-
CAE Oxford

Aviation Academy

AIRFRAMES AND SYSTEMS
ATPL GROUND TRAINING SERIES



uoNpoIu| '

Introduction

© CAE Oxford Aviation Academy (UK) Limited 2014
All Rights Reserved

This text book is to be used only for the purpose of private study by individuals and may not be reproduced in
any form or medium, copied, stored in a retrieval system, lent, hired, rented, transmitted or adapted in whole or
in part without the prior written consent of CAE Oxford Aviation Academy.

Copyright in all documents and materials bound within these covers or attached hereto, excluding that material
which is reproduced by the kind permission of third parties and acknowledged as such, belongs exclusively to CAE
Oxford Aviation Academy.

Certain copyright material is reproduced with the permission of the International Civil Aviation Organisation, the
United Kingdom Civil Aviation Authority and the European Aviation Safety Agency (EASA).

This text book has been written and published as a reference work to assist students enrolled on an approved
EASA Air Transport Pilot Licence (ATPL) course to prepare themselves for the EASA ATPL theoretical knowledge
examinations. Nothing in the content of this book is to be interpreted as constituting instruction or advice
relating to practical flying.

Whilst every effort has been made to ensure the accuracy of the information contained within this book, neither
CAE Oxford Aviation Academy nor the distributor gives any warranty as to its accuracy or otherwise. Students
preparing for the EASA ATPL (A) theoretical knowledge examinations should not regard this book as a substitute
for the EASA ATPL (A) theoretical knowledge training syllabus published in the current edition of ‘Part-FCL 1’ (the
Syllabus). The Syllabus constitutes the sole authoritative definition of the subject matter to be studied in an EASA
ATPL (A) theoretical knowledge training programme. No student should prepare for, or is currently entitled to enter
himself/herself for the EASA ATPL (A) theoretical knowledge examinations without first being enrolled in a training
school which has been granted approval by an EASA authorised national aviation authority to deliver EASA ATPL
(A) training.

CAE Oxford Aviation Academy excludes all liability for any loss or damage incurred or suffered as a result of any
reliance on all or part of this book except for any liability for death or personal injury resulting from CAE Oxford
Aviation Academy’s negligence or any other liability which may not legally be excluded.

Printed in Singapore by KHL Printing Co. Pte Ltd

ii




Introduction

Textbook Series

Book | Title Subject
1 010 Air Law
2 020 Aircraft General Knowledge 1 Airframes & Systems
Fuselage, Wings & Stabilising Surfaces
Landing Gear
Flight Controls
Hydraulics
Air Systems & Air Conditioning
Anti-icing & De-icing
Fuel Systems
Emergency Equipment
3 020 Aircraft General Knowledge 2 Electrics - Electronics
Direct Current
Alternating Current
4 020 Aircraft General Knowledge 3 Powerplant
Piston Engines
Gas Turbines
5 020 Aircraft General Knowledge 4 Instrumentation
Flight Instruments
Warning & Recording
Automatic Flight Control
Power Plant & System Monitoring Instruments
6 030 Flight Performance & Planning 1 Mass & Balance
Performance
7 030 Flight Performance & Planning 2 Flight Planning & Monitoring
8 040 Human Performance & Limitations
9 050 Meteorology
10 060 Navigation 1 General Navigation
1 060 Navigation 2 Radio Navigation
12 070 Operational Procedures
13 080 Principles of Flight
14 090 Communications VFR Communications

IFR Communications

iii

Introduction I



uoNpoIu| I

Introduction

iv



Introduction

Contents

ATPL Book 2 Airframes and Systems

1. Fuselage, Wings and Stabilizing Surfaces. . . . . . . . . . . .. ... ... L. 1
2. BasicHydraulics. . . . . . . .. e e e e e 45
3.Landing Gear. . . . . . L e e e e 87
4. Aircraft Wheels. . . . . . o e 111
B AIrcraft Tyres . . . . . e e e e e e 117
6. Aircraft Brakes . . . . . . . L e e 127
7. Flight Control Systems . . . . . . . . . . . e 149
8.Flight Controls . . . . . . . . . . . e 165
9. Powered FlyingControls. . . . . . . . . . . . 183
10. Aircraft Pneumatic Systems. . . . . . . . .. L 199
11. Pressurization Systems . . . . . . . . . L e e 217
12.lce and Rain Protection. . . . . . . . . . . 235
13. Aircraft Oxygen Equipment . . . . . . . . . . ... e 259
14.Smoke Detection . . . . . . . . L e 281
15. Fire Detection and Protection . . . . . . . . . . . ... L 289
16. Aircraft Fuel Systems . . . . . . . . L e 309

17.INdeX . . . o o e e e 339

Introduction I



uoNpoIu| I

Introduction

vi



Chapter

1

Fuselage, Wings and Stabilizing Surfaces

Definitions, Loads Applied to Aircraft Structures. . . . . . . . . . . .. ... ... ... 3
Combination Loadings . . . . . . . . . . e e 4
Design Philosophies. . . . . . . . . L e 5
Aircraft Structures. . . . . . L L 11
Fuselage Design. . . . . . . . . e e 11
Fuselage Construction . . . . . . . . . . . . e 12
Framework . . . . . e e 13
Monocoque Construction . . . . . . . . . . L e e e 14
Semi-monocoque Construction . . . . . . . .. L e e 14
Flight Deck and Passenger Cabin Windows . . . . . . . . . . . . . .. . ... ... ..., 18
Aircraft Doors . . . . . . . e e e e 19
Mainplanes (Wings). . . . . . . . . o o e e e e e e e e e e 20
Flutterand Resonance . . . . . . . . . . . . e e e 23
Stabilizing Surfaces . . . . . . . . L e e 23
Materials Used . . . . . . . . e e e e 25
COrrOSION . . o o o ot o e e e e e e e e e 27
Structural Limitations. . . . . . . . . L 30
Heavy Landings . . . . . . . . . . e e 30
Nose Wheel Landing . . . . . . . . . . . . e e 31
Tail Strike . . . . e 31
Failure Statistics . . . . . . . . . e 32
Hard Time & On-condition Maintenance . . . . . . . . . . . . .. . . ... .. ... ... 39
QUESTIONS . . . . . e e 40

ANSWETLS . . . o e e e e e e e e e e e e e e e e e L




1

saoeyns Suiziiqels pue s3uip ‘@8e)asny i

Fuselage, Wings and Stabilizing Surfaces




Fuselage, Wings and Stabilizing Surfaces

Definitions, Loads Applied to Aircraft Structures

Tension
A tension, or tensile load is one which tends to stretch a structural member. Components
designed to resist tensile loads are known as ties.

e —

Figure 1.1 Tensile

Compression
Compressive loads are the opposite of tensile loads and tend to shorten structural members.
Components designed to resist compressive loads are known as struts.

Figure 1.2 Compression

Shear
Shear is a force which tends to slide one face of the material over an adjacent face.
(See Figure 1.3.) Riveted joints are designed to resist shear forces.

< -p

Figure 1.3 Shear

1
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Combination Loadings

Bending
Bending of the structure involves the three basic loadings:

* Tension as the outer edge stretches.
» Compression as the inner edge squeezes together.
» Shear across the structure as the forces try to split it.

Torsion
Torsion or twisting forces produce tension at the outer edge, compression in the centre and
shear across the structure.

sade)uns 3uizijiqels pue s3uip ‘@8ejasny i

Stress

Stress is the internal force per unit area inside a structural part as a result of external loads
and therefore a tensile load or force will set up a tensile stress, compression loads will set up
compressive stresses.

Stress is defined as the force per unit of area and is measured in units of N/mm? or MN/m?,

Strain

When an external force of sufficient magnitude acts on a structure, the structural dimensions
change. This is known as strain. Strain is defined as the deformation caused by the action of
stress on a material. It is normally given as the change in dimension expressed as a percentage
of the original dimensions of the object.

The relationship between stress and strain for an elastic material is generally a constant known
as Young's Modulus of Elasticity.

Buckling
Buckling occurs to thin sheet materials when they are subjected to end loads and to ties if
subjected to compressive forces.

Aircraft components are subjected to some or all of the above stresses and these will tend to
elongate, compress, bend, shear or twist the component. However, providing the resulting
deformation is within the elastic limit of the material, the component will return to its original
dimension once the deforming load has been removed. If any load takes the structure beyond
the elastic limit the deformation will be permanent, this is referred to as plastic deformation.

Dynamic and Static Loads

Dynamic loads are those that tend to build up quickly due to changes in flight conditions.
These loads are produced when an aircraft is manoeuvred and may induce additional loads on
other parts of the aircraft. They can often be quite severe.

Static loads are generally constant and build slowly. An aircraft on the ground will experience
static loads. The weight of the aircraft will produce an opposing force coming up from the
landing gear which will have to be carried by the wing structure.
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Forces Acting on the Aircraft Structure
An aircraft is subject to various forces which act on the structure both on the ground and in
flight.

During flight the wings produce lift which tends to bend the wing upwards, as a result there
will be compression on the upper surface and tension on the lower. Lift also causes a torsional
force which twists the wing. Drag will also act on components such as the landing gear, bending
them backwards whilst the mass of the aircraft will pull it downwards. An aircraft flying straight
and level at a constant speed will be subject to 1g. Any change in attitude will change the g
which in turn alters the weight of the structure and the loads.

It should be noted that the loads on an aircraft that experiences engine failure will change
considerably. The remaining engine on a twin would still be producing thrust on one side of
the aircraft. In addition to changes in the loads on the wings, the asymmetric thrust would
produce a yawing moment which in turn would need to be corrected by the use of opposite
rudder. There would be increased loading on the fin and the fuselage structure.

Design Limit Load (DLL)

This is the maximum load that the designer would expect the airframe or component to
experience in service. The standard DLLs are: For Transport Aircraft +2.5 and -1.0. For Utility
Aircraft 4.4, and for Aerobatic Aircraft, 6. These values are based on ‘g’-forces and derived from
failure values determined experimentally at the design stage.

Design Ultimate Load (DUL)
The DUL is the DLL x the safety factor. The minimum safety factor specified in design
requirements is 1.5. The structure must withstand DUL without collapse.

Safety Factor
The safety factor is the ratio of the ultimate load to the limit load.

Design Philosophies

The aircraft manufacturer will attempt to design an aircraft to take into account all the loads
that it may experience in flight. There are various guidelines, formulae and experience to guide
them in the design of a good fail-safe/damage tolerant structure.

Safe Life

The safe life of an aircraft structure is defined as the minimum life during which it is known
that no catastrophic damage should occur. Life-counts for components of assemblies may be
recorded as a number of flying hours, cycles of landing, pressurization events, accelerations or
even on a calendar basis. After the elapsed life-count or fatigue cycle (typically pressurisations
or landings) has been reached, the item is replaced or overhauled. In the interim (operational
life) of the aircraft, and to minimize the chances of failure due to fatigue, aircraft designers
apply the principle of Fail-safe construction or Damage tolerance.

1

Fuselage, Wings and Stabilizing Surfaces !



1

sade)uns 3uizijiqels pue s3uip ‘@8ejasny i

Fuselage, Wings and Stabilizing Surfaces

Fail-safe or Damage Tolerant Structure

Large modern aircraft are designed with a Fail-safe or Damage tolerant structure. This can be
described as a structure in which a failure of a particular partis compensated for by an alternative
load-path provided by an adjacent part that is able to carry the loads for a limited time period.
Typically this is a structure which, after any single failure or crack in any one structural member
can safely carry the normal operating loads until the next periodic inspection. True dualling
of load-paths in common practice could be found in wing attachments and also in vertical
stabilizer and horizontal stabilizer attachment points.

MAIN FUSELAGE
FRAME —

WING TO FUSELAGE
ATTACHMENT FITTING

Figure 1.4

Detection of faults is reliant upon a planned inspection programme capable of finding such
failures. In order to gain access to the vulnerable areas a certain amount of dismantling is
necessary although the use of non-destructive testing (NDT) may be employed in less critical
areas. The disadvantage of true dualling of load-paths is that it is fundamentally very heavy.

Modern concepts of construction employ the ‘Stressed skin’ or ‘Semi-monocoque’ style of
construction where each piece of the aircraft has its part to play in spreading loads throughout
the airframe and is tolerant to certain amount of damage. The programmed inspection cycle
periodicity is determined on the basis that if a crack of detectable length has been missed at
the first inspection, the structure will allow this crack to develop until a subsequent inspection
before it becomes critical. The criteria of inspection cycles, Design Limit Loads, and Design
Ultimate Loads are agreed at the time of certification.

Damage Tolerant Structure

Fail-safe structures are rather heavy due to the extra structural members required to protect
the integrity of the structure. Damage tolerant structure eliminates the extra structural
members by spreading the loading of a particular structure over a larger area. This means that
the structure is designed so that damage can be detected during the normal inspection cycles
before a failure occurs.
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Figure 1.5 Damage tolerant structure

Fatigue

A structure may be subject to cyclic loads. This is where a structure experiences continual
reversals of loading and will fail at a load of less than would be the case for a steadily applied
load. This is known as Fatigue. The failing load will depend on the number of reversals
experienced. It can be seen in the example below that if the applied stress was 80% of the
ultimate stress, the specimen could expect to fail after 100 applications but if the applied stress
was reduced to 20% the failure would not occur until 10 million applications.

N (drawn to log scale)

A

S

Applied
alternating
stress
(% of

ultimate)

2 3 4 7
1 10 10 10 10

No. of cycles to failure

Figure 1.6 Fatigue
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Stress Concentration Factor
A stress concentration is the point on an object where stress is concentrated.

An object is strongest when the force is evenly distributed over its area.

If the area is reduced there will be a localized increase in stress. This may be produced by a
crack. Materials can fail via a propagating crack

Most materials contain small cracks or contaminants that concentrate stress. Fatigue cracks will
start at these points so removing any defects will increase the fatigue strength

Station Numbers

A method of locating components on the aircraft must be established in order that
maintenance and repairs can be carried out. This is achieved by identifying reference lines and
station numbers for fuselage, wings, empennage, etc. Fuselage station lines are determined
by reference to a zero datum line (fuselage station 0.00) at or near the forward portion of the
aircraft as defined by the manufacturer. Station numbers are given in inches forward (negative
and given a - sign) or aft (positive and with a + sign) of the zero datum. Wing stations are
measured from the centre line of the aircraft and are also given in inches left or right of the
centre line. Vertical position from a ground line or horizontal datum can be known as a Water
Line (WL), given as a dimension in inches from the horizontal datum.
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Aircraft Structures

Fuselage

The fuselage is the main structure or body of the aircraft and carries the aircraft payload i.e.
the passengers and/or freight as well as the flight crew and cabin staff in safe, comfortable
conditions.

It also provides the flight crew with an effective position for operating the aircraft and space
for controls, accessories and other equipment. It transfers loads to and from the main planes
(wings), tailplanes, fin, landing gear and, in certain configurations, the power plants.

Pressurized Aircraft
Structures must also be capable of supporting the axial and hoop stresses imposed by the
pressurization forces.

Axial Stress
Axial or longitudinal stresses are set up in the fuselage of aircraft when pressurized and tend
to elongate the fuselage.

Hoop Stress

Hoop or radial stresses are set up in addition to axial stress and tend to expand fuselage cross
section area. The internal pressures that set up these stresses can be as high as 65.5 kN/m?
(9.5 psi).

Rear Pressure
Bulkhead

Hoop
Stress Axial
Stress
Front
Pressure
Bulkhead

Figure 1.9

Fuselage Design

The fuselage can be built in a number of crosssections. They all have advantages and
disadvantages.

Rectangular
Many non-pressurized aircraft use this shape due to cost constraints. They are easier to construct
but do have a high weight to strength ratio

11
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Circular

This is an ideal shape for pressurized aircraft as the hoop stresses are spread evenly throughout
the structure. It requires cheaper tooling and is a relatively easy build. Sometimes considerable
amounts of space are wasted when certain passenger / cargo configurations have to be
accommodated.

Oval
An oval is less efficient than a circular shape but is frequently used to complete pressure hull
construction behind the rear bulkhead.

Double Bubble

These are similar to a figure eight. They provide effective use of space for both passengers
and cargo whilst not having the increased drag of a large circular fuselage, and they are cost
effective.

Recent designs favour a side-by-side bubble. These allow for larger number of passengers for

a given structural weight and are said to be very efficient due to reduced drag. Engines would
be rear mounted

Fuselage Construction
There are three main types of construction in use:

* Truss or framework type generally used for light, non-pressurized, aircraft.
* Monocoque - Generally used for light aircraft

* Semi-monocoque is more widely used on most other aircraft. This type of structure is now
generally referred to as Stressed Skin

12
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Framework

The framework consists of light gauge steel tubes welded together to form a space frame of
triangular shape to give the most rigid of geometric forms with each tube carrying a specific
load the magnitude of which depends on whether the aircraft is airborne or on the ground.
It is a strong, easily constructed and relatively trouble free basic structure. The framework is
covered by a lightweight aluminium alloy or fabric skin to give an enclosed, aerodynamically
efficient load carrying compartment.

Fuselage, Wings and Stabilizing Surfaces !

Figure 1.10 The Auster
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Monocoque Construction

Formers

Outside
Skin

Figure 1.11

In a monocoque structure all the loads are taken by the skin with just light internal frames or
formers to give the required shape. Even slight damage to the skin can seriously weaken the
structure. Extra strength needs to be built in around holes in the structure for windows, doors
or undercarriages as these will weaken the structure. This type of construction is only suitable
for smaller aircraft.

Semi-monocoque Construction

As aircraft became larger and the air loads greater the pure monocoque structure was not
strong enough and additional structural members known as stringers (stiffeners) and longerons
were added to run lengthwise along the fuselage joining the frames together. The light alloy
skin is then attached to the frames and stringers by riveting or adhesive bonding. Stringers
stiffen the skin and assist the sheet materials to carry loads along their length. Good examples
of longerons are the seat rails of passenger aircraft.

Frames or Formers

Stringers

Figure 1.12 Semi-monocoque structure

14
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Longerons

Longerons are beams in the fuselage that are fitted longitudinally from nose to tail. They are
often placed below the floor and take the main bending loads of the aircraft. There are a
number of methods of construction.

Fuselage, Wings and Stabilizing Surfaces !

Double Web
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Figure 1.13

Frames
Frames are vertical structures that are open in their centre. They are designed to take the
major loads and give the aircraft its shape

FRAME
STRESSED SKIN STRINGERS

PANELS /
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Figure 1.14
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Bulkheads

The bulkheads are similar to frames but are usually solid but may have access doors. They
are also designed to give the fuselage its shape and take some of the main loads. Two of the
major bulkheads in a transport aircraft are the front and rear bulkheads which separate the
pressurized and unpressurized areas

Stressed Skin Bulkhead
Panels

\\

Stringers

saseyins Suizijiqels pue sSuip ‘@8ejasny i
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Figure 1.15

Firewalls

There has to be means of separating the flight deck and cabin from the engine. This is called
a firewall. The firewall is required to protect the flight crew and passengers in the event of an
engine fire. These are constructed using heat resistant stainless steel or titanium alloy. These
materials have the ability to withstand moderate temperatures for prolonged periods whilst
also being able to withstand high temperatures for a short time. Titanium can be exposed to
up to 3000°C for short periods.

16
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Crossbeams
Crossbeams are used to add strength to the aircraft and support the passenger or cargo floor.
Modern aircraft use sandwich or honeycomb materials for the floor panels.

Upper Cap

Lower Cap

Figure 1.16 A floor crossbeam

Floor Venting
Blow-out panels, which open automatically to equalize the pressure across the floor structure,
may be installed to prevent distortion of the flooring during a rapid decompression

Doublers

When cut-outs are made to stressed skin structures, for example to provide access panels,
passenger windows or when repairs are required to damaged areas, reinforcement, in the
form of DOUBLERS or backing plates, is required around the cut-out. If the skin is machined
from the solid the skin around windows etc. is left thicker than the rest of the skin to provide
the required reinforcement.

Stressed
Skin Panels

Doublers

Figure 1.17

17
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Reinforced Frames

Frames

Cut-outs

Stringers

Skin

Figure 1.18

Flight Deck and Passenger Cabin Windows

Flight Deck Windows

The flight deck windows fitted to pressurized aircraft must withstand both the loads of
pressurization and impact loads from birdstrikes. They are constructed from toughened glass
panels attached to each side of a clear vinyl interlayer. An electrically conducting coating,
applied to the inside of the outer glass panel is used to heat the window. This prevents ice from
forming and makes the window more resilient and able to withstand birdstrikes.

The shock loading of a birdstrike impact is absorbed by the ability of the vinyl interlayer to
stretch and deform should the impact be great enough to shatter the glass. Windscreens are
attached to the frame by bolts passing through the edge of the windscreen.

The aircraft, and therefore by implication the windscreen, must be capable of continued
safe flight and landing after impact with a 4 Ib (2 kg) bird when the velocity of the aeroplane
is equal to V_(design cruise speed) at sea level, or 0.85V_at 8000 ft, which ever is the most
critical. i.e. the windscreen must be able to withstand impact under these conditions without
penetration.

The vertical and horizontal angles of the windscreen are specified so that each pilot has a
sufficiently extensive, clear and undistorted view so that they can safely perform any
manoeuvres within the operating limitations of the aeroplane.

18
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Eye Reference Position
Fixed markers or other guides are installed at each pilot station to enable the pilots to position
themselves in their seats for optimum combination of outside visibility and instrument scan.

The Eye Reference Position standardizes the visual attitude especially on approach and landing.

Direct Vision (DV) Windows
An opening window, normally referred to as a DV window must be provided in the control
cabin to enable the pilot to land the aircraft safely should forward vision be restricted.

Direct Vision windows slide open on a track that first lets the aft end of the window tilt in, then
it slides along a track until it is opened.

Fuselage, Wings and Stabilizing Surfaces !

e The DV window can be used in the event of a failure of the demisting system.
e Can be opened in flight if the aircraft is depressurized.
¢ Depending on size, may also be used as an emergency exit.

Figure 1.19

On light aircraft the flight compartment windows are generally perspex.

Passenger Cabin Windows

These are designed to be ‘fail-safe’ and normally have two panes of acrylic plastic mounted in
an airtight rubber seal fitted into a metal window frame. The inner and outer panes are each
capable of taking the full cabin pressurization load. If one pane fails the other will prevent loss
of cabin pressure.

Aircraft Doors

Aircraft doors may be side or top opening. All passenger doors on pressurized aircraft are
now of the plug type. When closed the internal pressure holds the door shut and locking pins
engage with the frame structure to ensure that it cannot open in flight. To open a plug type
door, it is pulled inwards and rotated sideways. Some open outwards for better access. They
must be able to withstand the pressure loads if the aircraft is pressurized and have to have
a means of preventing the aircraft being pressurized with the door unlocked. They must be
easy to open in an emergency and usually have escape slides built into the construction of the
door. A visual inspection panel is also required. Unpressurized aircraft have doors of a lighter
construction

Some aircraft have freight doors in the side of the fuselage, these usually hinge upwards and
open by means of an electric motor or hydraulic power pack. The loads go through the hinges.

19
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Mainplanes (Wings)

The wings support the weight of the aircraft in the air and so must have sufficient strength
and stiffness to be able to do this. The strength and stiffness are determined by the thickness
of the wing, with the thickness and type of construction used being dependent on the speed
requirements of the aircraft. The types of construction are:

* Biplane
* Braced monoplane
» Cantilever monoplane

Biplane

Very few biplanes fly at more than 200 knots in level flight and so the air loads are low, which
means that the truss type design covered in fabric is satisfactory. The wing spars, interplane
struts and bracing wires form a lattice girder of great rigidity which is highly resistant to bending
and twisting.

CENTRE SECTION
LANDING WIRES
UPPER MAINPLANE INTERPLANE
STRUT

S—

FLYING WIRES

LOWER MAINPLANE

Figure 1.20

Braced Monoplane
This type of design is also used on low speed aircraft.

Figure 1.21
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Cantilever Monoplane

S

— 1
2 N

TWISTING

\

BENDING
i

Figure 1.22

The mainplanes have to absorb the stresses due to lift and drag in flight and, if of cantilever
design, their own weight when on the ground.

This will be achieved by building the wing around one or more main load bearing members
known as spars. These are constructed so that they will absorb the downwards bending stresses
when the aircraft is on the ground. However when the aircraft is in flight the wing not only has
to have the flexibility to bend upwards but needs enough stiffness to resist the torsional loads
which will cause twisting.

Figure 1.23 Typical spar sections

Bending stress relief is also provided by using ‘Aileron Up-float’, mounting the engines on the
wing and positioning the major fuel tanks within the wing. During flight the fuel in the wing
tanks is the last to be used.

21
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This is particularly important at high All Up Mass (AUM) when the outer wing fuel tanks are
full. As the fuel is used the weight of the aircraft decreases which reduces the required lift and
therefore the bending moments/mass.

Note: The maximum bending moment occurs at the wing root.

TOP PANEL OF INTEGRALLY
STIFFENED SKIN

saseyins Suizijiqels pue sSuip ‘@8ejasny i

FRONT MEMBER

BOTTOM PANEL

8o 1 0841)

/ y. H

) o 2 avaNataia 2}

LIGHTENING
HOLE RIB

BOTTOM
CAP

Figure 1.24 Wing torsion box structure
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Spars: the mainplanes may be of single spar, twin spar or multi-spar construction. A conventional
structure would consist of front and rear spars, the metal skin attached to the spar booms, the
ribs and stringers. These four main component parts form the "torsion box'.

There is a form of construction that uses a series of small spars to replace the main spars. Other
mainplane components are:

Skin: takes the loads due to differences in air pressures and the mass and inertia of the fuel
(if any) in the wing tanks. It generates direct stresses in a spanwise direction as a response to
bending moments and also reacts against twisting (torsion) .

Stringers: are spanwise members giving the wing rigidity by stiffening the skin in compression.

Ribs: these maintain the aerofoil shape of the wings, support the spars, stringers and skin
against buckling and pass concentrated loads from engines, landing gear and control surfaces
into the skin and spars.

The major structural components of the wings are generally manufactured from aluminium
alloys with composite materials such as GRP (glass reinforced plastic), CRP (carbon reinforced
plastic) and honeycomb structures used for fairings, control surfaces, flaps etc.

Flutter and Resonance

Flutter is an uncontrolled oscillation that can occur on fixed surfaces, such as the wing or on
control surfaces such as the ailerons or elevators.

Flutter is caused by the interaction of aerodynamic forces, inertia forces and the elastic
properties of the surface or structure and can lead to the catastrophic failure of the structure.

Most wings are very flexible and whilst on the ground can easily be moved up and down by
hand. An aircraft that is in the cruise will be supported by its wings and they will be bent
upwards. If the aircraft is subjected to a gust it will shake up and down with the wings flapping
at a certain frequency. If the vibration is similar to that of the structure of the wing then it will
begin to resonate. The resonance will amplify the flutter and may well lead to failure of the
structure.

Flutter must not occur within the normal flight operating envelope of the aircraft. Flutter can
be prevented by mass balancing control surfaces to alter the moment of inertia of the surface
and therefore the period of vibration (move the control surface C of G closer to the hinge).

Poorly maintained aircraft, particularly those with excessive control surface backlash (play) or
flexibility may mean that flutter could occur at speeds below the limit airspeed.

Flutter of the mainplanes may be prevented by using the engines as mass balances, placing
them on pylons forward of the wing leading edge.

Stabilizing Surfaces

There are many different designs of the empennage (tail unit) e.g. Conventional, T-tail, H-tail,
V-tail (see Figure 1.25).
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Conventional T-tail

— 3 —

V-tail H-tail

Figure 1.25

The tail units provide, in most cases, the longitudinal and directional stability and the means
of longitudinal control. Some aircraft have their longitudinal stability and control provided by
foreplanes (canards).

The horizontal surfaces, which are known as the tailplane or horizontal stabilizer, provide
longitudinal stability by generating upwards or downwards forces as required.

The vertical surface(s), vertical stabilizer or fin, generate sideways forces as required.
Longitudinal control is provided by the elevators or moving tailplane with directional control
provided by the rudder. Both the tailplane and the fin are subject to both bending and torsional
stresses.

Structurally the tail unit components are generally smaller versions of the mainplanes in that
they use spars, ribs, stringers and skin in their construction. On some aircraft they may also be
sealed to provide fuel tanks, particularly those used for longitudinal and/or mach trim. They
also use the same basic materials i.e. aluminium alloys, composites with honeycomb structures
or high density expanding foam being used for control surfaces, to provide greater stiffness at
lower weight.

Figure 1.26 The empennage
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Materials Used

Modern aircraft are constructed mainly of aluminium and its alloys with smaller amounts
of steel and titanium for the major structural components with composite materials used
extensively for more lightly loaded structures. However many of the latest aircraft make use
of modern composites for the empennage, cabin floor panels, flying control surfaces, engine
cowlings and fairings.

Each material is chosen for its particular properties with regard to fatigue strength, wear
resistance, strength to weight ratio, fire resistance etc.

Aluminium and its alloys are the most widely used metals for structural use due to a good
strength to weight ratio with ‘duralumin’ type alloys predominating due to their good fatigue
resistance. Duralumin is a copper-based aluminium alloy which has poor corrosion resistance
except when clad with pure aluminium (Alclad). It also has good thermal and electrical
conductivity but is difficult to weld.

Steel and its alloys are only used where strength is vital and weight penalties can be ignored.

Titanium is much lighter than steel and can be used where fire protection is required e.qg.
firewalls. It has good strength and retains this and its corrosion resistance up to temperatures
of 400°C.

Magnesium alloys are also used, their principal advantage being their weight. This gives an
excellent strength to weight ratio (aluminium is one and a half times heavier). The elastic
properties of magnesium are not very satisfactory so its use in primary structures is limited.

Composite Materials

Composite materials are made of at least two elements to produce a material with properties
that are different to those of the original elements. Nearly all composites consist of a bulk
material, this is called the matrix and some form of reinforcement. This reinforcement is used
mainly to increase the strength and stiffness of the matrix and is usually in a fibre form.

The matrix can be produced using a variety of materials such as epoxies and polyester resins.
These materials on their own have poor mechanical properties (compressive, tensile, flexibility,
hardness etc.) especially when compared to materials such as most metals. They do however
have many desirable properties, the most important of which is their ability to be easily formed
into complex shapes.

When the matrix is combined with reinforcing fibres such as glass, carbon and Kevlar (aramid)
exceptional properties can be obtained. The matrix will spread the load to the composite
between each of the individual fibres and also protects the fibres from damage. This could be
caused by impact or abrasion.

These composites have good resistance to corrosion but their fatigue behaviour is different
to that of conventional metal alloys and is not generally a consideration at stress levels below
approximately 80% of ultimate stress. Metal structures suffering fatigue retain their design
strength up to a critical point after which failure occurs rapidly whereas composites lose their
properties gradually. Many composites have low electrical conductivity but specialist coatings
can be applied to give the required electrostatic discharge and lightning strike protection.
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Interest in composites for structural use continues to grow due to their high specific strength,
specific stiffness and their ability to retain those properties at elevated temperatures. It is also
possible to tailor strength to the direction of the load. There are cost factors involved in the use
of composites in aircraft. The manufacturing costs are high due to it being a labour intensive
and often complex process. These factors are outweighed by the reduced operating costs.
Aircraft such as the Boeing Dreamliner are approximately 20% lighter and this gives a large
reduction in fuel consumption

Sandwich Construction

This is used extensively on aircraft of all types, typically for flight control surfaces, flooring,
fuselage panels, empennage skin and sound proofing for engines. It is a laminar construction
that uses a honeycomb core with skins of composite material (GRP or CFP) or aluminium alloy,
and it can be used to provide rigidity and strength. It has a good strength to weight ratio and
is particularly strong in the direction of the honeycomb openings. Parts made of a sandwich
material need additional provision to carry concentrated loads.

Bond line

Figure 1.27

Attachment Methods
There are many methods of joining materials but the common methods are:

* riveting
* welding
* bolting

* pinning
* bonding

Riveting

This has been the most common way of joining materials and involves placing a rivet in a pre
drilled hole. The tail of the rivet is deformed and this clamps the material together. There are
times when access is limited to one side only so there a are variety of blind rivets.

Rivets may be set by hand or by a power operated machine. All rivets are meant to be used in
shear and have little strength in tension.

Welding

This is a process where the two metals are fused to become one. Fusion welding is where a
gas flame is used to heat the metal and a filling material is used to fill the gaps. There are
many other types of welding including forge, electric arc and spot welding, all of which have

particular applications.
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Bolting

This is employed where high shear or tensile loads are experienced. Most applications use steel
bolts. These must be locked to make sure that they do not loosen in service. This may involve
the use of locking wire, split pins or special nuts.

Pinning
As the name implies this uses pins of various designs to hold the materials together.

Adhesive Bonding

Redux bonding is one of the common methods used. A sheet of adhesive is placed between the
two materials, heat is then applied to cure the adhesive which produces a strong bond. One
advantage of this method is that compared to say riveted joints, it is easier to seal structures
making it particularly useful for fuel tanks.

Corrosion

Introduction

Corrosion may be regarded as the slow destruction of a metal by electrochemical action,
electrolytic corrosion. Considerable research by chemists and metallurgists is continually being
carried out to find more effective methods of preventing this destruction, but corrosion remains
a major problem.

General

Most metals are unstable, corrosion is the tendency of the metal to return to a stable state
similar to that of the metallic ore from which it originated. With corrosive attack the metal is
converted into metallic compounds such as oxides, hydroxides, carbonates, sulphates or other
salts.

Corrosion is largely electrochemical in character, and occurs in conditions that permit the
formation of minute electrolytic electrical cells in or on the attacked metal, in the presence of
an electrolyte. It will also occur when a difference in potential exists between the different
constituents of an alloy, or where dissimilar metals are in contact.

When a metal is exposed to the air, oxygen reacts with the bare metal to form an oxide film
which adheres to the metal surface. This oxide film forms a barrier between the air and the
metal surface which protects the underlying metal against further attack.

This is all the protection required by some metals, however, the oxides may react chemically
or combine with water to produce a film, oxidation that is not impervious to the passage of
further oxygen through it. The oxide film may crack or flake exposing the surface to further
oxidation, or the oxides may volatilize if the metal is subject to heat.
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Figure 1.28 Oxidation

With the exception of oxidation, corrosion takes place when the metal is in contact with water,
either as a liquid or as moisture in the atmosphere. The degree of corrosion is proportional to
the impurities in the water, the impurities being due to industrial pollution which has a high
sulphur content, or airbourne salt particles when operating over the sea. The resultant action
is that the metal undergoes chemical change, the metal is converted into a chemical compound
whilst the other metal remains untouched.

Evidence of Corrosion

The attack may extend over the entire surface of the metal or it may penetrate locally forming
deep pits, or follow grain boundaries inside the core of the metal. The weakening effect can
be aggravated by stresses in the metal, due to external loads, or they may be residual stresses
from the manufacturing process or method of assembly.

Types of Corrosion

The process of corrosion are complex and the various types of corrosion, oxidation and
electrolytic (sometimes referred to as galvanic), seldom occur separately. One type of corrosion
frequently leads to another so that two or more types can exist simultaneously in the same
piece of metal.

In aeronautical engineering the need to keep the weight of the aircraft structure to a minimum
commensurate with safety has lead to the development of high strength alloys, most of which
contain aluminium or magnesium. These alloys suffer damaging corrosion unless effectively
protected, the rate of deterioration under unfavourable conditions can be very rapid.

Aircraft operate under widely varying climatic conditions in all parts of the world some of the
environments being highly conductive to corrosive attack.

RATE OF CORROSION TYPE OF ATMOSPHERE
Highly conductive to corrosion Tropical Industrial Marine
Moderate corrosion Temperate Suburban
Inland
Low rate of corrosion Arctic Rural
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Corrosion is one of the most persistent defects found in aircraft, rectification of advanced
corrosion has been known to take thousands of man hours. It is therefore essential that
corrosion is recognized at the earliest possible stage and effective preventative measures taken.

Surface Corrosion

This is fairly uniform attack which slowly reduces the cross-sectional thickness of the sound
material, and so weakens the structure. The attack is recognized by etching or pitting of the
surface, the products of corrosion are recognized as:

Steels
Ferrous metals other than stainless steel become covered with reddish brown powder commonly
known as rust.

Aluminium and Magnesium
Corrosion produces powdery deposits and the colour of which varies between white and grey.
Corrosion of magnesium may take the form of deep pitting or may be fluffy or granular.

Copper Alloys

Copper corrosion in its most common form produces a blue-green salt deposit.

Surface corrosion is the least damaging form of corrosion since there is evidence of the attack,
so that it can be detected and rectified at an early stage.

Intergranular Corrosion

An intergranular (or inter-crystalline) corrosion penetrates the core of the metal along the
grain boundaries. As the material at the grain boundaries are usually anodic to the grain
centres, the production of corrosion are concentrated at the boundaries. The rate of attack is
not limited by the lack of oxygen, and is accelerated if applied or residual stresses are present.
Repeated fluctuating or tensile stresses cause separation of the grain boundaries accelerating
the spread of the corrosion. As a result higher stress concentrations occur in the remaining
sound material, this production cracks, which spread leading to complete failure.

It is probably the most dangerous form of corrosion as detection is difficult, and serious
weakening may occur before any external evidence is visible. The only surface indication is a
series of hairline cracks, these are usually only visible through a magnifying glass.

There is no effective method of determining or limiting the loss of strength that will occur, so
that when detected, parts must be immediately rejected.

Stress Corrosion

A combination of steady tensile load and corrosive conditions produce a form of metal fatigue
known as stress corrosion cracking (SCC). The stresses may be built in during manufacture
of the part, or introduced during assembly, or may be due to operational or structural loads.

A metal under stress corrodes more rapidly than unstressed parts, initially there is pitting of
the surface. Loss of the metal at the corrosion pit intensifies the stress at this point, producing
a crack which extends under the combined action of corrosion and load until failure occurs.
There is generally little visible evidence of corrosion and no apparent loss of metal.
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Structural Limitations

Maximum Structural Taxi Mass

This is sometimes referred to as Maximum Ramp Mass and it is the structural limitation of the
aeroplane mass at commencement of taxi (at departure from the loading gate). The aeroplane
would then burn fuel down to ‘Take-off Mass' (TOM).

Maximum Take-off Mass (MTOM)
This is the maximum permissible mass of the aeroplane including everything and everyone
contained in it at the start of the take off run.

Maximum Structural Landing Mass (MSLM)
The maximum permissible total aeroplane mass on landing in normal circumstances.

The Maximum Zero Fuel Mass (MZFM) is defined as the ‘'maximum permissible mass of an
aeroplane with no usable fuel’.

Bending moments, which apply at the wing root, are maximum when the quantity of fuel in
the wings is minimum. During flight, the quantity of fuel located in the wings, m__, decreases.
As a consequence, it is necessary to limit the weight when there is no fuel in the tanks. This limit
value is called Maximum Zero Fuel Mass (MZFM).

Figure 1.29 MZFM

Heavy Landings

Aircraft landing gear is designed to withstand landing at a particular aircraft weight and vertical
descent velocity (the maximum is 10 ft/sec or 3.15 m/sec at maximum landing weight). If either
of these parameters are exceeded during a landing then damage may have been caused to the
landing gear or supporting structure and these loads can be transmitted to the fuselage and
mainplanes. Overstressing may also be caused by landing with drift or landing in an abnormal
attitude, e.g. nose or tail wheels striking the runway before the main wheels.

Some aircraft are fitted with heavy landing indicators, which give a visual indication that specific
"g" forces have been exceeded but in all cases of suspected heavy landings the flight crew
should give details of the aircraft weight, fuel distribution, landing condition and whether any

noises indicative of structural failure were heard.

The damage which may be expected following a heavy landing would normally be concentrated
around the landing gear, its supporting structure in the wings or fuselage, the wing and
tailplane attachments and the engine mountings. Secondary damage may be found on the
fuselage upper and lower skin and structure, depending on the configuration and loading of
the aircraft.
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On some aircraft it is specified that, if no damage is found in the primary areas, the secondary
areas need not be inspected; but if damage is found in the primary areas, then the inspection
must be continued.

The precise details vary from aircraft to aircraft so reference must be made to the appropriate
maintenance manual.

Nose Wheel Landing

There is a danger of structural damage with a nose wheel landing. This will usually affect the
front pressure bulkhead in the fuselage and the nose wheel strut. In addition to defects in
the strut there may also be damage to the drag link. There is also a possibility of nose wheel
collapse

Tail Strike

There is a higher risk of a tail strike on an approach and landing below V . and also over
rotation of any flare.

This may lead to structural damage to the empennage and the rear pressure bulkhead in the
fuselage.
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Failure Statistics

The following pages are an extract from the EASA CS-25 document which details the EASA
policy on Failure Conditions.

6. BACKGROUND
a. General.

For a number of years aeroplane systems were evaluated to specific requirements, to the "single fault"
criterion, or to the fail-safe design concept. As later-generation aeroplanes developed, more safety-critical
functions were required to be performed, which generally resulted in an increase in the complexity of the
systems designed to perform these functions. The potential hazards to the aeroplane and its occupants
which could arise in the event of loss of one or more functions provided by a system or that system's
malfunction had to be considered, as also did the interaction between systems performing different
functions. This has led to the general principle that an inverse relationship should exist between the
probability of a Failure Condition and its effect on the aeroplane and/or its occupants (see Figure 1). In
assessing the acceptability of a design it was recognised that rational probability values would have to be
established. Historical evidence indicated that the probability of a serious accident due to operational and
airframe-related causes was approximately one per million hours of flight. Furthermore, about 10 percent of
the total were attributed to Failure Conditions caused by the aeroplane's systems. It seems reasonable that
serious accidents caused by systems should not be allowed a higher probability than this in new aeroplane
designs. It is reasonable to expect that the probability of a serious accident from all such Failure Conditions
be not greater than one per ten million flight hours or 1 x 107 per flight hour for a newly designed aeroplane. The
difficulty with this is that it is not possible to say whether the target has been met until all the systems on the
aeroplane are collectively analysed numerically. For this reason it was assumed, arbitrarily, that there are
about one hundred potential Failure Conditions in an aeroplane, which could be Catastrophic. The target
allowable Average Probability per Flight Hour of 1 x 107 was thus apportioned equally among these Failure
Conditions, resulting in an allocation of not greater than 1 x 10 to each. The upper limit for the Average
Probability per Flight Hour for Catastrophic Failure Conditions would be 1 x 10, which establishes an approximate
probability value for the term "Extremely Improbable". Failure Conditions having less severe effects could be
relatively more likely to occur.
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b. Fail-Safe Design Concept.

The Part 25 airworthiness standards are based on, and incorporate, the objectives and principles or
techniques of the fail-safe design concept, which considers the effects of failures and combinations of
failures in defining a safe design.

(1) The following basic objectives pertaining to failures apply:

(i) In any system or subsystem, the failure of any single element, component, or connection during any one
flight should be assumed, regardless of its probability. Such single failures should not be Catastrophic.

(ii) Subsequent failures during the same flight, whether detected or latent, and combinations thereof, should
also be assumed, unless their joint probability with the first failure is shown to be extremely improbable.

(2) The fail-safe design concept uses the following design principles or techniques in order to ensure a safe
design. The use of only one of these principles or techniques is seldom adequate. A combination of two or
more is usually needed to provide a fail-safe design; i.e. to ensure that Major Failure Conditions are Remote,
Hazardous Failure Conditions are Extremely Remote, and Catastrophic Failure Conditions are Extremely
Improbable:

(i) Designed Integrity and Quality, including Life Limits, to ensure intended function and prevent failures.
Amendment 3
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(ii) Redundancy or Backup Systems to enable continued function after any single (or other defined number
of) failure(s); e.g., two or more engines, hydraulic systems, flight control systems, etc.

(iii) Isolation and/or Segregation of Systems, Components, and Elements so that the failure of one does not
cause the failure of another.

(iv) Proven Reliability so that multiple, independent failures are unlikely to occur during the same flight.

(v) Failure Warning or Indication to provide detection.

Fuselage, Wings and Stabilizing Surfaces !

(vi) Flight crew Procedures specifying corrective action for use after failure detection.
(vii) Checkability: the capability to check a component's condition.

(viii) Designed Failure Effect Limits, including the capability to sustain damage, to limit the safety impact or
effects of a failure.

(ix) Designed Failure Path to control and direct the effects of a failure in a way that limits its safety impact.
(x) Margins or Factors of Safety to allow for any undefined or unforeseeable adverse conditions.

(xi) Error-Tolerance that considers adverse effects of foreseeable errors during the aeroplane's design, test,
manufacture, operation, and maintenance.

c. Highly Integrated Systems.

(1) A concern arose regarding the efficiency and coverage of the techniques used for assessing safety
aspects of highly integrated systems that perform complex and interrelated functions, particularly through the
use of electronic technology and software based techniques. The concern is that design and analysis
techniques traditionally applied to deterministic risks or to conventional, non-complex systems may not
provide adequate safety coverage for more complex systems. Thus, other assurance techniques, such as
development assurance utilising a combination of process assurance and verification coverage criteria, or
structured analysis or assessment techniques applied at the aeroplane level, if necessary, or at least across
integrated or interacting systems, have been applied to these more complex

systems. Their systematic use increases confidence that errors in requirements or design, and integration or
interaction effects have been adequately identified and corrected.

(2) Considering the above developments, as well as revisions made to the CS 25.1309, this AMC was
revised to include new approaches, both qualitative and quantitative, which may be used to assist in
determining safety requirements and establishing compliance with these requirements, and to reflect
revisions in the rule, considering the whole aeroplane and its systems. It also provides guidance for
determining when, or if, particular analyses or development assurance actions should be conducted in the
frame of the development and safety assessment processes. Numerical values are assigned to the
probabilistic terms included in the requirements for use in those cases where the impact of system failures is
examined by quantitative methods of analysis. The analytical tools used in determining numerical values are
intended to supplement, but not replace, qualitative methods based on engineering and operational
judgement.

7. FAILURE CONDITION CLASSIFICATIONS AND PROBABILITY TERMS
a. Classifications. Failure Conditions may be classified according to the severity of their effects as follows:

(1) No Safety Effect: Failure Conditions that would have no effecton safety; for example, Failure Conditions
that would not affect the operational capability of the aeroplane or increase crew workload.

(2) Minor: Failure Conditions which would not significanty reduce aeroplane safety, and which involve crew
actions that are well within their capabilities. Minor Failure Conditions may include, for example, a slight
Amendment 3
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reduction in safety margins or functional capabilities, a slight increase in crew workload, such as routine
flight plan changes, or some physical discomfort to passengers or cabin crew.

(3) Major: Failure Conditions which would reduce the capability of the aeroplane or theability of the crew to
cope with adverse operating conditions to the extent that there would be, for example, a significant reduction
in safety margins or functional capabilities, a significant increase in crew workload or in conditions impairing
crew efficiency, or discomfort to the flight crew, or physical distress to passengers or cabin crew, possibly
including injuries.

(4) Hazardous: Failure Conditions, which would reduce the capability of the aeroplane orthe ability of the
crew to cope with adverse operating, conditions to the extent that there would be:
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(i) A large reduction in safety margins or functional capabilities;

(ii) Physical distress or excessive workload such that the flight crew cannot be relied upon to perform their
tasks accurately or completely; or

(iii) Serious or fatal injury to a relatively small number of the occupants other than the flight crew.

(5) Catastrophic: Failure Conditions, which would result in multiple fatalities, usually with the loss of the
aeroplane. (Note: A “Catastrophic” Failure Condition was defined in previous versions of the rule and the
advisory material as a Failure Condition which would prevent continued safe flight and landing.)

b. Qualitative Probability Terms.

When using qualitative analyses to determine compliance with CS 25.1309(b), the following descriptions of
the probability terms used in CS 25.1309 and this AMC have become commonly accepted as aids to
engineering judgement:

(1) Probable Failure Conditions are those anticipated to occur one or more times during the entire
operational life of each aeroplane.

(2) Remote Failure Conditions are those unlikely to occur to each aeroplane during its total life, but which
may occur several times when considering the total operational life of a number of aeroplanes of the type.

(3) Extremely Remote Failure Conditions are those not anticipated to occur to each aeroplane during its total
life but which may occur a few times when considering the total operational life of all aeroplanes of the type.

(4) Extremely Improbable Failure Conditions are those so unlikely that they are not anticipated to occur
during the entire operational life of all aeroplanes of one type.

c. Quantitative Probability Terms.

When using quantitative analyses to help determine compliance with CS 25.1309(b), the following
descriptions of the probability terms used in this requirement and this AMC have become commonly accepted
as aids to engineering judgement. They are expressed in terms of acceptable ranges for the Average Probability
Per Flight Hour.

(1) Probability Ranges.

(i) Probable Failure Conditions are those having an Average Probability Per Flight Hour greater than of the
order of 1 x 107,

(ii) Remote Failure Conditions are those having an Average Probability Per Flight Hour of the order of 1x 10°
or less, but greater than of the order of 1 x 107.

(iii) Extremely Remote Failure Conditions are those having an Average Probability Per Flight Hour of the
order of 1x 107 or less, but greater than of the order of 1 x 10°°.
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(iv) Extremely Improbable Failure Conditions are those having an Average Probability Per Flight Hour of the
order of 1x 10 or less.

8. SAFETY OBJECTIVE.
a. The objective of CS 25.1309 is to ensure an acceptable safety level for equipment and systems as
installed on the aeroplane. A logical and acceptable inverse relationship must exist between the Average
Probability per Flight Hour and the severity of Failure Condition effects, as shown in Figure 1, such that:
(1) Failure Conditions with No Safety Effect have no probability requirement.
(2) Minor Failure Conditions may be Probable.
(3) Major Failure Conditions must be no more frequent than Remote.

(4) Hazardous Failure Conditions must be no more frequent than Extremely Remote.

(5) Catastrophic Failure Conditions must be Extremely Improbable.

Figure 1: Relationship between Probability and Severity of Failure Condition Effects

Prohahle
Unacceptable

Prohabhility Remote

of
Fa]llfr.e Eztremely
Condition Remote
Acceptable
Extremely
Improhable

Minor Major Hazardous Catastrophic
Severity of Failure Condition Effects

b. The safety objectives associated with Failure Conditions are described in Figure 2.
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Figure 2: Relationship Between Probability and Severity of Failure Condition

Effect on No effect on Slight reduction Significant Large reduction Normally with
Aeroplane operational in functional reduction in in functional hull loss
capabilities or capabilities or functional capabilities or
safety safety margins capabilities or safety margins
safety margins
Effect on | Inconvenience Physical Physical Serious or fatal Multiple
Occupants discomfort distress, injury to a small fatalities
excluding Flight possibly number of
Crew including passengers or
injuries cabin crew

Effect on Flight No effect on Slight increase Physical Physical Fatalities or
Crew flight crew in workload discomfort or a distress or incapacitation

significant excessive

increase in workload

workload impairs ability to

perform tasks

Allowable No Probability <---Probable---- | <----Remote---- Extremely Extremely
Qualitative Requirement > > R > Improbable
Probability Remote
Allowable No Probability | < > | < > [ < >
Quantitative Requirement
Probability: <1073 <10% <107 <10
Average
Probability per Note 1
Flight Hour on
the Order of:
Classification of | No Safety Effect | <-----Minor------ <-----Major------ <--Hazardous--> Catastrophic
Failure > >
Conditions
Note 1: A numerical probability range is provided here as a reference. The applicant is not required to perform a
quantitative analysis, nor substantiate by such an analysis, that this numerical criteria has been met for Minor
Failure Conditions. Current transport category aeroplane products are regarded as meeting this standard simply
by using current commonly-accepted industry practice.

c. The safety objectives associated with Catastrophic Failure Conditions, may be satisfied by demonstrating

that:

(1) No single failure will result in a Catastrophic Failure Condition; and

(2) Each Catastrophic Failure Condition is Extremely Improbable.

d. Exceptionally, for paragraph 8c(2) above of this AMC, if it is not technologically or economically
practicable to meet the numerical criteria for a Catastrophic Failure Condition, the safety objective may be
met by accomplishing all of the following:

(1) Utilising well proven methods for the design and construction of the system; and
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(2) Determining the Average Probability per Flight Hour of each Failure Condition using structured methods,
such as Fault Tree Analysis, Markov Analysis, or Dependency Diagrams; and

(3) Demonstrating that the sum of the Average Probabilities per Flight Hour of all Catastrophic Failure
Conditions caused by systems is of the order of 107 or less (See paragraph 6a for background).

9. COMPLIANCE WITH CS 25.1309.

This paragraph describes specific means of compliance for CS 25.1309. The applicant should obtain early
concurrence of the certification authority on the choice of an acceptable means of compliance.

Fuselage, Wings and Stabilizing Surfaces !

a. Compliance with CS 25.1309(a).

(1) Equipment covered by 25.1309(a)(1) must be shown to function properly when installed. The aeroplane
operating and environmental conditions over which proper functioning of the equipment, systems, and
installation is required to be considered includes the full normal operating envelope of the aeroplane as
defined by the Aeroplane Flight Manual together with any modification to that envelope associated with
abnormal or emergency procedures. Other external environmental conditions such as atmospheric
turbulence, HIRF, lightning, and precipitation, which the aeroplane is reasonably expected to encounter,
should also be considered. The severity of the external environmental conditions which should be
considered are limited to those established by certification standards and precedence.

(2) In addition to the external operating and environmental conditions, the effect of the environment within
the aeroplane should be considered. These effects should include vibration and acceleration loads,
variations in fluid pressure and electrical power, fluid or vapour contamination, due either to the normal
environment or accidental leaks or spillage and handling by personnel. Document referenced in paragraph
3b(1) defines a series of standard environmental test conditions and procedures, which may be used to
support compliance. Equipment covered by (CS) Technical Standard Orders containing environmental test
procedures or equipment qualified to other environmental test standards can be used to support compliance.
The conditions under which the installed equipment will be operated should be equal to or less severe than
the environment for which the equipment is qualified.

(3) The required substantiation of the proper functioning of equipment, systems, and installations under the
operating and environmental conditions approved for the aeroplane may be shown by test and/or analysis or
reference to comparable service experience on other aeroplanes. It must be shown that the comparable
service experience is valid for the proposed installation. For the equipment systems and installations
covered by CS 25.1309(a)(1), the compliance demonstration should also confirm that the normal functioning
of such equipment, systems, and installations does not interfere with the proper functioning of other
equipment, systems, or installations covered by CS 25.1309(a)(1).

(4) The equipment, systems, and installations covered by CS 25.1309(a)(2) are typically those associated
with amenities for passengers such as passenger entertainment systems, in-flight telephones, etc., whose
failure or improper functioning in itself should not affect the safety of the aeroplane. Operational and
environmental qualification requirements for those equipment, systems, and installations are reduced to the
tests that are necessary to show that their normal or abnormal functioning does not adversely affect the
proper functioning of the equipment, systems, or installations covered by CS 25.1309(a)(1) and does not
otherwise adversely influence the safety of the aeroplane or its occupants. Examples of adverse influences
are: fire, explosion, exposing passengers to high voltages, etc.

b. Compliance with CS 25.1309(b).

Paragraph 25.1309(b) requires that the aeroplane systems and associated components, considered
separately and in relation to other systems must be designed so that any Catastrophic Failure Condition is
Extremely Improbable and does not result from a single failure. It also requires that any Hazardous

Failure Condition is extremely Remote, and that any Major Failure Condition is Remote. An analysis should
always consider the application of the Fail-Safe design concept described in paragraph 6b, and give special
attention to ensuring the effective use of design techniques that would prevent single failures or other events
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from damaging or otherwise adversely affecting more than one redundant system channel or more than one
system performing operationally similar functions.

(1) General. Compliance with the requirements of CS 25.1309(b) should be shown by analysis and, where
necessary, by appropriate ground, flight, or simulator tests. Failure Conditions should be identified and their effects
assessed. The maximum allowable probability of the occurrence of each Failure Condition is determined from
the Failure Condition’s effects, and when assessing the probabilities of Failure Conditions appropriate analysis
considerations should be accounted for. Any analysis must consider:

(i) Possible Failure Conditions and their causes, modes of failure, and damage from sources external to the
system.

(i) The possibility of multiple failures and undetected failures.

(iii) The possibility of requirement, design and implementation errors.

(iv) The effect of reasonably anticipated crew errors after the occurrence of a failure or Failure Condition.
(v) The effect of reasonably anticipated errors when performing maintenance actions.

(vi) The crew alerting cues, corrective action required, and the capability of detecting faults.

(vii) The resulting effects on the aeroplane and occupants, considering the stage of flight and operating and
environmental conditions.

(2) Planning. This AMC provides guidance on methods of accomplishing the safety objective. The detailed
methodology needed to achieve this safety objective will depend on many factors, in particular the degree of
systems complexity and integration. For aeroplanes containing many complex or integrated systems, it is likely
that a plan will need to be developed to describe the intended process. This plan should include consideration of
the following aspects:

(i) Functional and physical interrelationships of systems.

(ii) Determination of detailed means of compliance, which may include the use of Development Assurance
techniques.

(iii) Means for establishing the accomplishment of the plan.

(3) Availability of Industry Standards and Guidance Materials. There are a variety of acceptable techniques
currently being used in industry, which may or may not be reflected in Documents referenced in paragraphs 3b(3)
and 3b(4). This AMC is not intended to compel the use of these documents during the definition of the particular
method of satisfying the objectives of this AMC. However, these documents do contain material and methods
of performing the System Safety Assessment. These methods, when correctly applied, are recognised by the
Agency as valid for showing compliance with CS 25.1309(b). In addition, Document referenced in paragraph 3b(4)
contains tutorial information on applying specific engineering methods (e.g. Markov Analysis, Fault Tree Analysis)
that may be utilised in whole or in part.

(4) Acceptable Application of Development Assurance Methods. Paragraph 9b(1)(iii) above requires that any
analysis necessary to show compliance with CS 25.1309(b) must consider the possibility of requirement, design,
and implementation errors. Errors made during the design and development of systems have traditionally been
detected and corrected by exhaustive tests conducted on the system and its components, by direct inspection,
and by other direct verification methods capable of completely characterising the performance of the system.
These direct techniques may still be appropriate for simple systems which perform a limited number of functions
and which are not highly integrated with other aeroplane systems. For more complex or integrated systems,
exhaustive testing may either be impossible because all of the system states cannot be determined or impractical
because of the number of tests which must be accomplished. For these types of systems, compliance maybe
shown by the use of Development Assurance. The level of Development Assurance should be determined by the
severity of potential effects on the aeroplane in case of system malfunctions or loss of functions.

38



Fuselage, Wings and Stabilizing Surfaces 1

Hard Time & On-condition Maintenance

Hard Time Maintenance
This is a procedure under which an item must be removed from service before its scheduled
maintenance period for inspection or repair.

“On-condition” Maintenance
On-condition maintenance uses an inspection or functional check to determine an item'’s
performance. This may result in the removal of an item before it fails in service.

It is applied to items where their continued airworthiness can be determined by visual
inspection, measurements, tests or other means without disassembly inspection or overhaul.

Fuselage, Wings and Stabilizing Surfaces !

The condition of an item is monitored either continuously or at specified periods and its
performance compared to an appropriate standard to determine if it can continue in service.
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Questions

Questions

1.

What is the purpose of the wing main spar?

onoTo

To withstand bending and torsional loads

To withstand compressive and torsional loads
To withstand compressive and shear loads

To withstand bending and shear loads

What is the purpose of wing ribs?

onoTo

To withstand the fatigue stresses

To shape the wing and support the skin
To house the fuel and the landing gear
To provide local support for the skin

What is the purpose of stringers?

onoTo

To absorb the torsional and compressive stresses

To produce stress risers and support the fatigue metres

To prevent buckling and bending by supporting and stiffening the skin
To support the primary control surfaces

The airframe structure must remain substantially intact after experiencing:

onoTo

the design ultimate load times a 1.5 safety factor
the design limit load plus the design ultimate load
three times the safety factor

the design limit load times a 1.5 factor of safety

In the construction of airframes the primary purpose of frames or formers is to:

onoTo

provide a means of attaching the stringers and skin panels
oppose hoop stresses and provide shape and form to the fuselage
form the entrance door posts

support the wings

How can wing bending moments be reduced in flight?

ono

By using aileron ‘up-float’ and keeping the centre section fuel tanks full for as
long as possible

By using aileron ‘up-float’ and using the fuel in the wings last

By having tail-mounted engines and using aileron ‘down-float’

By having wing-mounted engines and using the wing fuel first

Regarding a safe life structure:

PWN-=

onoTo

will only fail after a known number of operations or hours of use.

should not fail until a predicted number of fatigue cycles has been achieved.
has a programmed inspection cycle to detect and rectify faults.

is changed before its predicted life is reached.

1 and 2 apply

1 and 3 apply

2, 3 and 4 apply

all of the above apply

40



Questions

10.

1.

12.

13.

A fail-safe structure:

1. has a programmed inspection cycle to detect and rectify faults.

2. is changed before its predicted life is reached.

3. has redundant strength which will tolerate a certain amount of structural
damage.

4. is secondary structure of no structural significance.

a. 1 and 2 apply

b. 1 and 3 apply

C. 3 and 4 apply

d. all of the above apply

The skin of a modern pressurized aircraft:

a. is made up of light alloy steel sheets built on the monocoque principle

b. houses the crew and the payload

C. provides aerodynamic lift and prevents corrosion by keeping out adverse
weather

d. is primary load bearing structure carrying much of the structural loads

The primary purpose of the fuselage is to:

a support the wings

b. house the crew and payload
C keep out adverse weather

d provide access to the cockpit

Station numbers (Stn) and water lines (WL) are:

a a means of locating airframe structure and components
b. passenger seat locations

C runway markings for guiding the aircraft to the terminal
d compass alignment markings

Flight deck windows are constructed from:

a. an amalgam of strengthened glass and vinyl with rubber pressure seals

b. strengthened glass with shock absorbing clear vinyl interlayers and rubber
pressure seals

C. strengthened clear vinyl with an electrical conducting coat for de-icing and
rubber pressure seals

d. strengthened glass with rubber seals

A cantilever wing:

a. is externally braced with either struts and/or bracing wires
b. is supported at one end only with no external bracing
C. has both an upper an lower aerofoil section

d. folds at the root section to ease storage in confined spaces
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1 Questions

14. A torsion box:
o a. is a structure within the fuselage to withstand compression, bending and
g twisting loads
5] b. is a structure formed between the wing spars, skin and ribs to resist bending
’ and twisting loads
C. is a structure within the wing for housing the fuel tanks, flight controls and
landing gear
d. is a structure designed to reduce the weight

15. A lightening hole in a rib:

a. prevents lightning strikes damaging the fuselage
b. provides a means of passing cables and controls through a pressure bulkhead
C. collects and disposes of electrical charges
d. lightens and stiffens the structure
16. Control surface flutter:
a. provides additional lift for take-off and landing in the event of engine failure
b. occurs at high angles of attack
C. is a destructive vibration that must be damped out within the flight envelope
d. is a means of predicting the critical safe life of the wing
17. Control surface flutter is minimized by:
a. reducing the moment of the critical engine
b. aerodynamic balance of the control cables
C. changing the wings before they reach their critical life
d. mass balance of the control surface
18. A damage tolerant structure:
a. has degree of structural strength redundancy spread over a large area
b. is light, non load bearing structure, damage to which will not adversely affect
the aircraft
C. is replaced when it reaches its predicted life
d. need not be repaired until the aircraft undergoes deep maintenance
19. Aircraft structures consists mainly of:
a. light alloy steel sheets with copper rivets and titanium or steel materials at
points requiring high strength
b. magnesium alloy sheets with aluminium rivets and titanium or steel at points
requiring high strength
C. aluminium alloy sheets and rivets with titanium or steel materials at points
requiring high strength
d. aluminium sheets and rivets with titanium or steel materials at points requiring
high strength

20. The Maximum Zero Fuel Mass (MZFM) of an aircraft is:

the maximum permissible take-off mass of the aircraft

the maximum permissible mass of an aircraft with no usable fuel
the maximum permissible mass of an aircraft with zero payload
the maximum permissible landing mass

anoTo
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Answers
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Introduction

Hydraulics is the science relating to the behaviour of liquids under various conditions and in
aircraft the hydraulic system provides a means of operating large and remote components
that it would not be possible to operate satisfactorily by other means. Aircraft systems provide
a means of power transmission through the medium of hydraulics i.e. transmission of power
through an incompressible fluid via pipelines and actuators. Hydraulic systems provide the
power for the operation of components such as landing gear, flaps, flight controls, wheel
brakes, windshield wipers and other systems that require high power, accurate control and
rapid response rates.

Hydrostatic Pressure

A

Figure 2.1

For an open container, the pressure exerted by the fluid is dependent only on the height of
fluid.

Hence, varying containers of different sizes will give the same pressure if they contain the same
height of fluid.

Pascal’s Law
Pascal was a 17th century mathematician who stated that:

“If a force is applied to a liquid in a confined space, then this force will be felt equally in all
directions”.
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FORCE

—> _:. “— PRESSURE —

< —>
\ l /
Figure 2.2

The force employed when a hydraulic system is operated is caused by “Pressure”.

This force is not delivered by the hydraulic pump. Hydraulic pressure is created only when an
attempt is made to compress fluids, therefore, if a flow of oil is pumped through an open-
ended tube there will be no pressure, but, if the end of the tube is blocked and the oil cannot
escape, pressure will at once build up.

Without some form of restriction there can be no pressure.

FORCE = PRESSURE x AREA

FORCE
PRESSURE = FORCE PER UNIT AREA = “AREA
FORCE = TOTAL LOAD AVAILABLE

Bramah's Press

This principle was discovered by Joseph Bramah (1749 - 1814) who invented a hydraulic press
and, in doing so, observed two facts:

e the smaller the area under load, the greater the pressure generated.
» the larger the area under pressure, the greater will be the load available.

Refer to Figure 2.3. If a force of 1000 N is applied to piston “A”, whose area is 0.002 m* it will
produce a pressure of 500 kPa in the fluid.

If piston “B” has an area of 0.004 m? it will support a load of 0.004 m? x 500 kPa = 2000 N (i.e.
F=PxA).
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Piston A Piston B
Area = 0.002 m? Area = 0.004 m?
Force = 1000 N Force = 2000 N

| !

= BALANCED =)

Figure 2.3 The Bramah press

The WORK DONE by a machine = FORCE applied x DISTANCE moved

Then if piston "A" is moved through a distance of 0.6 m, and since work done in the system
must be constant, (assuming no frictional losses), then:

FORCE x DISTANCE (piston A) = FORCE x DISTANCE (piston B)
1000 x 0.6 = 2000 x the distance moved by piston ‘B’

so the distance moved by piston ‘B’ =0.3 m

(1000 x 0.6 = 600) = (2000 x 0.3 = 600 joules)

Thus, for a given fluid pressure the force produced can be varied by adjusting the piston area
and the resultant linear motion will vary in inverse proportion to the area.

This would constitute a Passive Hydraulic System where a force is applied to a piston (piston
A) only when it is desired to move the load (piston B). Thereby only generating pressure when
it is required rather than generating and maintaining pressure all of the time and only using it
when something needs to be moved.

Passive Hydraulic System

A passive hydraulic system is one in which there is no pump and pressure is only produced
when a force is applied to a piston.

A good example of this would be a light aircraft braking system which has a master cylinder to
generate the pressure when the brake pedal is pressed, and a slave cylinder to ‘do the work’ of
moving a piston and applying the brakes. See Figure 2.4.
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Foot pedal

P\

Master Slave
cylinder cylinder

Piston B
Fluid

reservoir

A

Piston A

Brake disc

Figure 2.4 A typical light aircraft braking system (only one brake shown)

Active Hydraulic Systems

A pump is required to deliver a flow of fluid into the system and some form of restriction is
required to obtain pressure. In hydraulic systems this restriction is provided by movable pistons
which travel backwards and forwards in cylinders, these assemblies being known as hydraulic
jacks or actuators. As the power required for operating different services, such as: undercarriage,
flaps, spoilers, nose wheel steering, Power Flying Control units etc. varies according to their size
and loading, a “gearing” effect must be provided and this is easily achieved by varying the size
of the actuator pistons, while the hydraulic pressure remains constant.

Hydraulic Fluids and Pipelines

The efficiency of a hydraulic system is governed by the resistance to motion encountered by
the fluid and, for all practical purposes, hydraulic fluids are considered to be incompressible
except at high pressures, i.e. 27.6 MN/m? and above (276.7 bar or 4300 pounds/square inch).

If a container with a certain volume of liquid has a pressure of 34.6 MN/m? (346 bar) applied it
can be seen that its reduction in volume is small as against a similar air container.

* Liquid is compressed by only 1% of its original volume, and 99% remains.
* Air is compressed by 99% of its original volume and 1% (1/100) remains.

It should be noted that the pressure in both will be felt equally in all directions.

In practice a certain amount of force is expended in overcoming static resistance, that is friction
between:

* pistons and cylinders
* piston rods and bearings/seals or glands
e fluid and the pipe walls
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Large bore pipes and frictionless pistons would allow nearly 100% of the force to be utilized
but would incur large weight and cost penalties.

Friction between pistons and cylinders, piston rods and bearings cannot be completely
eliminated, it can only be lessened by good design and workmanship. The friction between the
walls of the pipes and the fluid depends upon:

* velocity of the fluid in the pipes.

* length, bore and the internal finish of the pipes.
* number of bends.

* viscosity of the oil.

The variation of the above factors governs the amount of friction and therefore resistance
and, as it is necessary to use glands, seals and backing rings etc. to prevent leakage, the most
practical way to counteract this loss in efficiency is to use the correct fluid.

Seals

Seals perform a very important function in a hydraulic system, in preventing leakage of fluid.
Static seals, gaskets and packing are used in many locations, and these effect a seal by being
squeezed between two surfaces. Dynamic seals, fitted between sliding surfaces, may be of
many different shapes, depending on their use and on the fluid pressures involved. “U” and
“V" ring seals are effective in one direction only, but “O" rings and square section seals are
often used where pressure is applied in either direction.

Dynamic seals require lubrication to remain effective, and wetting of the bearing surface, or a
slight seepage from the seals, is normally acceptable. Where high pressures are used, an “O"
ring is normally fitted with a stiff backing ring, which retains the shape of the seal and prevents
it from being squeezed between the two moving surfaces.

Seals are made in a variety of materials, depending on the type of fluid with which they are to
be used; if a seal of an incorrect material is used in a system, the sealing quality will be seriously
degraded, and this may lead to failure of the component. Seals are easily damaged by grit, and
a wiper ring is often installed on actuators to prevent any grit that may be deposited on the
piston rod from contaminating the seals.

The choice of an aircraft’s hydraulic fluid is influenced by the materials used for glands, seals,
rings, seats etc. There are two in common use.

e DTD 585 - a refined mineral based oil (Petroleum). Colour - red. Used with synthetic rubber
seals (Neoprene). Note: DTD 585 is an obsolete specification. DEF STAN 91-48 replaces DTD
585 as the British specification. Other specifications are H515 NATO, OM15 Joint Service,
MIL-H-5606F U.S., all for super clean grades.

e SKYDROL - a phosphate ester based oil. Colour - Type 500A & B purple, Type 700 green.
Used with synthetic rubber seals (Butyl). Is fire resistant and less prone to cavitation because
of its higher boiling point.

Hydraulic fluids should be handled with care as they are considered to be a skin and eye irritant.
The fluids also have a detrimental effect on paintwork, sealing compounds, rubber materials,
perspex etc., and they should never be mixed.
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It is of major importance that only the specified hydraulic oil or its approved alternative
is used in a hydraulic system. If the incorrect fluid is added to a system breakdown of the
seals is likely causing fluid leakage, both internally within components and externally from the
actuators. The colouring of the fluids assists in their identification and also assists in finding
hydraulic leaks but the specification can only be confirmed by:

e consulting the aircraft manual.
e only using fluid from sealed containers or the appropriate replenishment rig.

The ideal properties of a hydraulic fluid are:

* be relatively incompressible, i.e. up to 27.6 MN/m? (276 bar), so ensuring instantaneous
operation.

* have good lubricating properties for metal and rubber.

* have good viscosity with a high boiling point (helps prevent vapour locking and cavitation)
and low freezing point e.g. temperature range +80°C to -70°C.

* have a flash point above 100°C.

* be non-flammable.

* be chemically inert.

* be resistant to evaporation, low volatility.
* have freedom from sludging and foaming.
* have good storage properties.

* be non-corrosive.

* be reasonably priced and readily available.
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Basic System
As shown in Figure 2.5 there are six main components common to all hydraulic systems:

¢ areservoir of oil, which delivers oil to the pump and receives oil from the actuators.
e a pump, either hand, engine or electrically driven.

¢ aselector or control valve, enabling the operator to select the direction of the flow of fluid
to the required service and providing a return path for the oil to the reservoir.

e ajack, or set of jacks or actuators, to actuate the component.
¢ afilter, to keep the fluid clean.

¢ arelief valve, as a safety device to relieve excess pressure.

RESERVOIR
.j:fﬂ PUMP
RELIEF PRESSURE
VALVE FILTER
- /)
4 SELECTOR
VALVE

ACTUATOR ) H

Figure 2.5 Basic hydraulic system
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Classification of Hydraulic Systems

Active hydraulic systems are generally classified as low or high pressure, low pressure up to
2000 psi and high pressure above that with working system pressures averaging 3000 psi.

The main advantage of a high pressure system is that the size of the actuators can be reduced,
these need less fluids and the pipes can be made smaller. The combination of these leads to
reduction in weight and saves space.

sonnespkH diseg i

Open-centre System

The main advantage of this system is that it is simple, the main disadvantage is that only one
service can be operated at a time. As shown in Figure 2.6, fluid is passed directly to the reservoir
when no services are being operated, this allows the engine driven pump to run in an ‘off
loaded’ condition as little pressure is generated but there is still a flow of oil through the pump
to cool and lubricate it. The working pressure of these systems is usually up to 2000 psi

On selection of a user system the fluid is directed to the actuator, which will move. When the
actuator reaches the end of its travel pressure will build up to a value when the selector is
returned to neutral in order to off load the pump and allow alternative selections to be made.
The relief valve will relieve excess pressure if the selector does not return to its neutral position.

This type of system is popular in many light aircraft which do not require a constant pressure to
be maintained all the time as only items like landing gear and flaps will be powered for short
periods of time each flight.

RESERVOIR
ENGINE DRIVEN
PUMP
RELIEF PRESSURE
VALVE : FILTER
-
SELECTOR
VALVE
)
TO ANOTHER
SERVICE

<mmm —

=

o s | 0

ACTUATOR ACTUATOR

Figure 2.6 Open-centre system
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Power Pack

Light aircraft may alternatively be fitted with a self-contained power pack, the pack may
operate the landing gear retraction system, they are also be used on large aircraft as emergency
systems or to operate freight doors, etc.

Closed System

With this type of system, operating pressure is maintained in that part of the system which
leads to the selector valves, and some method is used to prevent over-loading the pump. In
systems which employ a fixed volume pump (constant delivery) an automatic cut-out valve is
fitted, to divert pump output to the reservoir when pressure has built up to normal operating
pressure. In other systems a variable volume pump (constant pressure) is used, delivery being
reduced as pressure increases, whilst in some simple light aircraft systems, operation of an
electrically-driven pump is controlled by a pressure-operated switch. A simple closed system is
illustrated in Figure 2.7.

RESERVOIR

e I

PRESSURE [
FILTER
L NON-RETURN

ACCUMULATOR mé/ VALVE

| RELIEF VALVE
@>i | -
SELECTOR
VALVE \ » & @

ACTUATOR ACTUATOR

Figure 2.7 Closed system
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Reservoirs

A reservoir provides storage space for the system fluid, supplying a head of fluid for the pump
and compensating for small leaks. It also provides sufficient air space to allow for any variations
of fluid in the system which may be caused by:

* jack (actuator) ram displacement, since the capacity of the jack is less when contracted than
extended.

e thermal expansion, since the volume of oil increases with temperature.

Most reservoirs are pressurized, to provide a positive fluid pressure at the pump inlet, and to
prevent air bubbles from forming in the fluid at high altitude. The fluid level will vary according
to:

* the position of the jacks.
» whether the accumulators are charged.
¢ temperature.

Air pressure is normally supplied from the compressor section of the engine or the cabin
pressurization system.

Refer to Figure 2.8. A reservoir also contains a relief valve, to prevent over pressurization;
connections for suction pipes to the pumps, and return pipes from the system; a contents
transmitter unit and a filler cap; and, in some cases, a temperature sensing probe. In systems
which are fitted with a hand pump, the main pumps draw fluid through a stack pipe in the
reservoir. This ensures that, if fluid is lost from that part of the system supplying the main
pumps, or supplied solely by the main pumps, a reserve of fluid for the hand pump would still
be available.

Sight
Glass

Pressurized Level

Baffles

Temp
Sensor

Fin — 0 e

Figure 2.8 Reservoir
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Filters

Filters are fitted in both suction and pressure lines i.e. both sides of the pump and sometimes
in the return line to the reservoir; a suction filter to protect the pump, and a pressure filter to
ensure the cleanliness of fluid during use. They remove foreign particles from the fluid, and
protect the seals and working surfaces in the components. In addition, individual components
often have a small filter fitted to the inlet connection, and constant pressure pumps will have
a “case drain filter” to help monitor pump condition.

Some filters are fitted with a device which senses the pressure differential across the filter
element, and releases a visual indicator, in the form of a button or illuminates a warning
lamp, when the pressure differential increases as a result of the filter becoming clogged.
False indication of element clogging, as a result of high fluid viscosity at low temperature, is
prevented by a bi-metal spring which inhibits indicator button movement at low temperatures.

Other filters are fitted with a relief valve, which allows unfiltered fluid to pass to the system
when the element becomes clogged; this type of filter element must be changed at regular
intervals. Paper filter elements are usually discarded when removed, but elements of wire cloth
may usually be cleaned. Cleaning by an ultrasonic process is normally recommended, but if a
new or cleaned element is not available when the element becomes due for check, the old
element may be cleaned in trichloroethane as a temporary measure.

OIL
IN

BY-PASS
VALVE
(SHOWN
CLOSED)

SEAL

FILTER ELEMENT

FILTER HOUSING

Figure 2.9 Filter
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Pumps

Draw oil from the reservoir and deliver a supply of fluid to the system. Pumps may be:

* hand operated

* engine driven

* electric motor driven

e pneumatically (air turbine motor) (ATM)

e ram air turbine (HYDRAT or RAT)

* hydraulically (Hyd. motor driving a hyd. pump). Known as a Power Transfer Unit or PTU.

sonnespkH diseg i

In most cases the ATM, RAT or PTU is used to provide an alternate supply as part of the
redundancy provision for the safe operation of the aircraft.

Hand Pumps may be the only source of power in a small, light aircraft hydraulic system, but in
larger aircraft are employed:

* to allow ground servicing to take place without the need for engine running.
e so that lines and joints can be pressure tested.
* so that cargo doors etc., can be operated without power.

The hand pump is usually a double acting pump (delivers oil on both strokes) in a very compact
body. It incorporates non-return valves (NRVs), and a relief valve which can be set to relieve at
any required pressure, typically this is about 10% above normal system pressure. Refer to Figure
2.10.

- HANDLE

NRV * .y

TRANSFER VALVE .

OUTLET
PISTON
@ NRV

RELIEF =%
VALVE ﬁg ‘ INLET

Figure 2.10 Hand pump
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Engine driven pumps (EDP) or electrically driven pumps may be classified as follows:

* Constant Delivery (Fixed Volume) Type Pump. This pump supplies fluid at a constant rate
and therefore needs an automatic cut-out or relief valve to return the fluid to the reservoir
when the jacks have reached the end of their travel, and when the system is not operating,
it requires an idling circuit. This pump is usually a single or double stage gear pump giving a
large flow at a small pressure, typically up to 2000 psi.

Basic Hydraulics !

Figure 2.11 A spur gear type oil
pump

* Constant Pressure (Variable Volume) Pump. This pump supplies fluid at a variable volume
and controls its own pressure, this type of pump is typically fitted in modern aircraft whose
systems operate at 3000-4000 psi. The cylinder block and drive shaft are coaxial and rotate
carrying the pistons with them which slide up and down in the cylinder block. The pistons
are attached to shoes which rotate against a stationary yoke, and the angle between the
yoke and cylinder block is varied to increase or decrease piston stroke thus increasing or
decreasing pump output.
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Figure 2.12

59



sonnespkH diseg i

Basic Hydraulics

Figure 2.13 and Figure 2.14 shows the operation of the pump. When pressure in the system is
low, as would be the case following selection of a service, spring pressure on the control piston
turns the yoke to its maximum angle, and the pistons are at full stroke, delivering maximum
output to the system. When the actuator has completed its stroke, pressure builds up until
the control piston moves the yoke to the minimum stroke position; in this position a small flow
through the pump is maintained, to lubricate the working parts, overcome internal leakage
and dissipate heat. This lubricating oil drains back to the reservoir through the case drain.
Pump condition can be monitored by a filter and overheat detector in the case drain. On some
pumps a solenoid-operated depressurizing valve (off load valve) is used to block delivery to the
system, and to off load the pump. System pressure is maintained and the pump output falls to
50 - 200 psi approx allowing oil to circulate, lubricating and cooling the pump. The solenoid is
energized when the pump is off loaded.

Note
Many transport aircraft have constant pressure or demand type hydraulic pumps.

A constant delivery pump delivers the same amount of fluid without regard to flow required
by the system, with unused fluid being returned to the reservoir via a relief valve. This wastes
energy.

A variable volume or constant pressure pump is better suited to the needs of a transport
aircraft in that it can alter the outlet flow as more services are operated. It will increase flow to
maintain working pressure. So regardless of the number of actuators or motors being operated
the system will function properly.
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PISTON

DRIVE
INLET

CYLINDER
BLOCK

OUTLET

|

YOKE OR l CASE CONTROL
SWASH PLATE DRAIN PISTON

Figure 2.13 Constant pressure pump at maximum stroke
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Figure 2.14 Constant pressure pump at minimum stroke
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Automatic Cut-out Valves (ACOV)

An automatic cut-out valve (ACOV) is fitted to a system employing a constant delivery (fixed
volume) pump, to control system pressure and to provide the pump with an idling circuit when
no services have been selected. An accumulator is fitted as part of the power system when
a cut-out is fitted, since any slight leakage through components, or from the system, would
result in frequent operation of the cut-out, and frequent loading and unloading of the pump.
The accumulator maintains the system pressure when the pump is in its ‘cut-out’ position.

IDLING FLOW
—>

POPPET VALVE

TO
RESERVOIR

TO SYSTEM
FROM PUMP NRV

Figure 2.15 Automatic cut-out valve (ACOV)

The automatic cut-out valve in its ‘cut-in’ position allows the delivery from the pump to pass
through the non-return valve and pressurize the system. When system pressure has been
reached the piston is forced upwards by the pressure acting underneath it and opens the
poppet valve allowing the output of the pump to pass to the reservoir at low pressure. The
ACOV is now in its ‘cut-out’ position allowing the pump to be off loaded but still maintaining
a lubricating and cooling flow.

The NRV holds system pressure with the aid of the accumulator. If system pressure falls, due to
a service being selected, the piston falls, closing the poppet valve and allowing the rising pump
pressure to be delivered through the NRV to the system again (cut-in).

The time between cut-out (off load) and cut-in (on load) (periodicity) of the ACO valve is a
good indication of the condition of the system.

e External leakage will cause a reduction in the operating period with frequent loading and
unloading of the pump; also with a loss of system fluid.

* Internal leakage, usually caused by a piston seal failure, will also cause frequent loading
and unloading of the pumps; although with no fluid loss there could be an increase in fluid
temperature.
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Hydraulic Accumulators
An accumulator is fitted:

* to store hydraulic fluid under pressure.

e to dampen pressure fluctuations.

* to allow for thermal expansion.

* to provide an emergency supply of fluid to the system in the event of pump failure.

* to prolong the period between cut-out and cut-in time of the ACOV and so reduce the wear
on the pump.

* to provide the initial fluid when a selection is made and the pump is cut-out.

CHARGING
POINT

FLEXIBLE

SEPARATOR OR DIAPHRAGM

FLOATING PISTON

Figure 2.16 Hydraulic accumulators

A non-return valve fitted upstream of an accumulator, prevents fluid from being discharged
back to the reservoir. Two different types of accumulator are illustrated in Figure 2.16 but many
other types are used. The accumulators shown are the most commonly used.

The gas side of the accumulator is charged to a predetermined pressure with air or nitrogen. As
hydraulic pressure builds up in the system, the gas is compressed until fluid and gas pressures
equalize at normal system pressure. At this point the pump commences to idle, and system
pressure is maintained by the accumulator. If a service is selected, a supply of fluid under
pressure is available until pressure drops sufficiently to bring the pump on line.

The initial gas charge of the accumulator is greater than the pressure required to operate any
service, and the fluid volume is usually sufficiently large to operate any service once; except
that brake accumulators permit a guaranteed number of brake applications, or the ability to
stop the aircraft during a rejected take-off.
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The gas side of an accumulator is normally inflated through a charging valve, which may be
attached directly to the accumulator, or installed on a remote ground servicing panel and
connected to the accumulator by means of a pipeline. The charging valve usually takes the
form of a non-return valve, which may be depressed by means of a plunger in order to relieve
excessive pressure. To pre-charge or check, the gas pressure, the system pressure should be
released (off loaded). This will allow the gas pressure to move the floating piston to the bottom
of the accumulator.

Incorrect pre-charge pressure of the main accumulator can cause the ACOV to cut in and out
too frequently. This may cause rapid fluctuations of system pressure which can be felt and
heard as ‘hammering’ in the system.

SINGLE BALANCED DOUBLE
ACTING ACTUATOR ACTING
ACTUATOR ACTUATOR

— HE
’ L

Figure 2.17 Hydraulic actuators

Hydraulic Jacks (Actuators)
Purpose: To convert fluid flow into linear or rotary motion, see Figure 2.17.

Construction: They vary in size and construction depending on the operating loads, but all
consist of:

An outer cylinder in which slides a piston and seal assembly. Attached to the piston is a piston
rod (or ram) which passes through a gland seal fitted into the end of the cylinder.

Types of Jacks (Actuators). Three types of jack are used for different purposes in an aircraft
system. Details of a particular jack should be obtained from the relevant maintenance manual.

Single Acting. Is normally used as a locking device, the lock being engaged by spring pressure
and released by hydraulic pressure. A typical application is a landing gear downlock.

Double Acting Unbalanced. Is used in most aircraft systems. Because of the presence of the
piston rod the area of the top of the piston is greater than the area under it. Consequently,
more force can be applied during extension of the piston rod. Therefore, the operation which
offers the greater resistance is carried out in the direction in which the piston rod extends; for
example, in raising the landing gear.

Differential Areas. It should be noted that the area of the upper side of the piston is greater
than the area of the lower side by the amount equal to the area of the piston rod; therefore
the force acting on it will be greater on the larger area.
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Double Acting Balanced Jack. A balanced actuator, in which equal force can be applied to both
sides of the piston, is often used in applications such as nose wheel steering and flying control
boost systems. Either one or both sides of the piston rod may be connected to a mechanism.

Hydraulic Lock

When fluid is trapped between the piston of the jack and a non-return valve, a "hydraulic
lock” is said to be formed. Because the fluid is incompressible and is unable to flow through
the system, the piston cannot move even if a load is applied to it and is therefore locked in its
position.

Hydraulic Motors

These are a form of rotary actuator, and are sometimes connected through gearing to operate
a screw jack, or to drive generators or pumps. In some aircraft they are used for driving a
hydraulic pump unit, thus enabling power to be transferred from one hydraulic system to
another without transferring fluid. The construction of a hydraulic motor is generally similar
to the construction of a variable volume multi-piston pump. The speed of a hydraulic motor is
dependent on the flow rate of oil into it.

Pressure Control

Maximum system pressure is often controlled by adjustment of the main engine-driven pump,
but a number of other components are used to maintain or limit fluid pressures in various parts
of a hydraulic system. (Typical system pressure; small aircraft 1500 psi, large aircraft 3000 psi).

Relief valves are used for:

* expansion (thermal relief).
 ultimate system protection (full flow relief).
* mechanical overload protection (flap relief).

All act as safety devices to relieve excess pressure in the system back to reservoir. In the case
of a flap relief valve, this valve is fitted to prevent excessive air loads damaging the flaps or
flap attachments by allowing the flaps to blow back to the ‘UP’ position if the air loads are
excessive, i.e. flaps selected ‘down’ at too high an airspeed.

Thermal relief valves are usually fitted into lines isolated by NRVs or selectors and are adjusted
to blow off at a pressure slightly higher than normal system pressure, typically 10%

In some systems a full flow relief valve or high pressure relief valve is fitted downstream of the
pump to bypass full pump output to the reservoir in the event of failure of the cut-out valve or
blockage elsewhere in the system.

Pressure Maintaining Valves. A pressure maintaining valve, or priority valve, is basically a
relief valve which maintains the pressure in a primary service at a value suitable for operation
of that service, regardless of secondary service requirements.
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Figure 2.18 Pressure maintaining valves

Pressure Reducing Valves. A pressure reducing valve is often used to reduce main system
pressure to a value suitable for operation of a service such as the wheel brakes.

i

@
L

—> RETURN

<— INLET

LOW PRESSURE
SUB-SYSTEM

Figure 2.19 Pressure reducing valve

Brake Control Valves. A brake control valve is essentially a variable pressure reducing valve,
which controls pressure in the brake system according to the position of the pilot’s brake
pedals, the anti-skid system and autobrake selections as required.
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Flow Control

The components described in this paragraph are used to control the flow of fluid to the various
services operated by the hydraulic system.

Non-return Valves. The most common device used to control the flow of fluid is the non-
return valve, which permits full flow in one direction, but blocks flow in the opposite direction
(in a similar way to a diode in electrical circuits). Simple ball-type non-return valves are included
in Figure 2.20. When a non-return valve is used as a separate component, the direction of flow
is indicated by an arrow moulded on the casing, in order to prevent incorrect installation. This
valve is also known as a One Way Check valve or Non-reversible valve.

)

AL LLTTTEHTETEERN
\\\\\\\\\\\\\ Y L4 LS

OUTLET PORT INLET PORT

Figure 2.20 A simple non-return valve

One Way Restrictor Valves (or choke). A restrictor valve may be similar in construction to a
non-return valve, but a restrictor valve is designed to permit limited flow in one direction and
full flow in the other direction; the restriction is usually of fixed size, as shown in Figure 2.21.
A restrictor valve is used in a number of locations in order to limit the speed of operation of
an actuator in one direction only. It may, for instance, be used to slow down flap retraction or
landing gear extension (up line for both).

Figure 2.21 Restrictor valve
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Selector Valves. Selector valves are used to direct fluid to the appropriate side of a jack and
connect the other side to return. Some are manually operated but on large transport aircraft
they are operated remotely either mechanically or electrically. Selectors are of two main types
open centre or closed centre and may be rotary or linear in construction.

Rotary Selectors. Different types of rotary selectors are used depending on the type of actuator.
A simple two port selector is used with a single acting actuator. Double acting actuators will
use a four port selector. This enables the actuator to be extended by directing fluid to one
side of the actuator and open the opposite side to return. The selector can then be rotated to
redirect the fluid to retract the actuator.

Pressure

Selector Valve

Figure 2.22 Typical four port selector

Linear Slide Selector or Spool Valve Selector. This type of selector is operated by a linear
movement and is typically operated mechanically by a rod or cable but may be operated
electrically.

Pressure

Hydraulic lock

Figure 2.23 Linear slide selector or spool valve selector
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Electrically-operated Selectors. It is sometimes convenient to locate a selector valve at a
position remote from the crew compartment. To eliminate the need for extensive mechanical
linkage the selector is operated electrically, it may be a motor driven or solenoid controlled
selector.

Shuttle Valves. These are often used in landing gear and brake systems, to enable an alternate
system to operate the same actuators as the normal system. During normal operation, free
flow is provided from the normal system to the service and the alternate line is blocked. When
normal system pressure is lost and the alternate system is selected, the shuttle valve moves
across because of the pressure difference, blocking the normal line and allowing the alternate
supply to operate the services e.g. brakes, landing gear etc. A typical shuttle valve is shown in
Figure 2.24.

SERVICE

SHUTTLE

NORMAL

ALTERNATE
SUPPLY

SUPPLY

Figure 2.24 Shuttle valve

Sequence Valves. Sequence valves are often fitted in a landing gear circuit to ensure correct
operation of the landing gear doors and jacks. Refer to Figure 2.25.
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Figure 2.25 A sequence valve
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Modulators. A modulator is used in conjunction with the anti-skid unit in a brake system. It
allows full flow to the brake units on initial brake application, and thereafter a restricted flow.

Flow Control Valves. A flow control valve may be fitted in a hydraulic system to maintain a
constant flow of fluid to a particular component; it is frequently found upstream of a hydraulic
motor which is required to operate at a constant speed.

Fuses. Modern jet aircraft are dependent on their hydraulic systems, not only for raising and
lowering the landing gear, but for control system boosts, thrust reversers, flaps, brakes, and
many auxiliary systems. For this reason most aircraft use more than one independent system;
and in these systems, provisions are made to fuse or block a line if a serious leak should occur.

Of the two basic types of hydraulic fuses in use, one operates in such a way that it will shut off
the flow of fluid if sufficient pressure drop occurs across the fuse.

A second type of fuse, does not operate on the principle of pressure drop, but it will shut off
the flow after a given amount of fluid has passed through the line.

Normal operation of the unit protected by this fuse does not require enough flow to allow the
piston to drift completely over and seal off the line. If there is a leak, sufficient fluid will flow
that the piston will move over and block the line. Wheel brakes are invariably protected by fuse
units.

Instrumentation

Indication of system condition and functioning is required in the cockpit or flight deck. Light
aircraft utilize some form of warning lamp, indicating the operation of the electric (pump)
motor in addition to undercarriage and flap warning lights or indicators. Larger aircraft will
have the means of indicating contents (U/C), pressure and temperature of the system and,
generally, varying means of dealing with abnormal operating conditions.

70



Basic Hydraulics

HYDRAULIC SYSTEM
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Figure 2.26 A hydraulic system control panel
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YELLOW

Figure 2.27 An ECAM hydraulic system page

The diagram above shows an electronic display from an Airbus aircraft displaying the hydraulic
system configuration and indications. Three separate systems can be seen along with relevant
valve positions, quantity, pump status and pressures. The accumulator for the ‘green’ system is
showing a low air pressure caption.

Quantity Indicators. A clear window fitted
in the reservoir provides a means of checking

fluid level during servicing, but the reservoir » B

may also be fitted with a float-type contents v, | 1 m

unit, which electrically signals fluid quantity /
to an instrument on the hydraulics panel in ’

the crew compartment.

Pressure Relays. A pressure relay is a
component which transmits fluid pressure to a
direct reading pressure gauge, or to a pressure
transmitter which  electrically indicates
pressure on an instrument on the hydraulics
panel (See Figure 2.28).

Pressure Gauges. Electrically operated
pressure gauges are fitted on the hydraulics
panel, to register main and emergency system
pressure. Direct reading gauges are often
fitted to the accumulators and reservoirs, to
enable servicing operations to be carried out.

Figure 2.28 Pressure relays
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Pressure Switches. Pressure switches are often used to illuminate a warning lamp, and to
indicate loss of fluid pressure, or loss of air pressure in a reservoir.

Flow Indication. A flow indicator valve is often fitted in the outlet line from a constant delivery
pump, and is used to provide warning of pump failure.

Temperature Indication. Warning of fluid overheating is normally provided by a temperature
sensing element in the reservoir. Warning of overheating of electrical motors which are used
to operate emergency pumps, is normally provided by fitting a similar element in the motor
casing.

Components for Servicing Purposes

A number of components are included in the hydraulic system specifically to facilitate servicing.
These components are normally located in the hydraulic equipment bay.

Quick-disconnect and Ground Servicing Couplings. In positions where it is necessary to
frequently disconnect a coupling for servicing purposes, a self-sealing, quick-disconnect
coupling is fitted. The coupling enables the line to be disconnected without loss of fluid, and
without the need for subsequent bleeding.

Pressure Release Valves or Off Load Controls. These are fitted to enable pressure to be
released from the system for servicing purposes. The valves are manually operated, and used
prior to checking and setting pre change pressures or reservoir levels.

Drain Cocks (valves). Drain cocks (valves) are generally simple manually operated spherical
valves, and are located in the hydraulics bay at the lowest point in the system to enable the
fluid to be drained.

Shut-off Valves. These are fitted at the engine bulkhead (firewall) and will enable the fluid
supply to the engine driven pumps to be stopped in the event of engine fire or component
replacement. They are usually spherical ball cocks,(valves) which allow unrestricted flow when
open.

Bleed Points. Air in the system causes loud bangs and erratic operation. Bleed points are
provided throughout the system to allow air to be removed.

Fluid Sampling Points. Fluid sampling points are suitably positioned in the suction and pressure
lines, to enable samples of fluid to be removed for analysis. Overheated fluid will appear darker
than normal. A “milky” appearance indicates water.

Powered Flying Controls

Sub-system. A hydraulic sub-system for the operation of the flying controls, is often fed through
a priority valve or pressure maintaining valve, which ensures that fluid under pressure is always
available; the sub-system may also have a separate accumulator. Most modern aircraft will have
alternate hydraulic supplies available for flight controls. Two, three or even four independent
hydraulic systems can simultaneously supply power for primary flying controls.

A complete system is shown in Figure 2.29 and Figure 2.30, overleaf. The position and purpose
of the major components are illustrated.
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High Pressure Pneumatic Systems

High pressure pneumatic systems are not generally used on modern transport aircraft as large
components such as landing gear are raised and lowered more efficiently by hydraulic power.
However these systems are still in use on aircraft such as the F.27. Compressed air has some
advantages over other systems e.qg.

* Airis universally available and is FREE.

* Air is lighter than hydraulic fluid.

* No fire hazard.

* No viscosity problems with changes of temperature.

* The system is lighter because no return lines are required

The major disadvantage of air is its compressibility.

The diagram shown in Figure 2.31, depicts the high pressure, closed centre system used on the
F.27. The four stage compressor is driven from the accessory gearbox of the turboprop engines.
The unloading valve ensures that the system pressure is maintained at 3300 psi. A shuttle valve
enables the system to be charged from an external source.

Two components provide protection against the possibility of water freezing in the system:

* A moisture separator, which removes 98% of the water present in the air.

* Adryer which removes the remaining water using a desiccant such as silica gel or anhydrous
aluminium silicate.

A 10 micron filter ensures that the air is clean before it enters the system. Three air bottles
(reservoirs, accumulators) are provided to store the HP air ready for instant use. The 750 cubic
inch for the main system, a 180 cubic inch for the brakes and a 180 cubic inch for emergency
use. Most of the components operate with a pressure of 1000 psi, so the air is passed through
a reducing valve before being used by the landing gear, passenger door, nose wheel steering
and propeller brake.
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Questions

Questions

1.

A force of 100 N is applied to 2 separate jacks, the area of one is 0.02 m? and the
other is 0.04 m*

a the smaller jack will exert a pressure of 2000 Pa and the larger 4000 Pa
b. the smaller jack will exert a pressure of 5000 Pa and the larger 2500 Pa
d both jacks will move at the same speed
d both have the same load

A pre charge pressure of 1000 bar of gas is shown on the accumulator gauge. The
system is then pressurized to 1500 bar, so the accumulator will read:

a. 500 bar

b. 1000 bar
d 1500 bar
d 2500 bar

The pressure gauge of a hydraulic system provides information regarding the
pressure of:

the air in the accumulator

the air and hydraulic fluid in the system
the proportional pressure in the system
the hydraulic fluid in the system

an oo

A shuttle valve:

a. is used to replace NRVs

b. allows two supply sources to operate one unit
C. allows one source to operate two units

d. acts as a non-return valve

Def. Stan 91/48 is and is based:

a. red, mineral

b. red, synthetic

C. green, mineral

d. purple, synthetic

A restrictor valve:

a. is used to restrict the number of services available after loss of system pressure
b. controls the rate of movement of a service

C. controls the rate of build-up of pressure in the system

d. controls the distance a jack moves

With a hyd lock there is:

a flow, but no jack movement

b. no flow but jack continues to move under gravitational effects
d no flow, jack is stationary

d constant flow
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10.

1.

12.

13.

14.

15.

The hydraulic fluid is changed, but the wrong fluid is replaced. This would lead to:

high operating fluid temperature

a rise in the reservoir fill level
normal operation, it does not matter which fluid is used

op oo

Accumulator floating piston:

pushes the fluid up when being charged
pushes the fluid down when being charged
provides a seal between the gas and fluid
prevents a hydraulic lock

op oo

A relief valve:

relieves below system pressure

maintains pressure to a priority circuit

relieves at its designed pressure

prevents excessive pressure through increased fluid temperature

op oo

The primary purpose of a hydraulic reservoir is:

to compensate for leaks, displacement and expansion
to allow a space into which spare fluid may be stored

to indicate system contents

to maintain fluid between a jack and the accumulator

op oo

With air in the hydraulic system you would:

ignore it because normal operation would remove it
bleed the air out of the system

allow the accumulator to automatically adjust itself
expect it to operate faster

op oo

The pressure filter in a hydraulic system:

filters the fluid returning to the tank

is fitted down stream of the pump

can be by passed when maximum flow is required
clears the fluid as it leaves the reservoir

op oo

Pascal’s law states that:

pressure is inversely proportional to load

liquid is compressible

oxygen can be used to charge the accumulators
applied force acts equally in all directions

op oo

A constant pressure hydraulic pump is governed by:

an automatic cut-out

engine RPM

a control piston

a swash plate that senses the fluid temperature

op oo

system failure from leaks and blocked filters, high temp and possible corrosion

79

w
c
2
=}
wn
]
S
(o4



suoisand i

Questions

16.

17.

18.

19.

20.

21.

22,

23.

A high pressure hydraulic pump:

needs a positive fluid supply

does not need a positive fluid supply

outlet pressure is governed by centrifugal force
does not need a cooling fluid flow

anoTo

Case drain filters are:

a. fitted to prevent debris from the reservoir reaching the system

b. designed to allow hydraulic pump lubricating fluid to drain to atmosphere
C. to enable pump lubricating fluid to be used to monitor pump condition
d. fitted in the reservoir outlet

The purpose of an accumulator is to:

relieve excess pressure

store fluid under pressure

store compressed gas for tyre inflation
remove air from the system

anoTo

With a one way check valve (NRV):

a. flow stops when input pressure is greater than output pressure
b. flow stops when the thermal relief valve off loads the hand pump
C. flow starts when input pressure is less than output pressure
d. flow stops when input pressure is less than output pressure

A restrictor valve is physically fitted in the:

U/C up line and flap up line

U/C down line and flap up line

U/C down line and flap down line

supply line to the U/C retraction actuator

anoTo

In the case of a failure of a cut-out valve:

a full flow relief valve is fitted down stream of it

a full flow relief valve is fitted upstream of it

a full flow relief valve is not required

the terminal pressure will be controlled by adjusting the pump rpm

anoTo

Hydraulic pressure of 3000 Pa is applied to an actuator, the piston area of which is
0.02 m? and the same pressure is exerted on actuator whose area is 0.04 m*:

both have the same force

both jacks will move at the same speed

the smaller jack will exert a force of 600 N and the larger 1200 N
the smaller jack will exert a force of 60 N and the larger 120 N

anoTo

A separator in an accumulator:

isolates the gas from the fluid

reduces the size of the accumulator required
removes the dissolved gases from the fluid
maintains the fluid level in the reservoir

anoTo
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24,

25.

26.

27.

28.

29.

30.

In an operating hydraulic actuator the pressure of the fluid will be:

a.
b.

C.

d.

greatest near to the actuator due to the load imposed on the jack

greatest at the opposite end to the actuator due to the load imposed on the
actuator

high initially, falling as the actuator completes its travel

the same at all points

The contents of the hydraulic fluid reservoir are checked. They indicate that the
reservoir is at the full level. The system is then pressurized. The contents level will:

a.
b.
C.
d

fall below the “full” mark

fall to a position marked “full accs charged’
remain at the same level

rise above the “full” mark

A pressure maintaining or priority valve:

onoo

enables ground operation of services when the engines are off

is used to ensure available pressure is directed to essential services

is used to control pressure to services requiring less than system pressure
is used to increase pressure in the system

A hydraulic lock occurs:

onpoo

when the thermal RV operates

when fluid by passes a system and returns to the tank

when flow is stopped and the actuator is not able to move

when fluid and air enters the cylinder and only fluid is allowed to bypass to
the reservoir

In an enclosed system pressure is felt:

onpoo

more at the piston head than the rest of the cylinder

more at the cylinder end than the piston head

more when the piston is moving than when it is stationary

the same at both ends between the piston and the cylinder head

A non-return valve:

onpoo

can only be fitted if provided with a by-pass selector
closes if inlet pressure exceeds outlet pressure
opens if inlet pressure equals outlet pressure

closes if inlet pressure ceases

Low gas pressure in accumulator causes:

onpoo

rapid jack movements

no effect on system

rapid pressure fluctuations while system is operating
rapid and smooth operation of system
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31. Hammering in system:

is normal and does not affect the system’s efficiency
is caused by pipe diameter fluctuations

is an indication that a further selection is necessary
is detrimental to the system

suoi3sand i
o N oTw

32. The specification of hydraulic fluids, mineral, vegetable or ester based is:
a. always distinguishable by taste and smell
b. generally distinguishable by colour
C. generally distinguishable by colour only if they are from the same
manufacturer
d. cannot be distinguished by colour alone

33. An ACOV will:

provide an idling circuit when a selection is made

extend the life of the accumulator

provide an idling circuit when the accumulator is fully charged
ensure the pump is always on load

anoTo

34. The purpose of a hydraulic fuse is to:

a. allow the parking brake to remain on overnight if required
b. allow a reduced pressure to the wheel brake system to prevent the wheels
locking
C. prevent over pressurizing the reservoir as altitude increases
d. prevent total loss of system fluid if the brake pipeline is ruptured
35. A shuttle valve will allow:
a. the accumulator to be emptied after engine shut down
b. the pressure pump to off load when the system pressure is reached
C. two independent pressure sources to operate a system/component
d. high pressure fluid to return to the reservoir if the Full Flow Relief Valve fails
36. The purpose of a reservoir is to:
a. compensate for temperature changes
b. compensate for small leaks, expansion and jack displacement
C. compensate for fluid loss
d. minimize pump cavitation
37. When the hydraulic system pressure is released:
a. reservoir air pressure will increase
b. reservoir fluid contents will rise if reservoir is lower than other components in
the system
C. reservoir fluid contents will fall if reservoir is the highest point in the system
d. reservoir contents are dumped overboard
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38.

39.

40.

41.

42,

43,

44,

45.

Hydraulic pressure in a closed system:

is greater in pipes of larger diameters

is greater in pipes of smaller diameters

does not vary with pipe diameter

varies in direct proportion to the system demands

op oo

Skydrol hydraulic fluid:

needs no special safety precautions or treatment

is flame resistant but is harmful to skin, eyes and some paints
is highly flammable and harmful to skin, eyes and some paints
is highly flammable but not harmful in any other way

op oo

Skydrol hydraulic fluid can be used to replenish:

any hydraulic system without restriction

hydraulic systems that have butyl rubber seals only
any hydraulic system in an emergency

hydraulic systems that have neoprene seals only

op oo

A variable displacement pump on system startup will be at:

minimum stroke

an optimized position depending on fluid viscosity
maximum stroke

mid stroke

op oo

The purpose of a reservoir is:

a. to provide a housing for the instrument transmitters

b. to enable the contents to be checked

C. to allow for fluid displacements, small leaks, thermal expansion and contents
monitoring

d. to provide a housing for the main system pumps and so obviate the need for

backing pumps
Hydraulic Thermal Relief Valves are fitted:

to release all the pressure back to return in an overheat situation

to release half the pressure back to return in an overheat situation

to relieve excess pressure back to the actuator in an overheat situation

in isolated lines only to relieve excess pressure caused by temperature rises

op oo

A main system hydraulic pump:

a. does not need a positive fluid supply if primed before startup

b. always needs a positive fluid supply in order to prevent cavitation
C. does not need a positive fluid supply in order to prevent cavitation
d. can be run dry without causing any damage

Different diameter actuators supplied with the same pressure at same rate:

exert the same force

will lift equal loads

will move at the same speed
exert different forces

op oo
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46.
e
:
47.
48.
49.
50.

A force of 1500 N is applied to a piston of area 0.002 m* and generates a force of—
-(1)—non a piston of area 0.003 m’. The pressure generated is —(2)— and, if the
smaller piston moves 0.025 m, the work done is —(3)—.

a. (1)56.25J  (2) 750000 Pa (3) 750000 N
b. (1) 750000 N (2)2250P  (3) 56.25)

c (1) 225 N (2) 75000 Pa (3) 562.5J

d (1)2250 N (2) 750000 Pa (3) 37.5 J

The following statements relate to hydraulic accumulators. The function of an
accumulator is to:

Store fluid under pressure

Dampen pressure fluctuations

Allow for fluid expansion

Replace the need for a reservoir

Absorb some of the landing loads

Allow for thermal expansion

Prolong the period between pump cut-in and cut-out

Provide the initial pressure when a selection is made and the pump is cut-out
Provide an emergency reserve of pressure in the event of pump failure

wWoNSOUVR_WN=

Which of the following applies?

All of the statements are correct

None of the statements are correct
Statements 1, 2, 3, 4, 5, 8 and 9 are correct
Statements 1, 2, 3, 6, 7, and 9 are correct

anoTo

The seal materials used with hydraulic fluids to DEF/STAN 91-48 and SKYDROL 700
specification are respectively:

a natural rubber and neoprene
b. neoprene and natural rubber
C butyl and neoprene
d neoprene and butyl

To prevent cavitation of the pump a hydraulic reservoir may be:

pressurized
bootstrapped
above the pump
all of the above

anoTo

A hand pump is usually fitted for:

ground servicing purposes

lowering the landing gear in an emergency
pressurizing the oleo struts in the air
retracting the gear after take-off

anoTo
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Answers

Answers

1 2 3 4 5 6 7 8 9 10 11 12
b 4 d b a b b C a b
13 14 15 16 17 18 19 20 21 22 23 24
b d C a C b d a a d a d
25 26 27 28 29 30 31 32 33 34 35 36
a b C d d C d d C d C b
37 38 39 40 4 42 43 44 45 46 47 48
b d b b C C d b d d d d
49 50

d a
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Landing Gear

Introduction
The functions of the landing gear are:

* To provide a means of manoeuvring the aircraft on the ground.

* To support the aircraft at a convenient height to give clearance for propellers and flaps, etc.
and to facilitate loading.

Landing Gear !

* To absorb the kinetic energy of landing and provide a means of controlling deceleration.

Landing Gear Design

Once airborne, the landing gear serves no useful purpose and is dead weight. It would be
ideal to replace it with some ground based equipment, but while in the first two cases above
this may be possible, no satisfactory alternative exists for the third case. For this reason a vast
amount of research has gone into the design of undercarriage units in order to reduce their
weight and stowed volume when retracted.

Landing Gear Types - Fixed or Retractable

With slow, light aircraft, and some larger aircraft on which simplicity is of prime importance,
a fixed (non-retractable) landing gear is often fitted, the reduced performance caused by the
drag of the landing gear during flight is offset by the simplicity, reduced maintenance and low
initial cost. With higher performance aircraft, drag becomes progressively more important,
and the landing gear is retracted into the wings or fuselage during flight, there are, however,
penalties of increased weight, greater complication and additional maintenance.

Fixed Landing Gear

There are three main types of fixed landing gear, those which have a spring steel leg, those
which employ rubber cord to absorb shocks, and those which have an oleo-pneumatic strut to
absorb shocks. Exceptions include aircraft with rubber in compression, spring coil, and liquid
spring struts.

Spring Steel Legs. Spring steel legs are usually employed at the main undercarriage positions.
The leg consists of a tube, or strip of tapered spring steel, the upper end being attached by
bolts to the fuselage and the lower end terminating in an axle on which the wheel and brake
are assembled.

Rubber Cord. When rubber cord is used as a shock-absorber, the undercarriage is usually in
the form of tubular struts, designed and installed so that the landing force is directed against
a number of turns of rubber in the form of a grommet or loop.
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Oleo-pneumatic Struts. Some fixed main undercarriages, and most fixed nose undercarriages,
are fitted with an oleo-pneumatic shock absorber strut. The design of individual struts varies
considerably, but one point worthy of consideration is the fitting of spats to oleo-pneumatic
strut. Spats are an aerodynamic fairing which may be required to minimize the drag of the
landing gear structure. One drawback to their use is the problem of them picking up mud
when landing or taking off from grass airfields. This can add considerably to the weight of the
aircraft and may affect take-off performance. To avoid this eventuality, if any mud has been
picked up, the spats must be removed, cleaned and replaced before the next take-off.

FLUID FILLER
¢PLUGS

EXTENSION OF THE
LEG CAUSES THE
FLUTTER VALVE TO
RISE, RESTRICTING
THE FLOW OF THE
FLUID

FLUTTER

SEALING

PISTON

UPPER
SEALING - &— TORQUE
RING LINK
LOWER
CYLINDER LOWER
TORQUE
| — LINK
GAS
INFLATION AXLE
VALVE

Figure 3.1 An oleo-pneumatic strut
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Construction of Oleo-pneumatic Struts

Figure 3.1. shows the construction of a simple oleo-pneumatic strut, in this instance a nose
undercarriage which also includes a steering mechanism. The outer cylinder is fixed rigidly
to the airframe structure by two mounting brackets, and houses an inner cylinder and a
piston assembly, the interior space being partially filled with hydraulic fluid and inflated with
compressed gas (air or nitrogen). The inner cylinder is free to rotate and move up and down
within the outer cylinder, but these movements are limited by the torque links, (scissor-links)
which connect the inner cylinder to the steering collar. The steering collar arms are connected
through spring struts to the rudder pedals, and a shimmy damper is attached to the steering
collar.

Oleo-pneumatic Strut Operation

* Under static conditions the weight of the aircraft is balanced by the strut gas pressure and
the inner cylinder takes up a position approximately midway up its stroke.

* Under compression (e.g. when landing), the strut shortens and fluid is forced through the
gap between the piston orifice and the metering rod, this restriction limiting the speed of
upward movement of the inner cylinder.

* As the internal volume of the cylinders decreases, the gas pressure rises until it balances the
upward force.

e As the upward force decreases, the gas pressure acts as a spring and extends the inner
cylinder. The speed of extension is limited by the restricted flow of fluid through the orifice.

* Normal taxiing bumps are cushioned by the gas pressure and dampened by the limited flow
of fluid through the orifice.

* Movement of the rudder pedals turns the nose wheel to facilitate ground manoeuvres, the
spring struts being provided to allow for vertical movement of the nose wheel, and prevent
shocks from being transmitted through the rudder control system.

NOTE: Evidence of strut gas pressure leakage will be given by the strut not extending as far as
it should, uneven amounts of Fescalized metal showing on each main gear. Fescalized metal is
the shiny material which forms the hard outer coating of the strut.

91

Landing Gear !



aean guipue i

Landing Gear

Retractable Landing Gear

The majority of modern transport aircraft, and an increasing number of light aircraft, are fitted
with a retractable landing gear, for the purpose of improving aircraft performance.

Retraction is normally effected by a hydraulic system, but pneumatic or electrical systems are
also used. In some instances power is used for retraction only, extension being effected by
gravity and slipstream. Retractable landing gear is also provided with mechanical locks to
ensure that each undercarriage is locked securely in the retracted and extended positions;
devices to indicate to the crew the position of each undercarriage; and means by which the
landing gear can be extended in the event of failure of the power source.

In addition, means are provided to prevent retraction with the aircraft on the ground, and to
guard against landing with the landing gear retracted. Undercarriage wells are normally sealed
by doors for aerodynamic reasons.

Design and Construction of Retractable Gear

The geometrical arrangement and physical location of undercarriage units on aircraft is by no
means standard.

The type, size and position is decided at the design stage, having already taken into account
the many factors that must be considered.

There are two main types of landing gear. Nose wheel, which are often referred to as tricycle
and tail wheel aircraft that are also called tail draggers

Most aircraft use the “tricycle layout”, where the two main undercarriage units are positioned
just aft of the C of G and support up to 90% of the aircraft’s weight and all initial landing
shocks.

The nose wheel unit keeps the aircraft level, and in most cases also provides a means of steering.
One advantage that the “tricycle” gear has over the “tail dragger” type is that there is no
danger of it tipping over onto its nose while taxiing in a strong tail wind and also that there is
much less danger of it ground looping.

Factors Affecting Design and Construction
Of the many factors taken into consideration, the main ones are listed below:

* Size of aircraft.

* Weight of aircraft.

* Role of aircraft.

* High or low wing.

* Performance.

* Construction of aircraft and associated stowage problems.
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Other Factors

Modern concepts of aircraft design have been greatly influenced by the need to keep the cost
down and the requirements for them to be multi-role. Dual freight and passenger carrying
roles have resulted in the high wing monoplane type where the floor of the aircraft needs to
be as close to the ground as possible for ease of freight loading.

However, with some wings being as high as 20 feet off the ground, it became impossible to

build an undercarriage of sufficient strength to reach that far, so the modern trend has been
to incorporate the main undercarriage in the fuselage.

Underwing Landing Gear Units

For aircraft with the standard underwing fitted undercarriage, an example is shown in Figure
3.2, the units comprise basically:

* Aleg, pin-jointed to the aircraft structure.

* A wheel(s).

* A means of absorbing landing shocks.

* A means of controlling deceleration of the aircraft.

* A means to withstand turning and braking stresses

* Large aircraft (Boeing 747) have the ability to turn part of the main gear to assist with

steering during tight turns by reducing the turning radius. When the nose wheels are turned
the main wheels turn in the opposite direction
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Lock Stay

Shortening Mechanism Downlock
Actuator
Retraction Actuator ——— | Downlock
Springs
MainOleoleg——— || ks ide Stay Assembly

Pitch Trimmer

Torque Sliding
Links Rod
Bogie Beam

Brake Bar

Figure 3.2 A wing mounted landing gear assembly

Fuselage Mounted Landing Gear

For aircraft with the undercarriage built into the fuselage, the requirements are basically the
same as those for the wing mounted landing gear, except that:

e With no geometric lock available, provision has to be made for locking the undercarriage
up and down.

e Depending on wheel layout, each wheel may require its own shock absorber unit, and
possibly even a steering motor.

e Ease of access to the undercarriage in flight allows manual lowering of the undercarriage in
emergency.

Loads Sustained by the Landing Gear

An undercarriage unit has to withstand varying loads during its life. These loads are transmitted
to the mountings in the aircraft structure, so these too must be very strong. The loads sustained
are:

* Compressive (static and on touchdown).

* Rearward bending.

* Side (during crosswind landings, take-offs, and taxiing).
* Forwards (during push back).

* Torsional (ground manoeuvring).

94



Landing Gear

Nose Undercarriage

A nose undercarriage unit, like the one shown in Figure 3.3, is usually a lighter structure than
a main unit since it carries less weight and is usually subject only to direct compression loads. It
does, however, carry the attachment for the towing equipment and so must withstand shear
loads as well. Its design is complicated by several requirements:

e Castoring.

¢ Self-centring.

e Steering.

¢ Anti-shimmy.

* Withstand shear loads.

Landing Gear !

Retraction
Actuator

Lock
Stay

Downlock Actuator

N/WS Steering Mechanism

Actuator

Figure 3.3 A nose landing gear

Castoring

To enable the aircraft to be manoeuvred about the airfield the nose wheel must castor freely
though subjected to compression and shear loading, which presents a problem in the bearing
design.

Castoring is the ability of the nose wheel to turn to either side in response to the results of
differential braking or aerodynamic forces on the rudder.
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Self-centring

Automatic self-centring of the nose wheel is essential prior to landing gear retraction. If the
nose gear is not in a central position prior to its retraction, the restricted space available for its
stowage will not be sufficient and severe damage may be caused to the aircraft structure as the
hydraulic system forces the gear upwards.

Centring is achieved by either a spring loaded cam or a hydraulic dashpot.

Nose Wheel Steering

A method of steering is required to enable the pilot to manoeuvre the aircraft safely on the
ground. Early methods involved the use of differential braking.

Powered steering using hydraulic systems are now common to most large commercial aircraft,
allowing the engines to be set at the minimum thrust for taxiing, thereby saving fuel, an
important consideration with large jet engines.

This method of steering is more accurate and also reduces tyre and brake wear and noise
pollution.

To allow free castoring of the nose undercarriage when required, e.g. towing, a bypass is
provided in the steering system hydraulics to allow fluid to transfer from one side to the other.
When steering is selected this bypass is closed by hydraulic pressure.

Steering is controlled, depending on the type of aircraft, by:

* A separate steering wheel.
* Operation of rudder pedals.

Incorporated in the steering system are:

e Self-centring jack.
e Shimmy damper.

Power Steering Systems

Although light aircraft use a simple steering system, where the nose wheel is mechanically
linked to the rudder pedals, larger aircraft require powered steering arrangements. Within a
power steering system, the nose wheel is rotated by electric, pneumatic, or most commonly,
hydraulic power.

This last type of system would include a cockpit steering wheel or tiller, a control valve, steering
cylinders to turn the nose gear, a mechanical feedback device to hold the steering at the
selected angle and a power source, normally the aircraft hydraulic supply fed from the engine
driven pumps.
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Nose Wheel Steering Operation

Normal nose wheel steering operating pressure is derived from the undercarriage ‘down’ line,
and a limited emergency supply is provided by a hydraulic accumulator. In the system shown
in Figure 3.4, hydraulic pressure passes through a change-over valve, which ensures that the
steering system is only in operation when the nose undercarriage is down.

Landing Gear !

Steering Operation. Pressure is directed through the control valve to the steering jacks, which
retract or extend to rotate the nose shock absorber strut within its housing. Movement of the
steering wheel is transmitted through mechanical linkage to the control valve, in accordance
with the amount and direction of turn required.

DOWN
LINE
PRESSURE PRESSURE
GAUGE

AIR
CHARGING
VALVE [ | CHANGE-OVER VALVE

ACCUMULATOR

SHUTTLE VALVE

EMERGENCY
HYDRAULIC
PRESSURE

CONTROL VALVE

RETURN

BYPASS VALVE

UP-LINE PRESSURE
-

STEERING CYLINDER

CENTRING CYLINDER

NOSE WHEEL STRUT CENTRING RAM

Figure 3.4 The hydraulic layout of a typical nose wheel steering system

A follow-up linkage from the nose undercarriage gradually resets the control valve as the nose
wheel turns. When the steering wheel is released, the control valve returns to neutral under
the action of its centring springs, and the nose wheel is free to castor.

Self-centring operation. An inner cylinder in each steering jack is connected to the landing
gear ‘up’ line and is supplied with fluid under pressure when the landing gear is selected up.
The steering jacks extend equally to centralize the nose wheel before pressure is applied to the
nose retraction jack, and the bypass valve allows fluid from the steering jacks to flow to the

return line.
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Castoring. Whenever the control valve is in its neutral position, fluid is free to flow between
the steering jacks, thus allowing the aircraft to be towed, or the nose wheel to return to the
central position after a turn has been initiated with the steering wheel. Angular movement of
the nose wheel during towing will be transmitted through the follow-up linkage to the steering
wheel.

Some form of quick-release pin is often provided to enable the steering jacks to be disconnected
so that the nose wheel may be turned through large angles during ground servicing.

Damping. Restrictors in the pipelines between the control valve and the steering jacks provide
damping for the nose wheel steering operation.

Nose Wheel Shimmy

Due to the flexibility of tyre side walls, an unstable, rapid sinusoidal oscillation or vibration
known as shimmy is induced into the nose undercarriage.

Excessive shimmy, especially at high speeds, can set up vibrations throughout the aircraft and
can be dangerous.

Worn or broken torque links, wear in the wheel bearings and uneven tyre pressures can all
increase the tendency to shimmy.

Shimmy can be reduced in several ways:

e Provision of a hydraulic lock across the steering jack piston.
 Fitting a hydraulic damper.

 Fitting heavy self-centring springs.

* Double nose wheels.

* Twin contact wheels.

Undercarriage Configuration

The increase in size and all up weight (AUW) of modern aircraft has led to an increase in wheel
loading; this is defined as the static load on each wheel of the landing gear at aircraft take-off
weight. Since the main undercarriage carries a large proportion of the aircraft weight, main
wheels are the greatest problem. Wheel loading, in Ib/unit area, has a direct bearing on the
type of surface from which the aircraft can operate, thus the role of the aircraft directly affects
the undercarriage configuration. An aircraft with a high wheel loading would damage the
surface of a low strength runway.

As it is very expensive to strengthen the very long runways required for modern transport
aircraft, undercarriages which confer low wheel loadings are in considerable use. These replace
large single wheels using high pressure tyres with a number of small wheels using low pressure
tyres: the larger aircraft (B747, B777 and A340) may have 10 to 18 wheels in their landing gear.
More than two main legs may be provided to spread the load, wing and body gear on a 747,
777 and A340 for example.

The actual configuration chosen for the aircraft is determined by the problem of stowage
when retracted as well as the load spreading consideration.
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Multi-wheeled units have advantages other than just reduction of wheel loading. These are:

e Weight. The greater the number of wheels, the lighter the unit can become as the wheels
are smaller. This point is hard to prove, since with the size of today’s modern aircraft, a single
wheel unit would be impracticable anyway.

* Ease of Servicing. Although the whole unit is more complex, the changing of wheels or
brake units is easier than on a single wheel U/C and individual components are much nearer
the ground.

* Greater Safety Factor. In the event of a burst tyre there will be one or more serviceable
wheels remaining to carry the load.

* Ease of On Board Stowage. Multi-wheel units are easier to stow, however, most
undercarriages are designed to fit in the space available. The thickness of the wing plays a
big part, thin wings mean that specially designed folding and swivelling bogies have to be
used, which in turn escalates the costs and makes general routine servicing more complex.
Some aircraft tend to have their U/C as part of the fuselage, thus easing the design problem,
and allowing the gear to be raised and lowered vertically.

The main disadvantage of multi-wheel bogie units is that they have a large footprint area,
which causes the unit to crab whilst turning. Due to this unfortunate side effect, the turning
radius has to be increased with the resultant manoeuvring problems on the ground.

Tyre wear caused by scrubbing also occurs because the forces applied to the tread are
considerable, and the smaller the radius of the turn the greater are these forces. The tread of
the tyre becomes torn and can split to expose the casing fabric.

To minimize this occurrence it is recommended that the aircraft be manoeuvred on the ground
using the largest turning circle possible, tight turns are to be avoided if at all possible and the
aircraft should be moved in a straight line for a short distance before stopping.

Landing Gear Operation on Contaminated Runways

Problems have occurred on aircraft which have taken off from runways contaminated with
slush, a mixture of water, wet snow and ice. It has been found, on more than one occasion,
that because of slush deposited on the gear during the take-off run freezing in the landing
gear bay during the climb and cruise, the crew have been unsuccessful in lowering the gear
upon arrival at their destination.

If it is absolutely essential that you take off in such poor conditions, then you are advised
to cycle the gear just after take-off, selecting the gear UP, DOWN, and then UP again. Itis
considered that the shocks inflicted on the gear during this cycle should be sufficient to remove
any deposits from it.
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A Hydraulic Gear Retraction System

A hydraulic system for retracting and extending a landing gear normally takes its power from
engine driven pumps, alternative system being available in case of pump failure. On some light
aircraft a self-contained ‘power pack’ is used, which houses a reservoir and selector valves for
the landing gear and flap systems; an electrically driven pump may also be included, or the
system may be powered by engine driven pumps. This type of system normally provides for
powered retraction of the landing gear, extension being by ‘free-fall’, with the assistance of
spring struts.

System Retraction
Operation of the system is as follows:-

Figure 3.5. When the landing gear selector is moved to the ‘up’ position fluid is directed to the
‘up’ line and a return path is created for ‘down’ line fluid.

‘'Up’ line fluid flows to the Nose Landing Gear (NLG) Down (DN) Lock which is released.
Simultaneously fluid goes to the NLG Jack which retracts. Fluid is also ported through the
one way restrictor (Free Flow) to Sequence Valve 1 (SV1), where it waits for the Main Landing
Gear (MLG) downlock which releases and to the MLG Jack which extends and raises the Main
Undercarriage.
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When the nose undercarriage is fully retracted, it is retained in position by the NLG uplock
(Hydraulically Released-Spring Applied). As the MLG reaches full retraction it activates SV1,
which allows the supply of fluid to the Door Jack - which retracts, closing the Main Undercarriage
Door. Finally the MLG uplock (Hydraulically Released-Spring Applied) engages, locking the gear
up. (On some aircraft the selector valve is placed in the neutral position after the U/C is raised,
leaving the gear un-pressurized for the period of the cruise, so extending component life.)
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Figure 3.7 Initial movement when ‘gear down’ selected

UPLOCK

SELECTOR
TO PORT VALVE
NOSE LG

MAIN LG

SUPPLY msssssslls-
RETURN sl

-

DOWN

When the selector is moved to the ‘down’ position, fluid is directed to the NLG uplock, which
is released, and to the NLG Jack which extends and lowers the Nose Gear. At the same time
fluid is ported to Sequence Valve 2 (SV2), where it waits and to the Door Jack which will extend
to open the door. The door jack return fluid passes through SV1 and the One Way Restrictor
(Restricted Flow) which restricts the rate of fluid return acting as a door speed damper.
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Figure 3.8 The final movement of the gear being locked down
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When the door is fully open, it activates SV2 which allows fluid both to the MLG uplock, which
releases, and to the MLG Jack, which retracts and pulls the MLG into the down position.
Return fluid passes through the one way restrictor ( Restricted Flow ) the restriction acting as a
damper to the rate of undercarriage travel thus preventing damage to the U/C mountings etc.
Finally the MLG locks into place when it engages with the MLG downlock.

NOTE: Restrictor valves are normally fitted to limit the speed (rate) of lowering of the main
undercarriage units, which are influenced in this direction by gravity. The nose undercarriage
often lowers against the slipstream and does not need the protection of a restrictor valve.
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Figure 3.9 A simple pneumatic gear retraction system

A Pneumatic Retraction System

Operation of a pneumatic retraction system like the one shown in Figure 3.9, is similar to that of
a hydraulic system, except that pressure in the return lines is exhausted to atmosphere through
the selector valve.

Pressure is built up in a main storage cylinder by engine driven air pumps, and passes through
a pressure reducing valve to the landing gear selector valve. Operation of the selector valve to
the ‘UP’ position directs pneumatic pressure through the ‘up’ lines to the retraction rams, and
opens the down line to atmosphere.

Operation of the selector valve to the ‘DOWN’ position directs pneumatic pressure through a
second pressure reducing valve and the down lines, to the uplock rams and retraction rams.

NOTE: A low pressure is used for landing gear extension, for the same reason that restrictor
valves are used in hydraulic systems, which is to prevent damage occurring through too rapid
extension of the undercarriage units.

Retraction rams are usually damped to prevent violent movement. The hollow piston rod is
filled with oil or grease, which is forced through the space between the inner surface of the
piston rod and a stationary damper piston whenever the ram extends or retracts, thus slowing
movement.

Uplocks and downlocks are similar to those used with hydraulic systems, the geometric down-
locks being imposed by over-centring of the drag strut at the end of retraction ram stroke, and
the uplocks by spring-ram operated locks.
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Downlocks are released by initial movement of the retraction rams during retraction, and up-
locks are released by pneumatic pressure in the spring-rams during extension.

Undercarriage doors are operated mechanically, by a linkage on the shock absorber housing.

An Electrical Gear Retraction System

An electrical retraction system is often fitted to light aircraft which do not otherwise require
the use of a high pressure fluid system.

The main and nose undercarriage units are similar to those used in fluid retraction systems,
but push and pull forces on the retraction mechanism are obtained by an electric motor and
suitable gearing. Figure 3.10 illustrates a typical system, in which a single reversible electric
motor provides the power to retract and extend the landing gear.

Operation. The motor operates a screw jack, which provides angular movement to a torque
tube; a push-pull rod from the torque tube acts on the drag strut of the nose undercarriage,
and cables and rods from the torque tube act on the main undercarriage sidestays, rubber cord
being used to assist extension of the main undercarriage units.

MANUAL SELECTOR
RUBBER OPERATING SWITCH
CORD LEVER ==
FLEXIBLE /
CABLES screw Ll MOTOR

,‘ QU . Y \’
- —— g
IV el CLUTCH\
— ' \ I cEARBOX
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_
TUBE DRAG &
STUT [ )

Figure 3.10 A simple electrical gear retraction system

Downlocks are imposed by over-centring of the drag strut and sidestays during final movement
of the operating mechanism, with the assistance of springs. Limit switches on the drag strut
and sidestays cut off electrical power and brake the motor when the downlocks have engaged,
while a limit switch on the torque tube stops and brakes the motor when the landing gear is
fully retracted.

Undercarriage doors are operated by linkage to the shock absorber housings.
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Gear Position Indication

Although the landing gear, when selected down, may be visible from the crew compartment,
it is not usually possible to be certain that each undercarriage is securely locked.

An electrical indicating system is used to provide a positive indication to the crew of the
operation of the locks and of the position of the landing gear. The system usually consists of
microswitches on the uplocks and downlocks, which make or break when the locks operate,
and which are connected to a landing gear position indicator on the instrument panel.

A mechanical indicator may also be provided, to show that the landing gear is down and
locked when the electrical system is inoperative.

Typically, the electrical indication for undercarriage systems operates in such a manner that a
green light is displayed when the undercarriage is locked down, a red light is displayed when the
undercarriage is in transit, and no lights are visible when the undercarriage is locked up; bulbs
are usually duplicated to avoid the possibility of false indications as a result of bulb failures.

On other aircraft, similar indications may be obtained by the use of magnetic indicators or
lights, but on some light aircraft a single green light indicates that all undercarriages are locked
down, and an amber light indicates that all undercarriages are locked up.

Many large aircraft also have main gear door lock indicators to confirm the doors are locked in
their correct position.

The following diagrams show typical controls and indicators for an analogue and electronic
displays.
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EAR LANDING GEAR INDICATOR LIGHTS (GREEN)
ILLUMINATED - RESPECTIVE GEAR DOWN AND LOCKED
v
AP LANDING GEAR LEVER
N / - MECHANICALLY OPERATES CONTROL TO RAISE OR
D LOWER THE LANDING GEAR
I o - LEVER LOCK PREVENTS MOVEMENT UP WHEN AIRPLANE
IS ON THE GROUND
N F
G F
G D
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Q | OVERRIDE TRIGGER
- ALLOWS LANDING GEAR TO BE RAISED, BYPASSING
SOLENOID LOCK

Courtesy of the Boeing Company

Figure 3.11 Landing gear selectors and indicators
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Door and Gear Position Indicators
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Figure 3.12 An Airbus ECAM page

Gear Safety Features

Since the correct operation of the landing gear is of the utmost importance, a number of
safety features are included in the retraction system to ensure its correct operation under all
conditions.

Nose Wheel Centring

To avoid damage to the airframe structure, the nose wheel must always be aligned in a fore
(front) and aft (rear) direction during retraction, and a number of methods are used to ensure
that this happens automatically. One method already discussed on page 96, is hydraulic nose
wheel centring on aircraft with powered steering.

Gear Selector Lock

To prevent inadvertent retraction of the landing gear when the aircraft is resting on its wheels,
a safety device is incorporated which prevents movement of the selector lever. This safety
device consists of a spring-loaded plunger which retains the selector in the down position and
is released by the operation of a solenoid.

Electrical power to the solenoid is controlled by a switch mounted on the shock absorber strut
(part of the air\ground logic circuits).
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When the strut is compressed the switch is open, but as the strut extends after take-off, the
switch contacts close and the electrical supply to the solenoid is completed, thus releasing the
selector lever lock and allowing the landing gear to be selected up.

A means of overriding the lock, such as a separate gated switch to complete the circuit, or
a mechanical means of avoiding the locking plunger, is provided for emergency use and for
maintenance purposes. See Figure 3.11.

Ground Locks

Ground locks or landing gear locking pins are a further safety feature which is intended to
prevent collapse of the gear when the aircraft is unpowered on the ground.

They will usually consist of pins or metal sleeves which interfere unpowered with the operation
of the gear in such a way that it is impossible for the gear to move when they are in position.

They are fitted with warning flags which should prevent the crew from getting airborne with
them still in position on the gear. This can be prevented by ensuring that the ground locks are
removed before flight and stowed on board the aircraft and the flight crew are informed that
they have been removed and stowed safely on the aircraft.

Warning Devices

To guard against landing with the landing gear retracted or unlocked, a warning horn is
incorporated in the system and connected to a throttle operated switch.

If one or more throttle levers are less than approximately one third open, as would be the
case during approach to land, the horn sounds if the landing gear is in any position other than
down and locked.

A horn isolation switch is often provided to allow certain flight exercises and ground servicing
operations to be carried out without hindrance, but an airspeed switch is a definite advantage,
since unlike an isolation switch, it cannot be first used, and then forgotten, with perhaps
disastrous consequences. An airspeed switch can also be used to prevent the horn sounding
during initial descent from high altitude.

GPWS - Ground Proximity Warning System
The GPWS will be inhibited below 500 ft only if the gear is locked down and the flaps are in
the landing position.

For further information see the Warnings and Recording section in Book 5.

Landing Gear Operating Speeds

v

LO- . - - . .
V , is the Maximum Velocity (V) for Landing (L) gear Operation (O). Do not exceed this speed

while the landing gear is operating.

v

LE
V. is the Maximum Velocity (V) with Landing (L) gear Extended (E). Do not exceed this speed

with the landing gear extended.
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When the landing gear is fully retracted or fully extended it is locked into position and is
more resistant to damage from high airspeeds. When the landing gear is in the process of
extending or retracting (operating) there is no locking mechanism, and the only thing resisting
the airflow is the extension/retraction mechanisms. Additionally, on some aircraft, the landing
gear may swing or swivel in odd directions in order to tuck into their recesses, this can cause
odd aerodynamic behaviour in the rest of the aircraft if done at high speeds. Once the landing
gear is extended, it is rare that a pilot would then exceed V . Most of the time the landing gear
is lowered shortly before landing and the pilot is doing everything he can to slow the aircraft
further. However in the event that an aircraft had to be flown a long distance with the landing
gear extended (such as a ferry flight to a repair facility) the pilot would go ahead and fly V..

Emergency Lowering Systems

A means of extending the landing gear and locking it in the down position is provided to cater
for the eventuality of main system failure.

On some aircraft the uplocks are released mechanically or electrically by manual selection.
The landing gear ‘free falls’ under its own weight (gravity) and the downlocks are engaged
mechanically.

If the gear has been lowered by the ‘free fall' method, then it must be assumed that the main
source of power to the gear has failed, if this is the case, then because there is no power to
retract them after they have been released, the doors will remain open. The size of the
doors can prove a problem on some aircraft, because there is a chance that they will contact
the ground upon touchdown unless the landing is exceptionally gentle. Some aircraft have
doors fitted with a frangible portion at their lowest extent so that replacement problems are
minimized.

On other aircraft the landing gear is extended by an emergency pressure system which often
uses alternative pipelines to the jacks. Pressure for the emergency system may be supplied by a
hydraulic accumulator, a hand pump, a pneumatic storage cylinder, or an electrically powered

pump.

A Mechanical Indicator will be provided to indicate gear locked down.

Air/Ground Logic System

Inevitably there are systems of all types which need to be selected on or off in response to the
criterion of whether the aircraft is airborne or not.

This effect can be obtained by merely placing microswitches or the main landing gear oleos
so that their position will be changed when the weight of the aircraft compresses the oleo, or
alternatively, on take-off, when the weight of the wheel and bogie assembly extends the oleo.

On more modern aircraft, the use of microswitches has been superseded by proximity sensing
devices which work essentially in the same manner as the microswitches by deducing the
extension or retraction of the oleo by capacitive or inductive sensing equipment fitted to the
oleo.

Whichever system is used, a controlling signal will be sent to a relay or bank of relays, which in
themselves are capable of switching the affected circuits on or off as required.

Some aircraft use sensors on just one main landing gear oleo, but it is common to find the
sensors duplicated on both main oleos to provide a degree of redundancy in the system.
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Introduction

The wheels and tyres of an aircraft support it when on the ground and provide it with a means
of mobility for take-off, landing and taxiing.

The pneumatic tyres cushion the aircraft from shocks due to irregularities both in the ground
surface and occasionally, lack of landing technique.

The main wheels, and in some cases nose wheels, house brake units which control the movement
of the aircraft and provide a means of deceleration on landing.

Aircraft Wheels '

Aircraft Wheels
Loose Flange
Drive Block Lock Ring
; Inflation Valve
Qil Seal and
Housing
Location Ring
Body

Excluder
Locking Plate

Bearing Liner

‘O’ Ring

Figure 4.1 The loose flange wheel
Aircraft wheels are so designed as to facilitate tyre replacement. Wheels are classified as follows:

* Loose and detachable flange.
e Divided.
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Loose and Detachable Flange Wheel

Wheels of this type, see Figure 4.1, are made with one flange integral with the wheel body,
and the other loose and machined to fit over the wheel rim.

The difference between the loose flange type and the detachable flange type is the method by
which the removable flange is secured, the loose flange is retained by a locking device on the
wheel rim, and the detachable flange is secured to the wheel body by nuts and bolts.

A detachable flange may be a single piece, or two or three pieces bolted together.

The Divided Wheel (Split Hub)

The divided wheel consists of two half wheels, matched up and connected by bolts which
pass through the two halves, the bolts are fitted with stiff nuts, or, if one half of the wheel is
tapped, each bolt is locked with a locking plate.

In the wheel illustrated in Figure 4.2, the two halves are clamped together by bolts, nyloc nuts
and washers.

Seal

Nyloc
Nut

Piston

1wit]

"-"ﬂa. -

Fusible Plug

‘ !.‘:

Drive
Block

Inflation Valve

Figure 4.2 The divided wheel and a fusible plug

This wheel is designed to be used with a tubeless tyre. A seal, incorporated at the joint, prevents
abrasion between the two halves and provides an airtight joint.

When used with a conventional tyre, the wheel inflation valve is removed to enable the tube
inflation valve to be fitted through the rim.
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Prevention of Creep

When in service, the tyre has a tendency to rotate, creep (slippage) around the wheel (see
Chapter 5 - Aircraft Tyres). This creep, if excessive, will tear out the inflation valve and cause the
tyre to burst.

Creep is less likely to occur if the tyre air pressure is correctly maintained, but additional
precautions may be incorporated in the design of the wheel.

Methods of counteracting/monitoring creep are as follows:

e Knurled Flange. The inner face of the wheel flange is milled so that the side pressure of the
tyre locks the beads to the flange.

* Tapered Bead Seat. The wheel is tapered so that the flange area is of greater diameter
than at the centre of the rim. When the tyre is inflated, the side pressure forces the bead
outwards to grip the rim.

* Creep Marks. Creep can be detected by misalignment of two matched white lines one
painted on the wheel and one on the tyre.

Wheel Material

Aircraft wheels are either cast or forged, then machined and ground to the required finish.
They are made of:

e Aluminium alloy.
¢ Magnesium alloy - Electron.

After initial machining has been carried out, an anti-corrosive treatment is applied:

* Anodizing for aluminium alloy wheels.
* Chromate treatment for magnesium alloy wheels.
* A final finish using cellulose or epoxy resin paint is applied to each wheel.

Wheels for Tubeless Tyres

Wheels for tubeless tyres are similar in construction to non-tubeless but have a finer finish and
are impregnated with Bakelite to seal the material. ‘O’ ring seals are used between the parts
of the wheel to prevent leakage.

Unlike tubed wheels, the valve is built into the wheel itself and is thus not affected by creep
though creep may still damage the tyre.
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Fusible Plugs

Under extra hard braking conditions the heat generated in the wheel, tyre and brake assembly
could be sufficient to cause a tyre blowout, with possible catastrophic effect to the aircraft.

To prevent a sudden blowout fusible plugs are fitted in some tubeless wheels. These plugs are
held in position in the wheel hub by means of a fusible alloy, which melts under excessive heat
conditions and allows the plug to be blown out by the tyre air pressure.

This prevents excessive pressure build-up in the tyre by allowing controlled deflation of the tyre.
An example of a fusible plug is shown in Figure 4.2, they are made for 3 different temperatures,
being colour coded for ease of identification:

e Red - 155°C
e Green - 177°C
e Amber - 199°C
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Tyres Introduction

Aircraft wheels are fitted with pneumatic tyres which may be tubeless or have an inner tube.

Tubes tend to be fitted to light and older aircraft.

Tyres are usually inflated with nitrogen which absorbs shock and supports the weight of the
aircraft, while the cover restrains and protects the tube from damage, maintains the shape of

the tyre, transmits braking and provides a wearing surface.

Tread Groove Bias Construction

Casing Piles

Undertread

Bead Heel

Casing Ply
Turn-ups Bead Toe

Apex Strip

Tread Groove Radial Construction

Breaker Overlay

Belt Piles \\
LR
Casing Piles\\ i 9

Inner Liner.

Bead Heel

Apex Strip Casing Ply
Turn-ups Bead Toe

Reproduced by kind permission of Dunlop Aircraft Tyres Ltd

Figure 5.1 The make up of a tyre

Tyre Covers

The tyre cover consists of a casing made of rubber which is reinforced with plies of cotton,
rayon or nylon cords. The cords are not woven, but arranged parallel in single layers and
held together by a thin film of rubber which prevents cords of adjacent plies from cutting one

another as the tyre flexes in use.

During the construction of the cover, the plies are fitted in pairs and set so that the cords of
adjacent plies are at 90 degrees to one another in the case of bias (cross-ply) tyres and from
bead to bead at approximately 90 degrees to the centre line of the tyre in radial tyres.

To absorb and distribute load shocks, and protect the casing from concussion damage, two
narrow plies embedded in thick layers of rubber are situated between the casing and the

tread, these special plies are termed breaker strips.
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The casing is retained on the rim of the wheel by interlocking the plies around inextensible
steel wire coils to form ply overlaps, this portion of the cover is known as the bead.

The tyre manufacturers give each tyre a ply rating. This rating does not relate directly to the
number of plies in the tyre, but is the index of the strength of the tyre.

For example, a 49 x 17 size tyre with a ply rating of 32 only has 18 plies.

The wire coils are made rigid by bonding all the wires together with rubber, to ensure a strong
bond, each wire is copper plated. The bead coil is also reinforced by winding with strips of
fabric before the apex and filler strips are applied. The apex strips, which are made of rubber
and located by rubberized fabric filler strips, provide greater rigidity and less acute changes of
section at the bead. They also provide a greater bonding area.

Finally, the bead portion is protected on the outside by chafer strips of rubberized fabric.
Figure 5.1 illustrates the above points.

The Regions of the Tyre
To assist in describing the cover, it is divided into regions or sections as illustrated in Figure 5.2.

The tread of the tyre is situated in the crown and shoulder section, and it should be noted that
the term “tread’ is applied irrespective of whether the rubber is plain and smooth, or moulded
on a block pattern.

The most popular tread
] patternisthattermed Ribbed,
CROWN which has circumferential
) grooves around the tyre to
assist in water dispersion and
to help prevent aquaplaning
y (hydroplaning). The grooves
also help to improve traction
SIDEWALL and contact grip between the
\ tread and the runway surface.

SHOULDER

BEAD Not seen so frequently
\ now, but still termed the
all weather pattern, is the

Diamond tread pattern.
Figure 5.2 The regions of the tyre

Nose wheel tyres, particularly those fitted to aircraft with the engines mounted on the rear
fuselage, may have a chine moulded onto the shoulder. This is to direct water away from the
engine intakes and so prevent flameouts due to water ingestion.

A nose wheel tyre fitted to a single wheel installation will have a chine moulded onto both
sides of the tyre.
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Inner Tubes

An inner tube is manufactured by an extruding machine, which forces a compound of hot
rubber through a circular die, thus producing a continuous length of tubing. The requisite
length is cut off, the ends are then butt welded and a valve is fitted.

The tube is placed in a mould, inflated and vulcanized, so producing the finished tube to the
required dimensions.

During braking, excessive heat is generated in some types of brake unit, which could cause
damage to a standard base tube. Depending on the design of the wheel and the type of brake
unit, the tube may have a standard, thickened, or cord reinforced base.

When renewing a tube it must be replaced by one of the same type.

The Inflation Valve

The tube is inflated through an inflation valve, in which the stem is attached to the rubber base
by direct vulcanization, and the rubber is vulcanized to the tube, renewal of the inflation valve
is not permitted.

Each inflation valve is fitted with a Schrader valve core which operates as a non-return valve.
The valve core is not considered to be a perfect seal, therefore, the inflation valve must
always be fitted with a valve cap, the valve cap also prevents dirt entering the valve. The older
type of valve core has a spring made of brass, but the modern type is fitted with a stainless
steel spring.

Tubeless Tyres

These tyres are similar in construction to that of a conventional cover for use with a tube, but
an extra rubber lining is vulcanized to the inner surface and the underside of the beads. This
lining, which retains the gas pressure, forms an gas tight seal on the wheel rim.

The gas seal depends on a wedge fit between the underside of the tyre bead and the taper of
the wheel rim on which the beads are mounted. The inflation valve is of the usual type, but is
fitted with a rubber gasket and situated in the wheel rim. The advantage of tubeless tyres over
conventional tyres include the following:

* The gas pressure in the tyre is maintained over longer periods because the lining is
unstretched.

e Penetration by a nail or similar sharp object will not cause rapid loss of pressure because the
unstretched lining clings to the objects and prevents loss of nitrogen.

e The tyre is more resistant to impact blows and rough treatment because of the increased
thickness of the casing, and the lining distributes the stresses and prevents them from
causing local damage.

e Lack of an inner tube means an overall saving of approximately 7.5% in weight.

* Inflation valve damage by creep (slippage) is eliminated.
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Tyre Pressures

The difference in landing speeds, loading, landing surfaces and landing gear construction of
aircraft make it necessary to provide a wide range of tyre sizes, types of tyre construction and
inflation pressures.

There are four main categories of tyre pressures, which are as follows:

* Low Pressure. Designed to operate at a pressure of 25 - 35 psi (1.73 - 2.42 bar), used on
grass surfaces.

* Medium Pressure. Operates at a pressure of 35 - 70 psi, (2.42 - 4.83 bar) and is used on
grass surfaces or on medium firm surfaces without a consolidated base.

e High Pressure. Operates at a pressure of 70 - 90 psi, (4.83 - 6.21 bar) and is suitable for
concrete runways.

e Extra High Pressure. Operates at pressures of over 90 psi (some tyres of this type are
inflated to 350 psi)(6.21 - 24.2 bar), the tyre is suitable for concrete runways.

Tyre Markings

The letters ECTA or Conducting are used to indicate a tyre that has extra carbon added to the
rubber compound to make it electrically conducting to provide earthing (grounding) between
the aircraft and ground.

The size of a tyre is marked on its sidewall and includes the following information:

¢ The outside diameter in inches or millimetres.
¢ The nominal width in inches or millimetres.
¢ The inside diameter in inches.

The ply rating, the index of the tyre's strength, is also marked on the sidewall. Normally it is
shown as an abbreviation, e.g. 16PR, but occasionally it is shown in full as “16 PLY RATING".

The speed rating of the tyre denotes the maximum rated ground speed in mph to which the
tyre has been tested and approved. This is embossed on the sidewall of the tyre. The rating
takes account of pressure altitude, ambient temperature and wind component, enabling the
maximum take-off mass, MTOM, the tyres can sustain to be calculated.

Green or grey dots painted on the sidewall of the tyre indicate the position of the “awl” vents.
Awl vents prevent pressure being trapped between the plies which would cause disruption of
the tyre carcase if it was exposed to the low pressures experienced during high altitude flight.

A red dot or triangle indicates the lightest part of the tyre. If this is placed opposite the valve
during tyre fitting then it assists in balancing the wheel assembly.

The letters DRR printed in the code panel and the words “REINFORCED TREAD" printed on
the sidewall are indicative of the fact that the tyre has a layer of fabric woven into the tread
which may become visible during normal wear. This layer must not be confused with the casing
cords.
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Tyre Contamination

Tyres must be protected from excessive heat, dampness, bright sunlight, contact with oil, fuel,
glycol and hydraulic fluid, all of these have a harmful effect on rubber. Oilskin covers should
be placed over the tyres when the aircraft is to be parked for any length of time or during the
periods when oil, fuel, cooling or hydraulic systems are being drained or replenished. Any fluid
inadvertently spilt or allowed to drip on to a tyre must be wiped off immediately.

Creep (Slippage)

When tyres are first fitted to a wheel they tend to move slightly around the rim. This
phenomenon is called ‘creep’ and at this stage it is considered normal. After the tyres settle
down this movement should cease.

In service, the tyre may tend to continue to creep around the wheel. If this creep is excessive on
a tyre fitted with an inner tube, it will tear out the inflation valve and cause the tyre to burst.
Creep is less of a problem with tubeless tyres, as long as the tyre bead is undamaged and any
pressure drop is within limits.

Creep is less likely to occur if the tyre air pressure is correctly maintained. To assist in this,
tyre manufacturers specify a RATED INFLATION PRESSURE for each tyre. This figure applies
to a cold tyre not under load, that is, a tyre not fitted to an aircraft. Distortion of the tyre
cover when the weight of the aircraft is on it will cause the tyre pressure to rise by 4%. When
checking the tyre pressure of a cold tyre fitted to an aircraft you should mentally add 4% to the
rated tyre pressure.

During use, that is during taxiing, take-off or landing, the tyres will become heated. This can
cause up to a further 10% rise in tyre pressure.

Correct Tyre Pressures

Tyres in use must be kept inflated to the correct pressures using nitrogen or other inert gas
(with a maximum 5% oxygen content) as under-inflated tyres may move (creep) round the
wheel, over-inflated tyres will cause other types of failure. It is estimated that 90% of all tyre
failures can be attributed to incorrect gas pressure. Modern aircraft can even display tyre
pressures on the electronic systems monitoring screen.
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Aquaplaning

Aquaplaning is a phenomenon caused by a wedge of water building up under the tread of the
tyre and breaking its contact with the ground.

Aquaplaning speed, in Nautical Miles per Hour, the speed that the tyre loses contact can be
found by applying the formula:

AQUAPLANING SPEED = 9 ¥P (where P = the tyre pressure in psi)
or:
AQUAPLANING SPEED = 34 VP (where P = the tyre pressure in kg/cm? bar)

The possibility of aquaplaning increases as the depth of the tread is reduced, it is therefore
important that the amount of tread remaining is accurately assessed. The coefficient of
dynamic friction will reduce to very low values, typically 0, when aquaplaning.

MAT Limits

When calculating take-off distance/obstacle clearance with increased V, speeds it is important
not to exceed the speed rating of the tyres fitted to the aircraft e.g. it may be necessary to
reduce mass in order to satisfy mass, altitude and temperature (MAT) limits.

Tyre Damage

During servicing, tyre covers must be examined for cuts, bulges, embedded stones, metal
or glass, signs of wear, creep, local sponginess, etc. The defects, which may make the cover
unserviceable, should receive the following attention or treatment:

e Cuts. Cutsinthe tyre cover penetrating to the cords render the tyre unserviceable and must
be repaired.

e Bulges. These may indicate partial failure of the casing, if the casing has failed, i.e. the
fabric is fractured, renew the cover.

* Foreign Bodies. Embedded stones, metal, glass etc. These must NOT be removed but
reported to maintenance staff, and the cuts probed with a blunt tool to ascertain their
depth, repair or renewal of the cover is governed by the extent of the damage (see first
point above).

e Wear. Pattern tread covers worn to the base of the marker grooves or marker tie bars for
25% of the tyre circumference, or plain tread covers worn to the casing fabric, must not be
used. See Figure 5.3.

e Creep. Movement of the tyre round the wheel must not exceed 1 in for tyres of up to
24 in outside diameter and 1'% in for tyres over 24 in outside diameter. If these limits are
exceeded, the tyre must be removed from the wheel and the tube examined for signs of
tearing at the valve, also examine the valve stem for deformation. If the tube is serviceable,
the tyre may be refitted and creep marks re-applied.
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Tread Separation and Tyre Burst

It is possible for a tyre to burst or the treaded portion to become detached from the tyre. This
would result in a smaller footprint and an increased loading on the remaining tyres. There
would also be a reduction in braking efficiency.

There is a risk of foreign object damage (FOD), with the possibility of damage to brake hydraulic
lines and the ingestion of debris into the engine

Reduction of Tyre Wear

With the increased size of modern airports, taxi distances also increase, thus increasing the
amount of tyre wear and risk of damage. To minimize tyre wear therefore, it is recommended
that a speed of no more than 25 mph (40 kph) should be reached during taxi.

Over-inflation will cause excessive wear to the crown of the tyres whilst under-inflation is the
cause of excessive shoulder wear.

Marker Tie Bar

Wear Indicating Groove

Figure 5.3 Wear markers and
indicating grooves
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Introduction

In common with most braking systems, aircraft wheel brakes function by using friction between
a fixed surface and a moving one to bring an aircraft to rest, converting kinetic energy into
heat energy. The amount of heat generated in stopping a large modern aircraft, is enormous,
the problem of dissipating this heat has been a challenge to aircraft designers and scientists for
years. As progress has been made in this direction, so aircraft have got faster and heavier and
the problem worse.

The ideal answer of course, would be to build runways of sufficient length, so that an aircraft
would have no need to use its brakes at all, but the prohibitive cost of building runways 4 and
5 miles long makes it a non-starter.

The advent of reverse pitch on propeller driven aircraft and reverse thrust on jet engined
aircraft, has provided a partial answer to the problem, but even with these, the need for
normal braking still exists.

Plate or Disc Brakes

All modern aircraft now use plate brakes operated by hydraulic systems as their means of
slowing down or stopping. This system uses a series of fixed friction pads, bearing on or
gripping, one or more rotating plates, similar in principle to disc brakes on a car.

The number of friction pads and rotating plates that are used is a matter of design and
wheel size, a light aircraft would be able to utilize a single plate disc brake whereas a typical
arrangement on a large aircraft would be a multi-plate unit similar to the one illustrated in
Figure 6.1.

In this unit, the physical size of the braking area has been increased by employing multiple
brake plates sandwiched between layers or friction material. In this sort of construction the
rotating plates (rotors) are keyed to revolve with the outer rim of the wheel and the stationary
plates carrying the friction material (stators) are keyed to remain stationary with the hub of
the wheel. When the brake is applied hydraulic pressure pushes the actuating pistons, housed
in the torque plate, squeezing the rotors and stators between the pressure plate and the
thrust plate. The harder the brake pedal is applied the greater the braking force applied to
the pressure plate by the pistons. The torque generated by the brake unit is transmitted to the
main landing gear leg by a torque rod or ‘brake bar’, (illustrated in Chapter 3, Figure 3.2)

The friction pads are made of an inorganic friction material and the plates of ‘heavy’ steel
with a specially case hardened surface. It is this surface which causes the plates to explode if
covered with liquid fire extinguishant when they are red hot. In the unfortunate event of a
wheel or brake fire, the best extinguishant to use is dry powder.
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Recent technological advancements in heat dissipation, have resulted in the design of the brake
plates being changed from a continuous rotating single plate, to a plate constructed of many
interconnected individual segments with the heat dissipation properties greatly improved, thus
increasing brake efficiency. Carbon is also used for manufacturing brake units because it has
much better heat absorbing and dissipating properties. Carbon brakes are also much lighter
than equivalent steel units. The disadvantage is their increased cost and shorter life, so they
tend to be fitted only to aircraft where the weight saving is worth the extra cost, long haul
aircraft, for example.

If the brakes become too hot, they will not be able to absorb any further energy and their
ability to retard (slow down) the aircraft diminishes. This phenomenon is termed Brake Fade.

BLEED SCREW PRESSURE PLATE
SINGLE

STATOR
ASSEMBLY

ADJUSTER
ASSEMBLY

THRUST
PLATE

L YD

TORQUE [N T
PLATE A ; .-')aﬂ A / /
Sy AW
Y, ‘ ; \
MOUNTING
BOLT ASSEMBLY
DOUBLE
STATOR
ASSEMBLY
NUT PLATE

ROTOR
SEGMENT

OPERATING
PLATE AND
CYLINDER L—— pisc PACK —

Figure 6.1 A typical multi-plate brake unit

Brake Release

When the pilot releases the pressure on the brake pedals, the brake adjuster assemblies will
move the pressure plate away from the stators and rotor assemblies, thus allowing them to
move slightly apart. The internal construction of the brake adjuster assemblies allows them
to maintain a constant running clearance when the brake is off thereby automatically
compensating for brake wear.

130



Aircraft Brakes

If the return spring inside the adjuster assembly ceases to function, or if the unit is wrongly
adjusted, then they could be the cause of a brake not releasing correctly. This is termed
brake drag.

Brake drag will generate a lot of heat and can be responsible for Brake Fade occurring sooner
than it otherwise would.

PRESSURE PLATE

FRICTION BUSH
SPRING HOUSING 42

RETRACTION w

PIN

GUIDE

ADJUSTER
SPRING /
TORQUE PLATE

Figure 6.2 A brake adjuster assembly

Brake Wear

Aircraft brakes are designed to give good retardation, while at the same time avoiding excessive
wear of the brake lining material.

It is important that the thickness of the brake lining material is carefully monitored.

Too little brake lining material remaining may mean that the disc of a single disc brake system
may become excessively worn or grooved, or that on a multiple disc brake, the remaining
material overheats and erodes extremely fast.

There are several methods of determining the amount of brake lining material which remains
on the brake unit, the following are just some of those methods.

On multiple disc brake systems, the most popular method of gauging the depth of brake lining
material remaining is by checking the amount that the retraction pin (or the indicator pin, as
it is sometimes called) extends from (or intrudes within) the spring housing with the brakes
selected on.
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Figure 6.3 shows how a wear gauge can be used to check that the retraction pin has not
moved too far within the spring housing.

An alternative method which can be used if no retraction pins are fitted to the system is that
whereby the amount of clearance between the back of the pressure plate and the brake
housing can be measured, once again with the brakes applied.

If the brake is a single disc unit, the amount of brake lining material remaining can be checked
by once again applying the brakes and measuring the distance between the disc and the
brake housing and ensuring that it is no less than a minimum value.

WEAR GAUGE

O\

RETRACTION PIN

DISTANCE MEASURED
WITH BRAKES APPLIED SPRING HOUSING

FRICTION BUSH

Figure 6.3 Measuring brake wear in a multiple disc brake system

Brake System Operation

Operation of the brake pedals on the flight deck, allows hydraulic fluid under pressure to move
small pistons which, by moving the pressure plate, force the stator pads against the rotor
plates, with the resultant friction slowing the plates down.

On a small aircraft the hydraulic pressure from the brake pedals may be enough to arrest its
progress. On a large aircraft it is obvious that foot power alone will be insufficient, some other
source of hydraulic power is required. This is supplied by the aircraft main hydraulic system.

Brake Modulating Systems

Optimum braking is important in the operation of modern aircraft with their high landing
speeds, low drag and high weight, particularly when coupled with operation from short
runways in bad weather. The pilot is unable to sense when the wheels lock and so the first
requirement of a brake modulating system is to provide anti-skid protection.

Whenever braking torque is developed there must be only a degree of slip between the wheel
and the ground, a skidding wheel provides very little braking effect. In all brake modulating
systems the deceleration of the individual wheels is taken as the controlling parameter of
braking torque.
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A datum figure for wheel deceleration is selected which is known to be greater than the
maximum possible deceleration of the aircraft - of the order of 18 ft/s* (6 m/s?) - and when this
datum figure is exceeded, brake pressure is automatically reduced or released.

The facility to “hold off” brake pressure in the event of a wheel bounce or to prevent brake
operation before touchdown may also be built into the system.

Systems may be mechanical or electrical, mechanical systems have been in use since the early
1950s. Most aircraft use electrical or electronic systems.

Effects of Anti-skid Systems on Performance

An anti-skid system will reduce the braking distance on both take-off and landing. Aninoperative
anti-skid system will increase the take-off and landing distances required. Data will be available
to determine the runway length required in the event of a rejected take-off.

Note Take-off is prohibited with an inoperative anti-skid system on a wet runway

Mechanical Anti-skid Systems

The basic principle of these systems is the use of the inertia of a flywheel as a sensor of wheel
deceleration.

A wheel directly driven by the aircraft wheel is coupled to the flywheel by a spring. Any changes
in aircraft wheel velocity cause a relative displacement between the flywheel and the driven
wheel. This relative displacement is used as a control signal to operate a valve in the hydraulic
braking system to release the brake pressure. The unit may be wheel rim or axle mounted.

Electronic Anti-skid Systems

The response rates of the flywheels used in mechanical systems are low when compared with
electrical signalling and furthermore the modulation does not always conform to the true
runway conditions.

It is also much easier to alter the response rates and system biases of electronic circuitry to suit
different aircraft types, thus making it simpler to adapt the circuits to match the requirements
of new aircraft types.

The electronic system gives approximately a 15% improvement over the mechanical unit with
the advantage that it can be tested prior to use.

The electronic system comprises three main elements:

¢ A sensor which measures wheel speed.
e A control box to compute wheel speed information.
* A servo valve to modulate brake pressure.

The basic control loop described above offers few advantages over a mechanical system except
that the cycling rate is much improved. A system refinement is that of the Adaptive Pressure
Bias Modulation Circuit.
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This ensures that the brake pressure applied immediately after a wheel is released after an
Anti-Skid Unit (ASU) operation, is lower than the pressure which was applied before the ASU
operation preventing an immediate return to the conditions that caused the ASU to release the
pressure in the first place.

The ASU has a number of important functions that may include.

¢ Touchdown protection.
This will prevent the brakes being applied before touchdown. The electronic anti-skid
controller will monitor the wheel speed and air/ground logic. If no signal is received the
brakes cannot be applied while the aircraft is airborne. On touchdown the wheels ‘spin up’
and apply a signal to the controller which will now allow the brakes to be applied.

* Skid prevention.
The anti-skid controller will reduce the brake pressure to any wheel that it determines is
approaching a skid by monitoring the deceleration rate of the individual wheels.

e Locked wheel protection
If a wheel locks because of a wet patch, or ice, the anti-skid controller will release the
pressure to that wheel completely until the wheel spins up again and the pressure will be
re-applied.

¢ Hydroplane protection
Systems that have this facility will monitor aircraft velocity and wheel speeds of a complete
bogie. If all braked wheels hydroplane and lock up, then the pressure to some of the wheels
is released.

The method varies from aircraft to aircraft but typically, if all braked wheels lock then a
number of brakes are released e.g. two wheels on a four wheel bogie would be released.
The remaining pair will provide locked wheel protection. Subsequently, the hydroplaned pair
will spin up and they will in turn provide locked wheel protection. If hydroplane conditions
still exist the other pair will be released

To enable the pilot to have full control of the brakes for taxiing and manoeuvring, the anti-skid
system is deactivated, either manually or automatically, when the aircraft has slowed down to
below approximately 20 mph, it is assumed then that there is no further danger of skidding.
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Typical Aircraft Wheel Brake System

The brakes are powered by one of the aircraft hydraulic power systems (system 1) with
automatic switch over to an alternate system (system 2) in the event of low system 1 pressure.
When normal and alternate brake hydraulic sources are lost, an accumulator is automatically
selected to maintain parking brake pressure.

Anti-skid Protection

The anti-skid valves receive hydraulic pressure from the normal brake metering valves or the
autobrake valves with the anti-skid control unit providing electrical signals to the anti-skid
valves to control braking during skid conditions. Wheel speed transducers mounted in the axle
transmit wheel speed inputs to the anti-skid control unit. Each wheel is provided individually
with anti-skid protection when normal brakes are operative. When skidding is initially detected,
the anti-skid controller commands the respective anti-skid valve to reduce brake pressure
which protects the wheel from further skidding. Touchdown braking protection is provided
by comparing wheel speed to IRS (inertial reference system) ground speed. During alternate
brake operation anti-skid protection is provided to wheel pairs rather than individual wheels.

Torque Limiting

A brake torque sensor is provided at each wheel to detect excessive torque during braking to
prevent damage to the landing gear (more a problem with CARBON brakes). When excessive
torque stress is detected, a signal is sent to the anti-skid valve and brake pressure to that wheel
is released.
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Figure 6.4 Typical brake and anti-skid system

Autobrakes

This system permits automatic braking when using the normal brake system during landing
rollout or during a rejected take-off (RTO). There are a number of levels of operation of the
autobrake system:
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Off

Armed The system is ready for use but certain conditions have to be met before the system
will operate automatically.

Activated A system that is armed may become activated once conditions have been met. It
may be activated in a number of ways depending in aircraft type.

Operative A system is operative if it is working as intended. An inoperative system will not
accomplish its intended purpose and is not considered to be functioning correctly.

The autobrake system is not available when using the alternate brake system. Depending on
the aircraft, three or five landing deceleration rates may be selected. Anti-skid protection is
provided during autobrake operation. Landing autobrakes are armed by selecting one of the
deceleration rates on the autobrake selector. On touchdown with ground mode and wheel
spin up sensed the brakes will be automatically applied and will provide braking to a complete
stop or until the autobrakes are disarmed. The deceleration rate may be changed during
autobrake operation without disarming by rotating the selector.

With RTO selected, maximum brake pressure will be applied automatically when all thrust levers
are closed at ground speeds above 85 knots. Below 85 knots autobrakes are not activated. The
landing autobrakes system disarms immediately if a fault occurs when the system is armed, the
selector will move to the disarm position and a warning caption will be displayed.

Disarming will also occur if any of the following crew actions are taken during autobrake
operation:

Manual braking.

e Advancing any thrust lever after landing.

Moving the speed brake lever to the DN (down) detent after speed brakes have been
deployed on the ground.

Moving the autobrake selector to Disarm or Off.

The autobrakes are normally disarmed by the non-handling pilot or flight engineer as the
aircraft speed reduces to approximately 20 knots.

Parking Brake

The parking brake handle operates a shut-off valve in the return line to the reservoir from the
anti-skid valves. To apply the parking brake depress the foot pedals, apply the parking brake
lever, then release the foot pedals. Hydraulic pressure is now trapped in the brakes because the
return line from the anti-skid valves is closed. This will be capable of maintaining the brakes ‘on’
for overnight parking if required.

Automatic Brake Application on Undercarriage Retraction

Reduced hydraulic pressure is delivered to the wheel brakes as the undercarriages are retracted.
This will bring the wheels to a stop and eliminate the adverse effects of gyroscopic forces
produced by the spinning wheels.

137

Aircraft Brakes !



n Aircraft Brakes

§°9 ainbi4

HDLIMS dSNAS AND
S.LONX C1-8 AVHD HSON
) } d1 NIdS NAMOQ
SLONA 0 SION 22-81 THHHM

A A A Lo

LS

L ﬁ ] |

HOVAANS AVMNIAT
- | HNITamys
_—— - ——/ daNidS

NOILVOIT4qy VY THIHM

NOILVYEdO <

<« Dvie P« NOILOHLO¥d ATISIINY TYIANON >»
TVONVIN

<« Nouomow
¢ TAAHM ATID0T

T v NOILLDHLOYd

TIIHM
aaIn01
L010 Sd0dd
NOILLDd10dd NAMOJHONOL
ATISIINY TYINYON ¢ f f
110 Sdo¥d 100 sdodda NOILVIddO
NOILLOF104d NOILDELOUd TIVIEA ADISIINY aanay
THEHM dTID0T NMOGHONOL HLVILINI % NOILDOHLOYd  WHLSAS
AL HAIFAO OL dN ATISIINY
NIISTHHIHM TVILINI

- Aircraft Brakes

138



Aircraft Brakes

Brake Kinetic Energy Graph

During the application of brakes, a considerable amount of energy is absorbed. This energy is
released in the form of heat which must be dissipated.

The brake packs, wheel assemblies and tyres are capable of absorbing so much heat and no
more before they fail.

Some method of determining the amount of energy absorbed will facilitate decisions regarding
precautions to be taken after an aborted take-off, a landing, or simply moving the aircraft
around the airfield.

One such method is the brake kinetic energy graph, Figure 6.6. The graph is entered with an
all up weight and a brake application speed and then factored for head or tailwind component,
number of serviceable reversers and airfield altitude.

The end result is the amount of kinetic energy absorbed, but more importantly, three zones
into which the situation has fallen, each of which will determine the course of action to be
taken.

Figure 6.7 is a reproduction from an aircraft operations manual which outlines the three zones
and the drills to be carried out in the event of the kinetic energy in the brakes being above a
certain level.
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Brake Temperature Indicators

Larger aircraft types, (B747, B777, A340, A380 etc.) may be fitted with Brake Temperature
Indicators.

Sensors are arranged to sample the temperature of the brakes of each individual wheel.

An indicator can be used to display the temperature of each pair of wheels as selected on the
system control panel.

The brake temperatures are constantly monitored by the system, if the temperature of any brake
assembly rises above a predetermined level then a “HIGH TEMP” indicator light illuminates.
Switch selection on the control panel will now enable the operator to locate the wheel brake
or brakes which are triggering the alarm.

Should any brake temperature go above that level at which the High Temp warning light
illuminates, then a brake “OVERHEAT" caption will come on.

This last event is duplicated on the Central Warning System. Figure 6.8 illustrates a Brake
Temperature Warning Panel.

BRAKE “OVERHEAT” LIGHT
ILLUMINATES IF ANY BRAKE

BRAKE “HIGH TEMP” LIGHT
ILLUMINATES IF ANY BRAKE TEMPERATURE EXCEEDS
“OVERHEAT” LEVEL.

TEMPERATURE EXCEEDS
PREDETERMINED LEVEL.

BRAKE TEMP

TEST SWITCH
ADDS 100°C TO FIGURE
INDICATED ON
LEFT RIGHT TEMPERATURE GAUGE
GEAR FOR THE PAIR OF
BRAKES SELECTED

BRAKE TEMPERATURE SELECTORS
WHEN PRESSED, EACH SELECTOR WILL CAUSE
THE BRAKE TEMPERATURE INDICTORS TO
SHOW THE TEMPERATURE OF THE SELECTED

BRAKE TEMPERATURE INDICTAORS PAIR OF BRAKES.

LEFT AND RIGHT
INDICATES TEMPERATURE OF PAIRS OF BRAKES
AS SELECTED
BY THE BRAKE TEMPERATURE SELECTOR

Figure 6.8 A brake temperature warning panel
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Brake Temperatures Tyre Pressures

WHEEL
- _f BLUE CK_

YELLOW

UP LOCK UP LOCK
- 195 195 -

- D—
Wv NW STEER / GW
L/G CTL

ey -y e_—) o
280 °C 140 140 °C 140

=1= REL =2= ANTI SKID =3= REL =4=
195 195 195 155
AUTO BRK
LOowW
MED

p240E 1844s

TAT +9 °C GW60300 KG
SAT +18 °C C.G.28.1%

Courtesy of Airbus Industrie

Figure 6.9 A typical ECAM display

Wing Growth

Wing growth is a term used in relation to swept wing aircraft only. Because the centre of the
turning circle of modern big jets is not the inboard oleo but a point further outboard, and also
because of the swept wing planform, the circle which the outboard wing tip describes is larger
than is first apparent. This may not be as great a problem with large aircraft with body gear
steering. See Figure 6.10, where the wing growth area is shown in red.

Great caution should be exercised when manoeuvring large swept wing aircraft close to
obstructions of any sort.

Figure 6.10 An illustration of wing growth

143

Aircraft Brakes !



Questions

Questions
1. Oil is used in an oleo strut to:
a support the weight of the aircraft
b. limit the speed of compression of the strut
C. lubricate the piston within the cylinder
d limit the speed of extension and compression of the strut

The nose wheel assembly must be centred before retraction because:

suoisand H
N

a. there is limited space in the nose wheel bay
b. the aircraft may swerve on the next landing if the nose wheel is not straight
C. the tyres may be damaged on landing if the nose wheel is not straight
d. it will remove any slush or debris which may have accumulated on take-off
3. The movement of the gear on lowering is normally damped to:
a. prevent the fluid becoming aerated
b. counteract the force of gravity which would bring the gear down too fast
C. make the lowering time greater than the raising time
d. prevent the hydraulic fluid becoming overheated
4. Inadvertent retraction of the landing gear on the ground is:
a. not possible because the system is not powerful enough
b. prevented by the ground/air logic system
C. always a danger after the ground locks have been removed
d. the responsibility of the first officer when he is on the aircraft
5. Creep (slippage):
a. is not a problem with tubeless tyres
b. refers to the movement of the aircraft against the brakes
C. alignment can rip out the inflation valve on tubed tyres, and deflate the tyre
d. can be prevented by painting lines on the wheel and tyre
6. Tyre wear when taxiing can be reduced by:
a. restricting the use of brakes and using thrust reversers
b. taxiing at less than 40 kph
C. staying on the smoothest parts of the taxiway
d. taxiing at less than 25 knots
7. To prevent scrubbing the tyres while taxiing , you should:
a. use tyres with fusible plugs
b. make sharp turns only if you have high speed tyres fitted
C. turn no sharper than the minimum specified radius
d. deflate the tyres to a minimum pressure
8. The best extinguishant to use on a wheel or brake fire is:
a. co,
b. dry powder
C. freon
d. water
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10.

1.

12.

13.

14.

When inflating a tyre fitted to an aircraft, the tyre pressure reading on the gauge
should be modified by:

a. 10 psi
b. 10%
C. 4 psi
d. 4%

The most likely cause of brake fade is:

oil or grease on the brake drums
worn stators

the pilot reducing the brake pressure
the brake pads overheating

op oo

The pressure needed to operate the wheel brakes on a large aircraft comes from:

the aircraft main hydraulic system
the pilots brake pedals

a self-contained power pack

the hydraulic reservoir

op oo

Which of the following statements will produce the shortest landing run?

i. Crossing the threshold at the correct height and speed

ii. Applying full anti-skid braking as quickly as possible after touchdown

iii. Using maximum pedal pressure but releasing the pressure as the wheels
start to skid

iv. The use of cadence braking

V. Use of minimum braking pressure early in the landing run and maximum
pressure towards the end

Vi. Application of reverse thrust as early as possible in the landing run

Vii. Deployment of the lift dumpers/speed brakes as early as possible in the
landing run

a. (i), (ii), (vi),  (vii)

b. (i), (i), (vi), (i)

C. (i), (iv),  (vi),  (vii)

d. (i), (v), (vi),  (vii)

The formula which gives the minimum speed (V) at which aquaplaning may occur
is:

a. V,=9x VP where P is kg/cm? and V, isin knots
b. V, =9 x VP where Pis psiand V, is in mph

C. V,=9x VP where P is psi and V, is in knots

d. V, =34 x VP where P is kg/cm? and V, is in mph

An aircraft has a tyre pressure of 225 psi, its minimum aquaplaning speed will be:

a. 135 mph
b. 135 knots
C. 145 knots
d. 145 mph
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Questions

15.

16.

17.

18.

19.

20.

21.

Landing gear ground locking pins are:

onoTo

fitted before flight to ensure the landing gear locks are fully cocked
removed prior to flight and returned to stores

fitted after flight to maintain a hydraulic lock in the downlock jack
removed prior to flight and stowed on the aircraft where they are visible to
the crew

The most likely cause of brake unit dragging is:

a
b.
c
d

dirt between the rotor and stator assemblies
grease on the rotor assembly

the brake pressure being too high

incorrect operation of the adjuster assemblies

A likely cause of nose wheel shimmy is:

onoTo

aircraft is overweight

the tyre pressures are too high
the aircraft is incorrectly loaded
a torque link is worn or damaged

Creep (slippage):

onoTo

can damage the braking system

can be measured by painting marks on the tyre and wheel rim
may cause excess wear

never occurs on new tyres

The anti-skid system would be used:

a on landing runs only

b. on take-off runs only

d for take-off on icy runways

d for both take off and landing runs

A hydraulic gear extension/retraction mechanism consists of sequence valves,
uplocks and:

a. an anti-skid braking system

b. downlocks

C. torque links

d. a shock absorber

A nose wheel steering control system:

onoTo

prevents the nose wheel from castoring at all times

allows the nose wheel to castor within preset limits about the neutral position
allows the nose wheel to castor freely at all times

prevents the nose gear from lowering if the nose wheels are not centralized
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22.

23.

24,

At an aircraft taxiing speed of 10 mph the anti-skid braking system is:

inoperative

operative

operative only on the nose wheel brakes
operative only on the main wheel brakes

onpoo

The tyre pressures are checked after a long taxi to the ramp following landing. The
pressures will have:

fallen by 15% from their rated value

risen by 15% from their rated value

remained constant

risen by 10% of their original weight-on-wheels value

onpoo

Questions !

The ply rating of a tyre:

always indicates the number of cords or plies in the tyre carcass
never indicates the number of cords or plies in the tyre carcass
indicates whether or not an inner tube should be fitted

is the index of the tyre strength

onpoo
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Answers

Answers
1 2 3 4 5 6 7 8 9 10 11 12
d a b b C b C b d d a a
13 14 15 16 17 18 19 20 21 22 23 24
C b d d d b d b b a d d

148




Chapter

7

Flight Control Systems

Introduction. . . . . . .. e e 151
Primary Controls . . . . . . . . . e e e 151
Control System Checks . . . . . . . . . . e 152
CableTension . . . . . . . L e 152
Temperature Compensation . . . . . . . . . . L e e e e e 153
Safetyand Locking . . . . . . . . L e 154
Range of Control Movement. . . . . . . . . . . . .. . e 154
Control System Friction. . . . . . . . . . . e 154
Backlash . . . . . . . e 155
Control Locks . . . . . . . . e e 155
Duplicate Inspectionof Controls. . . . . . . . . . .. .. . .. 155
Take-off Configuration Warning . . . . . . . . . . . . . . . . . ... 155
High Lift Devices . . . . . . . . . e e e e 156
Trailing Edge Flaps . . . . . . . . . e 156
Leading Edge Devices. . . . . . . . . .. e e e 158
Speed Brakes . . . . . .. e e 160
Typical Flight Spoiler System . . . . . . . . . . . . . . . . e 161
Spoiler Operation . . . . . . . . . . e e 162
Automatic Ground Speed Brake Control Operation . . . . . .. ... ... ... ... ..... 162
AppendiX A . .. e e e e e e e e 163

149



7

)
o
=
&
0
o
3
=3
5
e
(%]
<
\
=+
[]
3
[

Flight Control Systems

Vertical
Stabilizer

Outboard
aileron

Elevator

Inboard Outboard
aileron spoilers
Horizontal Q
Stabilizer
Inboard
Inboard Flap spoilers
Outboard T
Flap

/

Leading edge
slats

Figure 7.1 Aircraft controls - general arrangement
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Introduction

The movement of the flying control surfaces in response to the movement of the cockpit
controls may be achieved:

* Mechanically. The control surfaces are connected directly to the cockpit controls by a
system of cables, rods, levers and chains.

e Hydraulically. The control surfaces are moved by hydraulic power. The control valve may
still be operated mechanically.

* Electrically. Movement of the cockpit control sends an electrical signal to the control
surface. The movement of the control may be achieved hydraulically.

Figure 7.2 shows a manually operated elevator control system for a light aircraft, showing the
main components required.

Control
Column

Pulle Elevator
Secondary Turnbuckle Y

opstﬂ.’nﬂ ’ iﬂé
:\ A\

Fairleads

Primary Stops

Figure 7.2 Elevator control system

Rearward movement of the control column causes upward movement of the elevator, causing
the aircraft to pitch nose upwards, and vice versa.

Control in roll is achieved by ailerons. Turning the control wheel to the right causes the right
aileron to move up and the left aileron to move down, giving roll to the right.

Control in yaw is given by the rudder. Moving the right rudder pedal forward causes the
rudder to move to the right and causes the aircraft to yaw to the right. These movements are
obtained by similar arrangements of cables, push-pull rods and chains for the elevator.

Primary Controls

Primary controls are controls which rotate the aircraft about its three axes and thereby cause a
change in the aircraft’s flightpath and/or attitude

Primary controls consist of elevator, rudder and ailerons plus roll control spoilers
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Flight Control Systems

The primary flying controls in a manually operated control system are reversible. That is, a
force applied to the cockpit control will move the control surface, and also, a force applied to
the control surface will cause the cockpit control to move. This means that the air pressure
on the control surfaces is felt by the pilot through the cockpit controls. This is not the case if
the controls are fully power operated. A power operated control is irreversible, that is, a load
applied to the control surface cannot move the cockpit control, and the system has no natural
feel.

Because of this it is necessary to introduce feel to the system artificially. The artificial feel
unit should increase the cockpit control load in proportion to the control deflection, and in
proportion to the speed. [A manually operated trimming tab is irreversible, once its position has
been set by the trim wheel, it cannot be moved from that position by a load on the trimming
tab].

NOTE: Power assisted controls still retain their natural feel and, if the loads at the surface are
large enough, are reversible.

Control System Checks

During servicing, and after any adjustments to the flying control system, various checks are
required on the system. In some situations it may be necessary for the pilot to perform part of
these checks. The main checks required on the system are for:

* cable tension.

e safety and locking of controls.

* range of movement of controls (freedom and operation in the correct sense).
* friction in the system.

* backlash of the system.

Cable Tension

It is important to have the correct tension in the control cables. If the tension is too low, the
cables will be loose, permitting excessive cable movement, and if the tension is too high, the
controls will be too stiff to move. Cable tension is adjusted by means of turnbuckles, and
measured with a tensiometer.

Inspection Hole

Fork End

Figure 7.3 Barrel type turnbuckle

Figure 7.3 illustrates a typical turnbuckle. It consists of a central barrel, and two end fittings, to
which are attached the ends of the cable.

The tension of the cable is measured with a tensiometer. An illustration of a simple tensiometer
is shown in Figure 7.4.
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Figure 7.4 Simple tensiometer

Temperature Compensation

When checking the tension of the cable, allowance should be made for the temperature,
and the correct tension figure used appropriate to the ambient temperature. Changes of
temperature will affect the length of the cables and also of the airframe structure, but as they
are made of different materials the rate of expansion will be different. For a normal aluminium
alloy airframe structure with steel control cables, an increase in temperature will cause the
aluminium alloy to expand more than the steel cables and so cause an increase in cable tension.
On some aircraft a temperature compensator is fitted in the control system. This automatically
maintains the correct tension if temperature changes.

QUADRANT

PUSH-PULL ROD

CONTROL SPRING UNIT BELL CRANK
CABLE

QUADRANT

Figure 7.5 Temperature compensator
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Flight Control Systems

Safety and Locking

After the tension has been correctly set, the turnbuckle must be checked to safety. This means
that sufficient thread must be engaged between the end fittings and the central portion of the
turnbuckle to take the load which will be placed on the cable.

To enable this to be done, inspection holes are provided in the turnbuckle. To be ‘in safety’ the
inspection hole must be completely blocked by the thread of the end fitting. This is verified by
attempting to pass a hardened pin through the inspection hole.

Some types of turnbuckle are not provided with inspection holes, and these should be checked
for safety by seeing that not more than three threads of the end fitting are visible outside the
barrel.

When the tension has been correctly set and the turnbuckle is ‘in safety’ it must be locked to
prevent any change of tension occurring during operation of the control system. Vibration
could cause the barrel of the turnbuckle to rotate and allow the cable tension to decrease. The
turnbuckle must be locked to prevent any rotation of the barrel relating to the end fittings.

TWISTED ENDS TO BE
TUCKED IN
TO PREVENT FOULING FORK
2 END

e T

INSPECTION
HOLE

==

Figure 7.6 Wire locked turnbuckle

The most commonly used method of locking is by locking wire, but many other approved
systems of locking are in use, such as locking clips, locking plates etc.

Range of Control Movement

The movement of each control surface to either side of its neutral position, is laid down so
that it can achieve the required control over the full range of operating conditions. The
movement is not necessarily the same each side of neutral, for example, an elevator usually has
a greater deflection upward than downward. The limit of movement of the control surface is
determined by a mechanical stop. A stop which limits the movement of the control surface is
called a primary stop.

A stop which limits the movement of the control column or rudder pedals is called a secondary
stop; when the primary stop is closed there will be a small clearance at the secondary stop.

Control System Friction

The friction in the control system will determine the force required to move the controls when
the aircraftis stationary. In flight the ‘stick forces’ will increase due to the air loads on the control
surfaces. If the friction loads are too high, the feel of the controls with changing airspeed will
be distorted. The friction in the control system is measured by attaching a spring balance to
the control and moving it through its full travel. Excessive friction in the controls may be due
to over-tensioned cables or lack of oil on the bearings.
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Backlash

Control systems should be free of backlash. Backlash is free or ineffective movement of the
cockpit control when the direction of movement is reversed. It may indicate worn or incorrect
components in the control system.

Control Locks

When an aircraft is parked in the open, strong or gusty winds could blow the controls about
against their stops with sufficient force to cause mechanical damage. To prevent this occurring,
control locks are fitted. These may be external or internal and may be fitted to the control
surface or to the cockpit control. If they are fitted to the cockpit control they may be arranged
so that it is impossible to open the throttle until the control locks are removed.

It should be noted that with servo operated control surfaces, movement of the cockpit controls
is possible with external control locks in position. Similarly with a spring tab assisted control,
some movement of the cockpit control would be possible with external locks fitted, but the
control would feel very stiff.

Duplicate Inspection of Controls

Because of the vital importance of the control system a procedure for duplication of inspection
of the control system is laid down in maintenance regulations. It requires that if the control
system is disturbed in any way, the system shall be inspected separately by two qualified persons
before the aircraft is permitted to fly. In some circumstances the second of these persons may
be the pilot. Duplicate inspection procedures are given at Appendix A.

Take-off Configuration Warning

The take-off configuration warning is armed when the aircraft is on the ground and the
forward thrust levers are advanced for take-off. An intermittent take-off warning sounds if
some or all of the following conditions exist:

e The stabilizer trim is outside the safe range.

* The trailing edge flaps are not in the take-off position.

e Leading edge high lift devices are not in the take-off position.

* Speed brake lever not in the down position.

e All doors are not fully locked.

* Flight controls are not fully unlocked (aircraft fitted with internal control locks)

The warning indication is cancelled when the incorrect setting is corrected.

A steady warning horn alerts the pilots when the aircraft is in landing configuration and any
landing gear is not down and locked. The landing gear warning horn is also activated by flap,
speed and thrust lever position.
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Flight Control Systems

High Lift Devices

Most jet transport aircraft are fitted with high lift devices on both leading and trailing edges
which increase the lift coefficients (C ) to enable the aircraft to generate large amounts of lift
at low speed for take-off and landing, this reduces the stall speed. Smaller aircraft are usually
just fitted with trailing edge flaps.

Trailing Edge Flaps

There are various types of flap design which all increase both lift and drag in varying amounts.
The most popular type for light aircraft is the plain or camber flap with slotted Fowler flaps
widely used on large transport aircraft. See Figure 7.7.

Angle of
High Lift Devices Increase of basic Remarks
maximum lift aerofoil at
max lift
15° lift devices depend

on the basic
shape of the
aerofoil

Basic Aerofoil

Increase camber.

Much drag when
50% fully down. Nose
12° down pitching
moment

Plain or camber flap

Increase camber.
Even more drag
N than plain flap.
60% 14 Nose down
pitching moment

!

Split Flap
Increase camber
and wing area.
90% 13° Much d!'ag: Nose
down pitching
Zap Flap moment

Control of boundary
layer. Increased
65% 16° camber. Stalling
delayed. Not so

Slotted Flap much drag.

)

Same as single
slotted flap only

0 18° more so. Treble
70% slots sometimes
Double Slotted Flap used.

Increased camber and
wing area. Best flaps
for lift. Complicated

90% 15° mechanism. Nose
down pitching moment
Fowler Flap

Figure 7.7 Trailing edge flaps

|

?

A typical trailing edge flap system is shown in Figure 7.8.
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Operation of the flight deck selector produces an input to the slat/flap computers (2 of)
which control, monitor and test the operation of the flaps. An electrically controlled hydro-
mechanical power unit drives the transmission which moves the flaps. The position of the flaps
is indicated on the cockpit display and the flaps are protected against asymmetric operation,
runaway, uncommanded movement and overspeed. Torque limiting brakes are fitted to stop
the operation if excess torque is sensed.

The flap Load Relief System (LRS) or load limiter retracts the flaps to an intermediate position
if the airspeed exceeds a predetermined speed and automatically returns them to the selected
position if the airspeed drops below its predetermined limit.

In the event of failure of the main control system, emergency operation of the flaps may be
achieved by an alternate hydraulic supply or an electric motor which drives the trailing edge
drive unit (gearbox) which then operates the same gear train.

Trailing Edge Flaps

\ NN Spoilers (shown extended)
2\ \\\\ \\\\\
’ \\\\‘ N\
’ ANN
AN
\ ~
SN
3 )v h N RN
~ >
N ~
N ~
Flaps AN N
~
~
~
~
~
Landing Position Take-off Position

_______ "N
L /

Slots

Figure 7.8 Trailing edge flaps
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Flight Control Systems

Leading Edge Devices

These may consist of slats, Kreuger flaps or variable camber flaps or some combination as
on the B747 which uses Kreuger flaps for the inboard section and variable camber for the
outboard. Leading edge flaps and slats are operated by hydraulic power or by air turbine
motors and controlled by operation of the flap lever. The three types of leading edge devices
are shown in Figure 7.10.

Some systems use hydraulic motors that power screw jacks to move the surfaces. These systems
require mechanical locks to prevent creep of the surfaces when hydraulic power is removed.

Leading edge flaps are hinged surfaces that extend by rotating downward from the lower
surface of the wing leading edge. Slats are sections of the wing leading edge that extend
forward to form a sealed or slotted leading edge depending on the trailing edge flap setting.

The leading edge flaps and slats are retracted when the trailing edge flaps are retracted. The
leading edge flaps extend fully and slats extend to the midway position (depending on aircraft
type) when the trailing edge flaps move into the intermediate position, and when the trailing
edge flaps are fully lowered, the slats extend fully. The sequence is reversed when the flaps are
retracted.

Alternate hydraulic operation of the leading edge devices is a standby hydraulic system or, in
the case of those powered by air turbine motors, an electrical standby system. The leading
devices will then fully extend. Depending on the aircraft type it may or may not be possible
to retract the leading edge devices by the alternate system.

An autoslat system may be incorporated that will automatically extend the slats from the
intermediate position to the fully extend position. This system will operate if the aircraft
approaches the stall angle of attack and the slats are not fully extended.

Typical indications for flap and slat/leading edge flap positions are shown below, on the left an
electronic display and on the right an analogue display from an older aircraft.

m m LEADING
m (7\ | EDGE

1
[] _UP_
LY FLap POSITION “UP-
1S F
i VE\Q‘
|- -10 =
POFULL )
' S\ FLAP

POSITION 30—

N -

Figure 7.9 Typical electronic and analogue position indicators
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FLAPS

SLATS

Inboard Slat

Rotary
Actuators

Outboard Slats

Kreuger Flap Variable Camber Flap

Extended

Driveshaft to right

Tee Gearbox

Power Drive Unit
(Hydraulic or pneumatic
motor)

Rotary Driveshaft
(Torqueshaft)

Figure 7.10 Leading edge flaps and slats
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Flight Control Systems

Speed Brakes

Speed brakes may consist of flight spoilers and ground spoilers. The speed brake lever controls
a spoiler mixer, which positions the flight spoiler control units, Power Control Units (PCU’s),
and a ground spoiler control valve. The surfaces are actuated by hydraulic power supplied to
the PCUs or to actuators on each surface. Ground spoilers operate only on the ground, due
to a ground spoiler shut-off valve which remains closed until the main landing gear operates a
'weight on’ switch.

With lateral controls in neutral, application of the speed brakes will cause the flight spoilers to
rise equally.

When speed brakes are applied on the ground, the ground spoilers will also rise. Moving the
speed brake control lever will provide an input to the spoiler mixer via a mechanical system.

The spoiler mixer conveys the speed brake signals to a ground spoiler control valve and to the
flight spoiler actuators.

Ground spoiler shut-off valve, fitted in the hydraulic system downstream of the spoiler control
valve, is operated by a ‘weight on’ switch.

Speed brake control may also be applied by an electric speed brake lever actuator. When
‘armed’, the actuator will drive the speed brake lever to the “full up’ position, raising the flight
and ground spoilers when the landing gear wheels rotate on touchdown.

If the engine thrust levers are opened up again on the landing run, the actuator will sense the
aborted landing and will lower the flight and ground spoilers.

A SPOILER
B SPEED BRAKE
OFF OFF DO NOT ARM
| ON a ON 1

A

— B

GROUND
:
SPEED BRAKE

ARMED

GROUND
SPOILERS

FLIGHT
SPOILERS

FLIGHT
SPOILERS

GROUND

SPOILERS GROUND

SPOILERS

SPOILER ||
MIXER

GROUND SPOILER
CONTROL VALVE

Figure 7.11 Typical speed brake/lift dumper systems
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Typical Flight Spoiler System

Two flight spoilers are located on the upper surfaces of each wing. The outboard spoilers are
powered by one hydraulic system, whilst the inboard spoilers are powered by a second system.
Hydraulic pressure shut-off valves are controlled by the two flight spoiler switches.

The flight spoilers are hydraulically actuated in response to movement of the aileron controls.
A spoiler mixer, connected to the aileron control system, controls the hydraulic PCUs on each
spoiler panel to provide spoiler movement proportional to aileron movement. Flight spoilers
rise on the wing with the ‘up-going’ aileron and remain retracted on the wing with the ‘down-

going’ aileron.

Courtesy of the Boeing Company

SPEED BRAKE LEVER

DOWN DETENT
ALL FLIGHT AND GROUND

FLIGHT
DETENT

SPEED BRAKE BB

SPOILERS RETRACTED

ARMED
AUTOMATIC SPEED BRAKE SYSTEM ARMED.
ON TOUCHDOWN SPEED BRAKE LEVER
MOVES TO THE UP POSITION AND ALL
FLIGHT AND GROUND SPOILERS EXTEND.

FLIGHT DETENT

FLIGHT SPOILERS EXTEND TO THEIR
MAXIMUM IN-FLIGHT POSITION

UP
ALL FLIGHT AND GROUND SPOILERS
EXTEND TO THEIR MAXIMUM
POSITION FOR GROUND LIFT
DUMPING OPERATIONS.

LIGHT ILLUMINATED
INDICATES ABNORMAL CONDITION OR

DO NOT ARM |

SPEED BRAKE |_

TEST INPUTS TO AUTOMATIC SPEED
BRAKE SYSTEM

ARMED

LIGHT ILLUMINATION
INDICATES VALID AUTOMATIC SPEED
BRAKE INPUTS.

Figure 7.12 Speed brake selector
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Flight Control Systems

Spoiler Operation

Aileron control wheel rotation transmits roll control signals to the aileron Power Flying Control
Units through the captain’s control cables.

Aileron Power Flying Control Unit movement actuates the ailerons and simultaneously sends a
roll control signal to the spoiler mixer.

Rotation of the spoiler mixer output mechanism actuates the spoiler control valves to raise the
spoilers on the down-going wing (up-going aileron).

Vertical rotation of the spoiler actuators provides the follow-up to cancel the control valves
input when the desired spoiler deflection has been achieved. This follow-up allows the flight
spoilers to be positioned at any intermediate angle between retracted and fully up. In this
manner, the flight spoilers assist the ailerons in providing lateral control.

Flight spoiler hydraulic power is controlled by electric motor driven valves situated in the flight
control power system, allowing the spoilers to be isolated if required. Two spoiler switches
individually control these valves. The flight spoilers continue to provide lateral control when
used as speed brakes and will sum the two inputs of Roll and Speed brake. A typical example
would be: “With the Speed brakes deployed in flight and a pilot’s input to Roll/Turn to the
left, then the Spoiler(s) move up on the down-going wing, and down on the up-going wing."”
So there is in fact a ‘combination action’ of the spoilers taking into account the effects of drag,
adverse yaw, roll and speed control demands.

Automatic Ground Speed Brake Control Operation
Operation is a function of input signals from:

* Speed brake lever selected to the armed position. Arming the speed brake lever, places
the flight and ground spoilers in the automatic lift dumping mode of operation.

* Anti-skid (wheel spin up) The anti-skid system will send electrical power signals to the
wheel speed relays for each wheel. A combination of wheel spin up signals (on touchdown)
through two parallel circuits will energize the speed brake actuator to drive the speed lever
to the up position, so raising all spoilers.

* Air/ground sensing. If both anti-skid channels are inoperative on touchdown, the air/
ground sensing circuits will actuate the system when the landing gear strut is compressed.

* Thrust lever positions. Retarding the thrust levers on touchdown, will operate the speed
brake lever to raise all spoilers.

* Thrust reverser operation. The reverser system linkage mechanically raises the speed brake
lever and energizes a relay which supplies power to the speed brake system, raising all
spoilers.

» Excess indicated airspeed (IAS) protection. There will be an automatic protection system
to prevent deployment at excess IAS.

The system has a ‘Go-around’ capability whereby a wheel spin up after slowing down or the
opening of the thrust levers will retract all spoilers.
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Appendix A

CIVIL AVIATION AUTHORITY

CONTROL SYSTEMS

1. INTRODUCTION. The purpose of this Leaflet is to provide general guidance and advice

on the inspection procedures for control systems which are either manually operated,
power assisted or power operated. The Leaflet should be read in conjunction with the
relevant approved drawings and manuals for the aircraft concerned.

2. CONTROL SYSTEMS. A control system is defined as a system by which the flight
attitude or the propulsive force of an aircraft is changed.

2.1 For the purpose of duplicate inspection (see paragraph 2.2), the flight control system
includes the main control surfaces, lift and drag devices and trim and feel systems,
together with any flight control lock systems and the associated operating mechanisms
and controls. On the case of rotorcraft, the flight control system includes the mechanisms
used by the pilot to control collective pitch, cyclic pitch and yaw. The engine control
system includes the primary engine controls and related control systems (e.g. throttle
controls, fuel cock controls, oil-cooler controls) and the mechanisms used by the crew
to operate them.

2.2 Duplicate Inspection. A duplicate inspection of a vital point/control system is defined
as an inspection which is first made and certified by one qualified person and
subsequently made and certified by a second qualified person.

NOTE: Vital Point. Any point on an aircraft at which single incorrect assembly could lead to
catastrophe, i.e. result in loss of aircraft and/or in fatalities (see BCAR Section A, Chapter A5-3).

2.2.1 Components, systems or vital points subject to duplicate inspection, must not be
disturbed or re-adjusted between the first and second part of the inspection must, as
nearly as possible, follow immediately after the first part.

2.2.2 In some circumstances, due to peculiarities of assembly or accessibility, it may be
necessary for both parts of the inspection to be made simultaneously.

3. INSPECTION OF CONTROL SYSTEM COMPONENTS

3.1 Control system components, the part of which are concealed during bench assembly
before installation, shall be inspected in duplicate on assembly during manufacture,
overhaul or repair.

3.2 Both parts of the duplicate inspection and the results of any tests made during and
after final assembly shall be certified on the Inspection Record for the part concerned.

4, DUPLICATE INSPECTION OF CONTROL SYSTEMS

4.1 A duplicate inspection of the control system in the aircraft shall be made (a) before
the first flight of all aircraft after initial assembly, (b) before the first flight after the overhaul,
replacement, repair adjustment or modification of the system. The two parts of the duplicate
inspection shall be the final operations and as the purpose of the inspection is to establish the
integrity of the system all work should have been completed. If after the duplicate inspection
has been completed, the control system is disturbed in anyway before the first flight, that part
of the system which has been disturbed shall be inspected in duplicate (paragraph 2.2) before
the aircraft flies.
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Insome instances it may not be possible after complete assembly of the aircraft to inspect
all parts of the system because some sections of the system may get progressively ‘boxed
in" and sealed during assembly operations. In such cases the condition and security
of any section which is liable to be sealed must be established to the satisfaction of
the persons named in paragraph 5 before the section is sealed and related Inspection
Record endorsed accordingly.

Inspection Records should be carefully prepared to ensure that any duplicate inspection
required at an early stage during assembly operations is clearly indicated, thus avoiding
unnecessary dismantling at later stages.

The correct functioning of control systems is at all times of vital importance to
airworthiness. It is also essential that suitably licensed aircraft engineers and members
of approved inspection organisations responsible for the inspection or duplicate
inspection should be thoroughly conversant with the systems concerned. The inspection
must be carried out systematically to ensure that each and every part of the system is
correctly assembled and is able to operate freely over the specified range of movement
without the risk of fouling. Also that it is correctly and adequately locked, clean and
correctly lubricated and is working in the correct sense in relation to the movement of
the control by the crew.

PERSONS AUTHORISED TO CERTIFY DUPLICATE INSPECTIONS

Persons authorised to make the first and second parts of the duplicate inspection of the
control systems in accordance with BCAR Section A Chapter A6-2 are as follows:

Aircraft engineers appropriately licensed in Categories A, B, C, and D.

Members of appropriately Approved Organisations who are considered by the Chief
Inspector competent to make such inspections, in accordance with Airworthiness
Notice No. 3.

For minor adjustments to control systems when the aircraft is away from base, the
second part of the duplicate inspection may be performed by a pilot or flight engineer
licensed for the type of aircraft concerned.

Certification. It is recommended that the certification of the duplicate inspection be in
the following form:

Duplicate inspection performed in accordance with the requirements of BCAR, Section

A Chapter A6-2.

1st Inspection .......cccccveveeeeeeeecccinnenen, signature
.................................... authority

2nd INSPection.......cccceeveeerieeeeiieeeieenn signature
.................................... authority
Date ...
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Purpose of Controls
For steady flight the aircraft must be in a state of balance (zero moments around the axes)

and the controls enable this to be achieved for all possible configurations and CG positions.
Secondly the controls will be required to manoeuvre the aircraft around its three axes.

Moments around the Axes

e Longitudinal Axis. Rotation around the longitudinal axis is rolling and is controlled by the
ailerons, or for some aircraft, spoilers, or by a combination of the two.

e Lateral Axis. Rotation around the lateral axis is pitching and is controlled by the
elevators, or by a moving tailplane.

¢ Normal Axis. Rotation around the normal axis is yawing and is controlled by the
rudder.

On some of aircraft, rotation around two of the axes may be achieved with one control surface:

e The elevon (elevator and aileron) used on tail-less aircraft gives both pitching and
rolling.

e The ruddervator (V tail) gives both pitching and yawing.

e The stabilator a moveable tailplane combining the dual function of horizontal stabilizer and
elevator i.e. gives both longitudinal stability and control.

The moment around an axis is produced by changing the aerodynamic force on the appropriate
aerofoil (wing, tail or fin) and this may be done by:

* changing the camber of the aerofoil
» changing the angle of attack (incidence) of the aerofoil

» decreasing the aerodynamic force by “spoiling” the airflow

Increasing the camber of an aerofoil will
increase its lift, and deflecting a control
surface down effectively increases its camber.

This principle can be applied to control about
each of the axes, the elevator for pitch, the
aileron for roll, and the rudder for yaw.

Increasing the incidence and hence the angle
of attack of an aerofoil will also increase its lift.
The usual application of this system is for pitch

control - the moving tail (stabilator). Figure
8.1. Figure 8.1
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The spoiler is a device for reducing the lift of an aerofoil, by disturbing the airflow over the
upper surface. It is used to give lateral control by reducing the lift on one wing but not on the

other.

SPOILER

&.

Figure 8.2

Hinge Moments

If an aerodynamic force acts on a control surface, it will tend to rotate the control around its
hinge, in the direction of the force. The moment will be the force multiplied by the distance
from the hinge to the control surface centre of pressure. This is called the hinge moment. The
force may be due to the angle of attack of the aerofoil or the deflection of the control surface.

It is assumed that the total hinge moment is the sum of the separate effects of angle of attack
and control surface deflection. To maintain the control in its position the pilot has to balance
the hinge moment by applying a load to the cockpit control. The cockpit control load wiill
therefore depend on the size of the hinge moment.

HINGE MOMENT =F x d

Ny —

Figure 8.3

Control Balancing

The aerodynamic force on the control at a given deflection will depend on the size of the
control surface, and the speed squared. For large and fast aircraft the resulting force could give
hinge moments and stick forces which would be too high for easy operation of the controls.

The pilot will require assistance to move the controls in these conditions, and this can be done
by using power operation, or by using aerodynamic balance.
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Aerodynamic Balance

Figure 8.4

Aerodynamic balance involves using the aerodynamic forces on the control surface, to reduce
the hinge moment, and may be done in several ways:

e Set back hinge line. The moment arm of the control surface force is the distance from the
hinge to the centre of pressure on the control surface. If the hinge is moved back into the
control surface, the arm and the hinge moment will be reduced.

Setting the hinge back does not reduce the effectiveness of the control, only the hinge
moment of the force is reduced, not the force itself.

* Horn Balance. The principle of the horn balance is similar to that of the set back hinge,
in that part of the surface is forward of the hinge line, and forces on this part of the
surface give hinge moments which are in the opposite direction to the moments on the
main part of the surface. The overall moment is therefore reduced, but not the control

effectiveness.

Figure 8.5
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* Internal Balance. This balance works on the same principle as the set back hinge, but the

balancing area is inside the wing.

BALANCE SEAL

Figure 8.6

Movement of the control causes pressure changes on the aerofoil, and these pressure
changes are felt on the balance area. For example, if the control surface is moved down,
pressure above the aerofoil is reduced and pressure below it is increased. The reduced
pressure is felt on the upper surface of the balance, and the increased pressure on the lower
surface. The pressure difference on the balance therefore gives a hinge moment which
is the opposite to the hinge moment on the main control surface, and the overall hinge

moment is reduced.

Balance Tab. All the types of balance considered above provide balance by
causing some of the pressures on the control surface to act forward of the hinge line. The
balance tab causes a force to act on the control surface trailing edge, which is opposite
to the force on the main control surface. The tab is geared to move in the opposite
direction to the control surface whenever the control surface is deflected.

Figure 8.7

Unlike the previous types of balance, the balance tab will give some reduction in control
effectiveness, as the tab force is opposite to the control force.

Anti-balance Tab. The anti-balance tab is geared to move in the same direction as the
control surface, and so will increase the control effectiveness, but of course will increase the

hinge moment and give heavier stick forces.

Figure 8.8
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e Spring Tab. The spring tab is a modification of the balance tab, such that the tab movement
is proportional to the applied stick force. Maximum assistance is therefore obtained when
the stick forces are greatest. This is achieved by putting a spring in the linkage to the tab.
The spring tab is used mainly to reduce control loads at high airspeeds.

Stick Without Spring Tab
Force
- With Spring Tab
_ 7
7
7
‘d
Speed
Figure 8.9

Low Air Loads

High Air Loads

Figure 8.10

e Servo Tab. The purpose of the servo tab is to enable the pilot to move the control surface
easily. In this system there is no direct movement of the control surface as a result of moving
the cockpit control. The pilot’s control input deflects the servo tab, and the force on the
tab then deflects the control surface until an equilibrium position is reached. If the aircraft
is stationary on the ground, movement of the cockpit control will give no movement of the
control surface, only of the tab, and it should be noted that if external control locks are
fitted to the control surface, the cockpit control will still be free to move.

Pilot Input

-~

BN

Figure 8.11 Servo Tab

171

Flight Controls !



sj013u0) 8N4 n

Flight Controls

Mass Balance

Mass balance is a weight attached to the control surface forward of the hinge. Most control
surfaces are mass balanced. The purpose of this is to prevent control surface flutter. Flutter
is an oscillation of the control surface which can occur due to the bending and twisting of the
structure under load. If the centre of gravity of the control surface is behind the hinge, its
inertia causes it to oscillate about its hinge when the structure distorts. In certain circumstances
the oscillations can be divergent, and cause failure of the structure.

Flutter may be prevented by adding weight to the control surface in front of the hinge line.
This brings the centre of gravity of the control forward to a position which is normally close to,
or slightly in front of the hinge, but always to the point required by the designers. This reduces
the inertia moments about the hinge and prevents flutter developing. Figure 8.12 illustrates

some common methods of mass balancing.

g{!f

Figure 8.12

Longitudinal Control

Control in pitch is usually obtained by elevator or by a moving tailplane, and the controls must
be adequate to balance the aircraft throughout its speed range, at all permitted CG positions
and configurations and to give an adequate rate of pitch for manoeuvres.
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Lateral Control

Lateral control is by the ailerons, producing a rolling moment by increasing the lift on one wing
and decreasing it on the other.

Adverse Aileron Yaw

The increased lift on the up-going wing gives an increase in the induced drag, whereas the
reduced lift on the down-going wing gives a decrease in induced drag. The difference in drag
on the two wings produces a yawing moment which is opposite to the rolling moment, that is,
a roll to the left produces a yawing moment to the right. This is known as adverse yaw.

Various methods have been adopted to reduce the adverse yaw, the main ones in use are:
« Differential ailerons. The aileron linkage causes the up-going aileron to move through a

larger angle than the down-going aileron. This increases the drag on the up aileron, and
reduces it on the down aileron, and so reduces the difference in drag between the two

wings.

e Frise ailerons. The Frise aileron has an asymmetric leading edge, as illustrated in

Figure 8.13

The leading edge of the up-going aileron protrudes below the lower surface of the wing,
causing high drag. The leading edge of the down-going aileron remains shrouded and
causes less drag.

¢ Aileron-rudder coupling. Inthissystem the aileron and rudder systems are interconnected,
so that when the ailerons are deflected the rudder automatically moves to counter the

adverse yaw.

If roll spoilers are used to augment the roll rate obtained from the ailerons, they will reduce the
adverse yaw, as the down-going wing will have an increase in drag due to the raised spoiler.

Inboard Ailerons

The ailerons are normally situated at the wing tip, to give the greatest moment for the force
produced. However this also means that they cause the maximum twisting and bending loads
on the wing. This can cause a loss of effectiveness or even reversal of the aileron. To reduce
these effects the ailerons can be mounted further inboard. Alternatively, two sets of ailerons
may be fitted, one set at the wing tip for use at low speeds when the forces involved are
low, and one set inboard for use at high speeds when the forces are greater and could cause
greater structural distortion. In summary, only the inboard ailerons are used when the flaps

are retracted.
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Flaperons

The flaps and the ailerons both occupy part of the trailing edge of the wing. For good take-
off and landing performance the flaps need to be as large as possible, and for a good rate of
roll, the ailerons need to be as large as possible. However, the space available is limited, and
one solution is to droop the ailerons symmetrically to augment the flap area. They then move
differentially from the drooped position to give lateral control. Another system is to use the
trailing edge moveable surfaces to perform the operation of both flaps and ailerons.

Spoilers

Spoilers may be used to give lateral control, in addition to, or instead of ailerons. The spoiler
consists of part of the upper surface of the wing which can be raised. It is illustrated in
Figure 8.2. Raising the spoiler will disturb the airflow over the wing and reduce the lift.
To function as a lateral control, the spoiler is raised on the wing which is required to move
downwards, and remains in its retracted position on the other wing. Unlike the aileron the
spoiler cannot give an increase of lift, and so a roll manoeuvre controlled by spoilers will always
give a net loss of lift. However the spoiler has several advantages compared to the aileron:

* Thereis no adverse yaw. The raised spoiler increases the drag, and so the yaw is in the same
direction as the roll.

* Wing twisting is reduced. The loss of lift is distributed across the chord rather than being
concentrated at the trailing edge.

* At transonic speed its effectiveness is not reduced by shock induced separation.
* It cannot develop flutter.

* Spoilers do not occupy the trailing edge, which can then be utilized for flaps.

Combined Aileron and Spoiler Controls

On a few aircraft, lateral control is entirely by spoilers, but in the majority of applications the
spoilers work in conjunction with the ailerons. Ailerons alone may be inadequate to achieve
the required rate of roll at low speeds when the dynamic pressure is low, and at high speeds
they may cause excessive wing twist, and begin to lose effectiveness if there is shock induced
separation. Spoilers can be used to augment the rate of roll, but may not be required to
operate over the whole speed range. On some aircraft the spoilers are only required at low
speed, and this can be achieved by making them inoperative when the flaps are retracted.
Movement of the cockpit control for lateral control is transmitted to a mixer unit which causes
the spoiler to move up when the aileron moves up, but to remain retracted when the aileron
moves down.

Speed Brakes

Speed brakes are devices to increase the drag of an aircraft when it is required to decelerate
quickly or to descend rapidly. Rapid deceleration is required if turbulence is encountered at
high speed, to reduce the speed to the Rough Air Speed as quickly as possible. A high rate of
descent may be required to conform to Air Traffic Control instructions, and particularly if an
emergency descent is required.
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Types of Speed Brake

Ideally the speed brake should produce an increase in drag with no loss of lift or change in
pitching moment. The fuselage mounted speed brake is best suited to meet these requirements.
(Figure 8.14).

FUSELAGE MOUNTED
AIR BRAKE

WING MOUNTED
AIR BRAKE

Figure 8.14

However, as the wing mounted spoiler gives an increase in drag, it is convenient to use the
spoilers as speed brakes in addition to their lateral control function. To operate them as
speed brakes they are controlled by a separate lever in the cockpit and move symmetrically.
Speed brakes are normally cleared for operation up to V, , but may “blow back” from the fully
extended position at high speeds. Spoilers will still function as a roll control whilst being used
as speed brakes, by moving differentially from the selected brake position.

Effect of Speed Brakes on the Drag Curve

The drag resulting from the operation of speed brakes is profile drag, and so will not only increase
the total drag but will also decrease Velocity Minimum Drag, V_,. Thisis advantageous at low
speeds as the speed stability will be better than with the aircraft in the clean configuration.

Ground Spoilers (Lift Dumpers)

During the landing run the decelerating force is given by the aerodynamic drag and the drag of
the wheel brakes. The wheel brake drag depends on the weight on the wheels, but this will be
reduced by any lift that the wing is producing. The wing lift can be reduced by operating the
wing spoilers. Both the brake drag and the aerodynamic drag are therefore increased, and the
landing run reduced. On many aircraft types, additional spoilers are provided for use on the
ground. These ground spoilers are made inoperative in flight by a switch on the undercarriage
leg which is operated by the extension of the leg after take-off.

Directional Control
Control in yaw is obtained by the rudder. The rudder is required to:

* maintain directional control with asymmetric power

» correct for crosswinds on take-off and landing

* correct for adverse yaw

* recover from a spin

e correct for changes in propeller torque on single-engine aircraft
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Excessive Rudder Deflection

With a simple control system, full rudder pedal movement will provide full rudder deflection.
With high speed aircraft, while it is necessary to have large rudder deflections available at low
speed, when flying at high speed, full rudder deflection would cause excessive loads on the
structure. There are two main systems used to prevent excessive rudder deflection.

Rudder Ratio Changing and Variable Stop Systems

Rudder ratio changing
In this system the rudder pedals move through their full range at all speeds but the rudder
deflection reduces with increasing IAS.

Variable stop systems

Movement of the rudder is directly proportional to pedal travel. The movement of both pedals
and rudder are reduced with increasing IAS. The rudder pedal travel (arc of movement) reduces
with increasing IAS, therefore the travel of the rudder is reduced. This will usually begin at
165 kt.

Trimming

An aeroplane is trimmed when it will maintain its attitude and speed without the pilot having
to apply any load to the cockpit controls. If it necessary for a control surface to be deflected
to maintain balance of the aircraft, the pilot will need to apply a force to the cockpit control to
hold the surface in its deflected position. This force may be reduced to zero by operation of the
trim controls. The aircraft may need to be trimmed in pitch as a result of:

e changes of speed
e changes of power
e varying CG positions

Trimming in yaw will be needed:

* on a multi-engine aircraft if there is asymmetric power
* as a result of changes in propeller torque

Trimming in roll is less likely to be needed, but could be required if the configuration is
asymmetric, or if there is a lateral displacement of the CG.

Methods of Trimming
Various methods of trimming are in use, the main ones are:

e the trimming tab

 variable incidence tailplane

e spring bias

e CG adjustment

e adjustment of the artificial feel unit
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Trimming Tab

The trimming tab is a small adjustable surface set into the trailing edge of a main control
surface. Its deflection is controlled by a trim wheel or switch in the cockpit, usually arranged to
operate in an instinctive sense. To maintain the primary control surface in its required position,
the tab is moved in the opposite direction to the control surface, until the tab hinge moment
balances the control surface hinge moment.

To balance control force, control surface moment  F1 d1
must be balanced by trim tab moment F2 d2 F2

<l ~

d2

F1

Figure 8.15

Fixed Tabs

Some trimming tabs are not adjustable in flight, but can be adjusted on the ground, to correct
a permanent out of trim condition. They are usually found on ailerons. They operate in the
same manner as the adjustable tabs.

Variable Incidence Tailplane

This system of trimming may be used on manually operated and power operated tailplane-
elevator controls. In the manual system the load on the elevator is felt on the control column,
but the load on the tailplane is not. To trim, the tailplane incidence is adjusted by the trim
wheel, until the total tailplane and elevator load with the elevator free, is equal to the balancing
load required. As an alternative to the trim wheel the variable incidence tailplane may be
operated by trim switches which operate in pairs. These are usually on the control wheel and
there may be a pair of levers mounted on the centre console. One switch or lever controls the
power, the other controls the direction of movement of the trimming device. Both must be
moved simultaneously in order to trim the aircraft. This is to prevent inadvertent operation of
the longitudinal trim system known as ‘“Trim-runaway’.
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STABILIZER
' TRIM SWITCHES
ONE SWITCH ARMS, THE Sg%}mmﬁ IL)OADED T0
OTHER OPENS TRIM ]
CONTROL UNIT VALVES
TO RELEASE BRAKE AND
POWER THE HYDRAULIC
MOTORS
BOTH SWITCHES MUST
BE PRESSED TO CONTROL
THE STABILIZER TRIM
CONTROL UNITS

CONTROL WHEEL

POSITIONED ON THE
OUTBOARD ARM OF
BOTH CAPTAIN’S AND
CO-PILOT’S CONTROL
YOKES

Figure 8.16 Controls for variable incidence tailplane

' BEFORE TRIM

INPUT FROM
TRIM CONTROL

—bAF TER TRIM

/s

Figure 8.17
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The main advantages of this system are:

* the dragis less in the trimmed state, as the aerofoil is more streamlined

* trimming does not reduce the range of pitch control, as the elevator is approximately neutral
when the aircraft is trimmed.

In a power control system the load on the elevator is not felt on the cockpit control, but
trimming by adjusting the tailplane incidence may still be used as the above advantages are
still obtained. The amount of trim required will depend on the CG position, and recommended
stabilizer settings will be given in the aircraft Flight Manual. It is important that these are
correctly set before take-off, as incorrect settings could give either an excessive rate of pitch
when the aircraft is rotated, leading to possible tail strikes, or very heavy stick forces on rotation,
leading to increased take-off distances required.

Spring Bias

In the spring bias trim system, an adjustable spring force is used to replace the pilot’s holding
load. No tab is required for this system.

CG Adjustment

If the flying controls are used for trimming, this results in an increase of drag due to the
deflected surfaces. The out of balance pitching moment can be reduced by moving the CG
nearer to the centre of pressure, thus reducing the balancing load required and therefore the
drag associated with it. This will give an increase of cruise range. CG movement is usually
achieved by transferring fuel between tanks at the nose and tail of the aircraft.

Artificial Feel Trim

If the flying controls are power operated, there is no feedback of the load on the control
surface to the cockpit control. The feel on the controls has to be created artificially. When
a control surface is moved the artificial feel unit provides a force to resist the movement of
cockpit control. To remove this force (i.e. to trim) the datum of the feel unit can be adjusted
so that it no longer gives any load.
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Mach Trim

The wing centre of pressure moves rearward as aircraft approach high subsonic speed and this
produces large nose down pitching moments known as “tuck under” It is essential that the
aircraft is fitted with an automatic system of correcting this change in attitude. This system is
known as “mach trim” and is designed so that it will operate whether or not the autopilot or
some other method of automatic flight control is engaged. the system senses speed increases
above a datum mach number and, through a servo system produces the appropriate movement
of the horizontal stabilizer or a centre of gravity shift to maintain the trimmed flight position.

See Figure 8.18.

Centre of
pressure
A A

= 9 —
\ v A 4 4

Front Centre of Rear
trim gravity trim
tank tank
Centre of
pressure

|
\l; e + ==
v _%v Fuel transfer to
A 4

Front Rear balance
trim Centre of trim
tank gravity tank

Figure 8.18 Mach trim by fuel transfer

Trim, Flap and Speed Brake Selectors

These controls are on the centre pedestal and usually consist of a large wheel for longitudinal
trim and smaller wheels or switches for lateral and directional trim (see Figure 8.19).

Flap and speed brake selectors are also on the centre pedestal. The flap lever usually has a
detent or gate between each flap position to prevent inadvertent operation and between
three and five positions depending on the aircraft type. The speed brake selector is shown in

Chapter 7.
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Speed brake
lever

Pitch
trim

Centre
console

Aileron

trim
\

Rudder

Thrust levers

Flap/slat
selector

)

trim

Figure 8.19 Controls for flap/slat, trim and speed brake
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Control Position Indicators

The position of the controls is shown on the electronic systems displays on modern jet transports
but some older aeroplanes still use “baby aeroplane” mechanical indicators.

L cC R
HYD QTY 0.99 1.00 0.98
APU EGT 440 RPM103  CABIN ALT AUTO 1
OXY PRESS 1750 ELEV FEEL

ﬁ

AlL ELEV AlL

Control Position Indicators

Figure 8.20 Electronic display
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Introduction

On some modern aircraft, the flying controls are subjected to heavy loads due either to the
movement of large control surfaces or by the operation of the controls at high speeds. The
maximum control loads are specified in CS-25.

To reduce the stick forces created by these heavy air loads, hydraulic or electric power is used.
The majority of powered flying controls are hydraulically operated and, depending on the
degree of assistance required, will be either powered or power assisted.

Power Operated Controls
The essential components of a simple power operated control system are:

¢ A hydraulic actuator
¢ A servo or control valve
¢ An artificial feel unit

The above components must also incorporate some form of control ‘follow up’ or ‘feed back’
to ensure that the control surface movement is proportional to the amount of selection made
and some form of feel which is proportional to the air loads on the control surfaces.

3| SERVO-VALVE
A A
A
CONTROL
ACTUATOR | 3| ot
Y Y
FOLLOW UP
ARTIFICIAL | | ARTIFICIAL | |CUTS OUT THE
FEEL UNIT FEEL UNIT OPERATION |€—— FEEI?:ACK <—

Figure 9.1 System requirements
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Operation

When the control column is pulled back, the control valve is selected over to the left via the
control linkage. This action opens the left hand port of the actuator to hydraulic pressure
whilst opening the right hand port to return. Hydraulic pressure will now move the actuator
housing over to the left (since the piston is fixed to the aircraft), thus raising the elevator.

<— INPUT>
ELEVATOR
O
B (& —
<—OUTPUT>
JACK RAM BOLTED TO
HYBES}%UC AIRCRAFT STRUCTURE

Figure 9.2 A fully powered flying control unit (PFCU)

As the actuator housing moves, it gradually repositions the control valve pistons until they
cover the actuator ports again, thereby cutting off further hydraulic supply and blocking off
the return port. This creates a hydraulic lock in the actuator and prevents further control
surface movement. Control surface movement is therefore proportional to the amount of
selection made on the control valve and provides the necessary follow up system. This is a non-
reversible system in that movement of the control surface cannot move the control column.

When the flying controls are power operated, some form of control unit duplication becomes
necessary to guard against system failure. This is often accomplished by having power operated
control units duplicated either in parallel or series. These units will have some form of power
reversion like the one shown and will be operated by separate hydraulic systems. Should either
system fail or be taken off line by the pilot, then the drop in hydraulic pressure will allow the
spring loaded piston to open the bypass channel and so prevent a hydraulic lock from forming
in the actuator. This then will permit the PFCU to follow the control movement of the backup
unit.

<— INPUT—>
< g >
ELEVATOR
8 [ €l 5
<— OUTPUT—>»> /
JACK RAM BOLTED TO
HYBE&ELIC CONTROL COLUMN

Figure 9.3 A power assisted flying control unit
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Artificial Feel Units

When hydraulic actuators are used to operate the controls, hydraulic pressure moves the control
surfaces thus removing from the pilot’s control any control feel. Under these conditions the
pilot would have no idea of the required amount of control surface movement to make and
hence would be in danger of over controlling the aircraft.

To prevent this from happening, artificial feel units are fitted to these systems which are
designed to give the pilot control feel which is proportional to the speed of the aircraft and to
the amount of control surface movement made. These units vary from a simple spring box as
shown in Figure 9.4, to a 'Q’ pot operating system.

A fully powered flying control unit is irreversible, and requires an artificial feel system.

A power assisted flying control unit is reversible, allowing feedback to the cockpit controls, and
does not require an artificial feel system.

4—-___5 —

=

Figure 9.4

Movement of the control column in either direction will compress one or other of the springs.
A simple ‘Q’" pot unit is shown in Figure 9.5. This unit contains a simple piston which is
connected through a double linkage to the control column so that whichever way the control
column moves, the piston will be pulled forward against pitot pressure which is admitted to
the forward side of the pot. The rear side of the pot is open to static to enable the pressure
on the front side of the piston to measure dynamic pressure which ensures that control feed is
proportional to aircraft speed.

Pitot pressure - Static pressure = Dynamic pressure
P+1p V> - P = 2p V?
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<« Pitot Static

Pressure Pressure

Control Rod

Figure 9.5

To be effective, these ‘Q’ pots would have to be very large and so nowadays these units are
used in conjunction with a hydraulic spool valve selector which supplies hydraulic fluid to the
piston. Figure 9.6 shows a simple ‘Q’ pot operated feel unit.

sjo43u0) Suikj4 pasamogd i

Bleed to

Return qQ, Pot

Pitot Pressure
Static Pressure

Piston Refurn

Hydraulic Pressure

Figure 9.6
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Operation

With the forward movement of the aircraft, pitot pressure is fed to the upper chamber of the
'Q’ pot section of the unit, pushing down the diaphragm. The faster the aircraft flies, the
greater will be the pressure on top of the diaphragm. The diaphragm is connected to a spool
type selector valve so that the downward movement of the diaphragm opens the pressure
port and partially closes off the return port. Hydraulic fluid admitted to the unit will then pass
to the forward side of the piston and through a narrow channel to the underside of the spool
valve to dampen its downward movement. The faster the aircraft flies therefore, the higher
will be the pitot pressure pushing down on the diaphragm and the greater will be the opening
of the pressure port in the selector which means that the pressure in front of the piston will
increase thereby increasing the resistance to further control movement. The return port is
never fully closed as this would otherwise cause a hydraulic lock to form in the system. Large
control movement will have a similar effect on control feel as high speed flight does.

Figure 9.7 shows the two principal units in any fully powered flying control system.

NOTE: The artificial feel unit is connected in parallel to the pilot’s control column.

Pressure

— Return

Control Valve

Oy

Return

Pitot Pressure
Static Pressure

Return

Hydraulic Pressure

Figure 9.7
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Artificial Feel System

The artificial feel system shown in Figure 9.8 uses both spring and hydraulic feel. Spring feel
units may be adequate at low speeds, but at higher speeds, greater resistance to cockpit control
movement is needed to prevent overstressing the aircraft structure.

The double cam on the aft elevator control quadrant illustrates the tendency of the artificial
feel system to put the control column into the neutral position. If the pilot moves the control
column he must compress the spring and overcome the force exerted on the hydraulic piston.

The feel computer provides the hydraulic feel. Pitot pressure is delivered to the top side of
the airspeed diaphragm and static pressure is fed to the other side of the diaphragm. The
diaphragm exerts a downward force on two sets of springs, one on top of the stabilizer position
cam, the other above the metering valve and this force is proportional to the aircraft speed.

Feel Computer B/ellows
Pitot Pressure /
ONO
Static Pressure ONO
ONO
Control

Column

o Q
M8
Relief Valve \ S E l
©

Return€—=— |
Hydraulic M——L| ON)/
} Metering
Val
Quadrants o :ﬂ alve
Vo
] / | VA =
)4 e © N
D Q \ Hydraulic Pressure Stabilizer
/e\ / Return /
To PCU {—j “«——Spring Feel Q@)

Figure 9.8

Metered pressure forces exerted against the internal horizontal surfaces of the metering valve
balance each other and tend to hold it in the neutral position. If the metered pressure exerted
against the relief valve at the top of the metering valve is enough to balance the downward
force exerted on it by the diaphragm and the spring, then the pressure inlet port remains
closed.

When the airspeed increases, the downward force on the metering valve increases and
overcomes the metered pressure force and moves the metering valve down, opening its interior
to the hydraulic pressure line until the metered pressure balances the downward force on the
metering valve. The metering valve continually modulates to compensate for metered pressure
bleed to return.

If the pilot moves the control column, he has to force the hydraulic feel piston up into the
cylinder and in so doing overcome the hydraulic force acting on the piston. The force exerted
by the pilot is transferred to the relief valve which opens slightly against pitot pressure acting
downwards on it and allows hydraulic fluid to bleed to return.
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The feel computer also incorporates a load relieving trim system connecting the horizontal
stabilizer to the relief valve via the stabilizer position cam and the bellows. Operation of the
elevators places a stick force on the pilot’s controls which needs to be removed once control
movement has been completed. To remove this stick force, the pilot trims the variable incidence
stabilizer until the stick force is cancelled and the elevator returns to the neutral position.

Feel Trim System

Figure 9.9 shows a basic sketch of a hydraulically operated artificial feel unit with feel trim
included. Normal operation of the controls creates a stick force which requires trimming out.
This is achieved by operation of the trim wheel which will relieve the downward pressure on
the metering valve by allowing the bellows to expand downwards at the same time as it trims
the tailplane or elevator to fly ‘Hands Off".

Return

Pitot Pressure

R} @

Figure 9.9

Figure 9.10 shows a simplified schematic sketch of a powered flying controls system to be

found on a modern civil ai

rcraft.

SP”t;Ot Feel Feel
y'sQe’m Computer Unit

Stabilizer T Neutral j
Position 7 shift
Trim
Autopilot
Flight Control
Computers

Actuator Q%
System ‘B’

System ‘A’

Figure 9.10
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Fly by Wire (FBW) Systems

A fly by wire system is a powered flying control system that uses electronic inputs to a solenoid
operated servo valve rather than the mechanical inputs on conventional power controls. The
pilot operates the flight deck controls, which may be a side stick as with Airbus aircraft or a
conventional control column and rudder pedals. This in turn operates transducers which convert
the mechanical input into an electrical output which is amplified, processed by computers
with the processed command signal providing the input to the servo valve which controls the
movement of a hydraulic actuator. The A320 is a typical example of an aircraft with a FBW
system in which all surfaces are actuated hydraulically and are electrically or mechanically
controlled. The main controls architecture is as follows.

Pitch Control
Elevator control electrical.

Stabilizer control electrical for normal or alternate control. Mechanical for manual trim control.

Roll Control
Ailerons electrical.
Spoilers electrical.

Yaw Control

Rudder mechanical with electrical for yaw damping, turn co-ordination and trim.

Slats and Flaps electrical.

Speed Brakes electrical.

The flight deck controls consist of two side sticks, conventional rudder pedals and pedestal
mounted controls and indicators.

Electrical control is by three types of computer:

e ELAC (Elevator Aileron Computer)
There are two of these computers which control the ailerons, elevators and stabilizer.

e SEC (Spoilers Elevator Computer)
There are three of these computers which control the upper wing surfaces and the
standby elevator and stabilizer.

* FAC (Flight Augmentation Computer)
There are two computers for electrical rudder control.
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COMMANDS DIGITAL
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Figure 9.11 Fly by wire block diagram

Advantages and Disadvantages of FBW in Comparison to a Conventional
Flight Control System

Weight

FBW systems can be lighter than a conventional system as FBW does not require the heavy
control cables. On a transport aircraft using FBW the natural stability can be relaxed, which
means the stabilizing surfaces can be made smaller. These both provide a significant reduction
in fuel consumption

The main problem with FBW is that of reliability. Conventional systems tend to fail slowly. The
loss of a flight computer would result in a loss of control immediately. This means some form
of redundancy is required and this can be achieved by either additional computers, mechanical
or hydraulic back-up.

Pilot Workload
Pilot workload can be reduced by computers making many of the inputs and through support
including automatic control features such as turn co-ordination and auto trim

Flight Envelope Protection

The system will prevent the pilot pitching the aircraft beyond the stalling angle of attack. It
will also allow the pilot to operate the controls positively up to the 2.5g limit without fear of
overstressing the aircraft
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Figure 9.12 Flight protection

Redundancy

Safeguards to eliminate the possibility of loss of control in the event of hydraulic or electrical
failure must be provided on modern transport aircraft. This is generally achieved by building
some form of redundancy into the control system. Splitting the control surfaces into two or
three sections, each powered by separate actuators and hydraulic systems is the usual method.
Computer system redundancy is also provided in the case of Airbus aircraft as shown in
Figure 9.13.

194



Powered Flying Controls

2 Elevator, Aileron
Computers

ELAC 1
L]

[ LAF

—— GND-SPL —
| — SPD-BRK

3 Spoiler, Elevator
Computers

2

| ROLL

Y - Yellow hydraulic system

—— GND-SPL —
— SPD-BRK T |

2 Flight Augmentation
Computers

(el

LAF ]

ROLL |

3 3 Norm Control 3

SEC-------"="=--=-------- 2 stby Control 2--

Horizontal Stabiliser
Trim Actuator

B - Blue hydraulic system
G - green hydraulic system

G
Fac 1—HGH Y
B

L Elev
5T G FAC1-HYH
ELAC--1----2---}-2-4---=-----2---+1--~- ELAC  vaw M
SEC --1-==--2---b---qf-2----m-2--=f-=- SEC Damper
Actuator

Figure 9.13 Flight control redundancy

Protection against Jamming of Controls

In addition to redundancy aircraft are required to have protection against controls jamming. It
is possible for control systems or individual actuators to jam.

On some aircraft the pilots have disconnect levers, these are usually brightly painted on
the centre pedestal and operate pitch and roll disconnects. Pulling or turning one handle
disconnects the elevator with each pilot in control of his side. The other handle is the roll
disconnect and this usually gives the captain control of the roll spoilers and the co-pilot control
of the ailerons. It should be noted that there are many different disconnect systems and that
there may be a reduction in roll rate.

Other aircraft types have cross linked control systems that employ a number of override or
breakout connectors to protect against single point jams.

There are also other aircraft that have a series of shear rivets. In these systems the yokes are
usually tied with shear rivets in the aileron, elevator and rudder systems. Should the ailerons
become jammed, the yokes are turned towards each other to shear the rivet. This would allow
the remaining aileron to be used. Similar procedures are used for the elevators and rudder.
Rudder centring may be lost when this type of protection is used.

195

Powered Flying Controls !



Questions

Questions
1. The purpose of pulley wheels in cable control systems is:
a. to ensure the cable tensions are equal throughout the system
b. to change the direction of the control cable
C. to ensure smooth operation of the system
d. to prevent the cable from slackening

2. The purpose of the primary stops in a control system is:

to set the range of movement of the control surface
to enable the secondary stops to be correctly spaced
to limit control movement to one direction only

to set the control surface neutral position

anoTo

The purpose of the secondary stops in a control system is:

to reduce the control loads on the primary stops

to limit control surface range in the event of primary stop failure
to limit the secondary control system from excessive movement
to remove the excess backlash in the controls

suoilsand H
w

anoTo

4., The purpose of the fairleads in a cable control system is to:

alter the angle of deflection of the cables

to guide the cables on to the pulley wheels

to attach the cables to chain drives

to keep the cable straight and clear of structure

anoTo

5. In a cable control system cables are tensioned to:

remove backlash from the control linkage
provide tension on the turnbuckles
provide positive action in both directions
ensure the full range is achieved
compensate for temperature variations

uhRWN=

1,3 and 5 only
3 only

4 only

all the above

anoTo

6. In a cable control system the cables are mounted in pairs to:

remove backlash from the control linkage
provide tension on the turnbuckles
provide positive action in both directions
ensure the full range is achieved
compensate for temperature variations

uhRWN=

1,3 and 5 only
3 only

4 only

all the above

anoTo
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10.

In a manual flying control system the control inputs to the primary control surfaces:

are reversible

are irreversible

are instinctive for the movement required

are opposite for the movement required

are limited in range by flight deck obstructions

uhwN=

1 and 4 only
2 and 4 only
1 and 3 only
1,3 and 5 only

op oo

To yaw the aircraft to the right:

the right rudder pedal is pushed forward and the rudder moves to the left
the right rudder pedal is pushed forward and the rudder moves to the right
the left rudder pedal is pushed forward and the rudder moves to the left
the left rudder pedal is pushed forward and the rudder moves to the left

op oo

To roll the aircraft to the right:

a. the rudder control is moved to the right, the right aileron moves up and the
left down

b. the aileron control is moved to the left and the right aileron moves up and the
left down

C. the aileron control is moved to the right and the right elevator goes up and
the left one down

d. the aileron control is moved to the right, the right aileron goes up and the left
one down

The advantages of a cable control are:

light, very good strength to weight ratio
easy to route through the aircraft

less prone to impact damage

takes up less volume

less bolted joints

uhWwN=

1, 2 and 4 only
3 and 5 only
1,2 and 5 only
all the above

opoo
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Aircraft Pneumatic Systems

A pneumatic system is fitted in most modern aircraft to supply some or all of the following
aircraft systems.

* Air conditioning

Pressurization
* Aerofoil and engine anti-icing
¢ Air turbine motors

e Engine starting

e Hydraulic power

* Thrust reverse

* Leading and trailing edge flap/slat operation

* Pneumatic rams, e.g. thrust reverser actuation
e Hydraulic reservoir and potable water tank pressurization
» Cargo compartment heating

Most of these systems use high volume low pressure airflow bled from the compressor stages
of a gas turbine engine, see Figure 10.4 and Figure 10.5. Other sources of supply are engine
driven compressors or blowers, auxiliary power unit bleed air and ground power units.

Some older turbo-propeller and piston engined aircraft use high pressure pneumatic systems for
the operation of landing gear, brakes, flaps etc. (Fokker F.27) but these aircraft are a minority
and hydraulic power has become the normal method of operation for these systems.

Air Conditioning Systems

The air conditioning or environmental control system is fitted to an aircraft to regulate the
temperature, quantity and quality of the air supply to the passengers and crew. This conditioned
air is also used, with additional components, for ventilation and pressurization of the aircraft.

Humidity within the cabin is not generally controlled. Water is removed by the air conditioning
system and a certain amount introduced but humidity is not regulated to a specific level.

Modern aircraft are pressurized for the following reasons.

e The aircraft can fly at an altitude where it can operate efficiently, economically and avoid
the worst of the weather conditions whilst maintaining cabin pressure at a comfortable
level.

e Aircraft can achieve high rates of climb and descent with small corresponding rates of cabin
pressure changes.

The requirements of an air conditioning system as laid down in BCARs are described below.
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Provision of Fresh Air

Fresh air must be provided at a rate of 1 Ib per seat per minute in normal circumstances, or at
not less than 0.5 |b following a failure of any part of the duplicated air conditioning system.
(There are no EU-OPS figures quoted except for crew which is “not less than 10 cubic ft per
minute per crew member”.)

Temperature
Cabin air temperature should be maintained within the range 65°F to 75°F, (18°C to 24°C).

Relative Humidity
Ideally the relative humidity within the cabin should be approximately 30%.

Note: the relative humidity at 40000 ftis only 1 to 2%

Contamination
Carbon monoxide contamination of the cabin air must not exceed 1 part in 20000.

Ventilation
Adequate ventilation must be provided on the ground and during unpressurized phases of
flight.

Duplication

The air conditioning system must be duplicated to the extent that no single component failure
will cause the provision of fresh air to fall to a rate which is lower than 0.5 |b per seat per
minute. An aircraft air conditioning system must be capable of maintaining an adequate supply
of air for ventilation and pressurization at a temperature and relative humidity which ensures
comfortable conditions for both passengers and crew. These requirements are met as follows:

Adequate Supply
The mass flow of air into the cabin is maintained at a constant value which must be sufficient
to achieve cabin pressurization when cruising at maximum operating altitude.

Temperature
The temperature of the air supply to the cabin is controlled by mixing hot and cold air in
variable proportions to maintain the cabin air temperature within prescribed limits.

Humidity

Moisture is removed from, or added to, the cabin air supply to maintain a comfortable level
of humidity. The method of conditioning will vary depending upon the type of aircraft, the
power unit and the operating characteristics of the aircraft concerned.
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Systems Used for Non-pressurized Flight

Ram Air Systems

In these systems, which are used in used in unpressurized piston engined aircraft, ambient
atmospheric air is introduced to the cabin through forward facing air intakes. Some of this ram
air can be heated by exhaust or combustion heaters and then mixed with the cold ambient air
in varying proportions to give a comfortable cabin temperature. It is of extreme importance
that the supply (ram) air does not come into contact with, or is contaminated by, the exhaust
gases or the air used for combustion.

A typical system for a light aircraft is shown in Figure 10.1 which also features hot windscreen
demisters and a fresh air blower for use on the ground when there is no ram air. The heater
muff or exhaust muff is a close fitting cowl around the exhaust pipe which allows ram air to
come into close contact with the hot exhaust pipe to provide hot air for heating the cabin.
Fresh cold air can be allowed into the cabin through the ram air inlets on the wing leading
edge. After use the air is dumped overboard through a vent on the underside of the aircraft.

FRESH AIR . 7/ /
BLOWER FOR ~o /o /
USE ON THE ‘ / /

GROUND

WINDSCREEN

AR
DEMISTER INLET
EXHAUST . /) DI EXHAUST AIR
N Sy
- P COLD AIR
RAM ___ O -
R \ S\ ‘ CONTROL

AIR
INLET

Figure 10.1 Light aircraft hot and cold air system
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Combustion Heater

The fuel used in the heater is normally that which is used in the aircraft’s engines and the heater
works by burning a fuel/air mixture within the combustion chamber. Air for combustion is
supplied by a fan or blower and the fuel is supplied via a solenoid operated fuel valve. The fuel
valve is controlled by duct temperature sensors but can be manually overridden. The system
is designed so that there is no possibility of leaks from inside the chamber contaminating the
cabin air. In addition the system must be provided with a number of safety devices which must

include:

e Automatic fuel shut-off in the event of any malfunction.

* Adequate fire protection in the event of failure of the structural integrity of the combustion

chamber.

* Automatic shut-off if the outlet air temperature becomes too high.

Y
N

FUEL PUMP

FUEL
SHUT-OFF
VALVE

, P
| EXHAUST
— 1IH'L"IE! SPRAYER ‘I'ﬂl >
\

COMBUSTION IGNITION

BLOWER UNIT HOT AIR

CONTROL

Figure 10.2 A combustion heater
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Systems Used for Pressurized Flight

Engine Driven Cabin Supercharger (Blower) Systems

When a supply of air from the compressor of a gas turbine engine for air conditioning or
pressurization is not available, cabin air supply may be provided by blowers driven through the
accessory gearbox or by turbo-compressors driven by bleed air. Such systems were necessary
for piston engined and turbo-propeller aircraft and are used for some turbojet aircraft where
the air supply from the compressor is considered to be too dirty (contaminated).These blowers
may be of the centrifugal or positive displacement (Rootes) type.

The blower must be capable of supplying the required mass flow of air under all operating
conditions which means that at sea level with the engine running at high speed too high a mass
flow will be delivered, therefore in order to prevent over pressurization of the supply ducts, a
mass flow controller signals spill valves to vent the excess air flow to atmosphere. This method
is wasteful and is avoided where possible by using variable speed drives.

In such a system, the mass flow produced by the engine is dependent on the rotational speed
of the blower and the air density. This air can be heated by restricting the flow by means
of a choke valve which can be progressively closed to increase the temperature and pressure
of the air leaving the blower and opened to prevent excessive temperatures and pressures.
The hot and cold air supplies are mixed in varying proportions to maintain the delivery
temperature at a comfortable level for both passengers and crew. Selection and control may
be automatic or manual.

Comp SILENCER
COMPRESSOR
WATER

(BLOWER) SEPARATOR
TO
ATMOSPHERE

COOLING

L PACK

MASS FLOW
CONTROLLER HOT AIR
CHOKE VALVE BYPASS
HEAT VALVE TO
VALVE CABIN
Figure 10.3
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Engine Bleed Air Systems

This the most widely used method of supplying charge air for the air conditioning systems of
modern aircraft. Hot pressurized air is supplied to the bleed air duct from the LP/HP compressor.
A tapping is then taken from the duct to supply the air conditioning system. This air is passed
through a mass flow controller or a modulated engine bleed air valve and since the bleed air
supply is always at a higher temperature than that required for passenger comfort a means of
cooling this air is accomplished by the air conditioning pack.

The engine bleed air system consists of the power source (the engine) and control devices for
temperature and pressure regulation during operation. Because of the great variation of air
output available from a gas turbine engine between idle and maximum rpm there is a need
to maintain a reasonable supply of air during low rpm as well as restricting excessive pressure
when the engine is at maximum rpm. It is usual to tap two pressure stages to maintain a
reasonable pressure band at all engine speeds.
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Figure 10.4 Air sources and uses (schematic)
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Figure 10.5 Air sources and uses (pictorial)

Figure 10.4 shows a typical bleed air system with air being ducted from two stages of the
compressor, a low pressure (LP) stage and a higher pressure (HP) stage. In this case the stages
used are the 5th and 9th. The two sources are combined together at the High Pressure Shut-
off Valve (HPSQV). This valve is pressure sensitive and pneumatically operated and is open
when there is insufficient air pressure from the LP system to maintain the required flow. As
the engine speeds up the LP air pressure will increase until it closes the high pressure shut-off
valve so that, in all normal stages of flight, bleed air will come from the LP stages. The high
pressure shut-off valves are designed to open relatively slowly on engine start up or when air
conditioning is selected to minimize the possibility of a surge of air pressure. They are also
designed to close very quickly to prevent an ingress of fumes or fire to the cabin in the event
of an engine fire.

The bleed air control valve is the separation point between the engine and the pneumatic
system manifold and allows the bleed air to enter the pneumatic system and is controlled
electrically from the flight deck. Non-return valves (NRV) are installed in the LP stage ducts to
prevent HP air entering the LP stages of the engine when the high pressure shut-off valve is
open.

Most multi-engine aircraft also keep the supplying engines or sides separate with each engine
supplying its own user services. These are kept independent by isolation valves which are
normally closed but which may be opened if an engine supply is lost to feed the other side’s
services.
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The system will be fitted with a duct pressure gauge, valve position indicators and overheat
sensors both inside and outside the supply ducts.

The system will also be fitted with safety devices to prevent damage to the supply ducting due
to overpressure or overheat.

e Overpressure
This is usually caused by failure of the high pressure shut-off valve and a pressure relief valve
is fitted to the engine bleed air ducting. If the overpressure persists, a sensor bleeds off the
HPSOV opening pressure and forces the valve to close.

* Overheat
An electrical temperature switch downstream of the bleed air control valve will close the
valve if the temperature of the air reaches a predetermined level.

Both overheat and overpressure conditions will be indicated to the pilots by warning lights.
If an overheat occurrence took place, the bleed valve switch would be selected 'OFF and
the isolation valve opened to restore the lost system.

Air Cycle Cooling

This is the preferred system for most modern jet transport aircraft and uses the principles of
energy conversion and surface heat exchange for its operation. At the heart of the system is
the Cold Air Unit (CAU) of which the turbo-compressor, or bootstrap, is one basic type. The
CAU is often referred to as an air cycle machine (ACM).

Turbo-compressor (Bootstrap)

This is the most popular air cycle system in current use being used where high pressure bleed
air is not available or its use is undesirable as in the case of aircraft using high bypass ratio or
small turbo-propeller engines. The low pressure bleed air (or air from a blower) is pre-cooled
in the primary heat exchanger and then has its pressure boosted by the compressor. This is
done in order to make the energy conversion (i.e. heat and pressure to work) process across
the turbine more efficient. Between the compressor and the turbine is the secondary heat
exchanger which serves to remove any excess temperature rise across the compressor.

The point to note is the pressure rise across the compressor which allows the use of much lower
initial tapping pressures while still being able to achieve a sufficiently high pressure drop across
the turbine. In order to provide sufficient airflow across the cold air unit when the aircraft is
on the ground or at low speed in the air, a fan is provided to draw in air through the ram air
or ground cooling air ducts. The ram air doors may be opened and closed according to flap
position or modulated automatically by signals from the temperature control system. This fan
may be electrically powered or be a third wheel of the cold air unit.
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Figure 10.6 Typical bleed air (“bootstrap”) system
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Figure 10.7 Typical performance of a bootstrap system
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Heat Exchanger

These components operate on the principle of surface heat exchange and normally use ram air
as the cooling medium. They are designed to give a thermal efficiency of at least 80% of the
difference between the charge air temperature and the ambient air temperature but can never
reduce the charge air temperature below that of ambient hence the need for the cold air units.

Ground Cooling Fan

The ground cooling fan, as its name implies, allows the air conditioning system to be used when
the aircraft is on the ground by drawing (or pushing) air across the primary and, if necessary,
the secondary heat exchangers. It may be electrically driven or be powered by a third wheel
on the cold air unit.

Water Separator

Located downstream of the turbine of the air cycle machine, the water separator removes the
excess water which condenses during the cooling process. This is a problem at low altitude
and when running the system on the ground during conditions of high humidity. A safety
valve is provided to ensure that the flow of air to the cabin is safeguarded in the event of the
water extractor icing up. In some installations a temperature sensor controls an anti-ice bypass
valve which allows hot air to pass directly into the airflow between the turbine and the water
separator to prevent icing.

RELIEF
VALVE

COLLECTOR
COALESCER TUBES WATER
DRAIN

Figure 10.8 Water separator
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Humidifier

In aircraft operating at high altitudes for long periods of time it may be necessary to increase
the moisture content of the conditioning air from the 1-2% relative humidity of the ambient air
to a more comfortable level to prevent physical discomfort arising from low relative humidity.
This is the function of the humidifier, a typical example of which is shown below. The aircraft’s
drinking water supply is used and the water is atomized by air from the air conditioning supply.

>
HP AIR SUPPLY

{}{— CONTROL

~VALVE

HUMIDISTAT

DIFFUSER

\%/

Figure 10.9 “Venturi humidifier” humidity control

Ram Air Valves

The ram air valves (inlet and outlet doors) are opened and closed by the pack controller and
regulate the amount of air entering the ram air duct. This is done automatically as part of the
temperature control system and during landing and take-off in order to prevent ingestion of
foreign matter.

Mass Flow Controller

This component is fitted to ensure that a constant mass flow is supplied regardless of the
engine rpom. The mass flow controller spills excess air to atmosphere when used with blower
systems but the variable orifice valve fitted to bleed air systems is calibrated so that the total
aerodynamic effect on its internal mechanism automatically adjusts the orifice so that the
required mass flow passes to the system irrespective of changes in the value of the pressure
upstream and downstream of the unit.
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Temperature Control

The temperature of the air entering the cabin is usually achieved by mixing hot air with cooled
air. There are two basic methods of temperature control, mechanical and electromechanical.
The simple non-automatic manual method consists of valves which are manually positioned to
regulate the temperature by mixing hot and cold air prior to it entering the cabin. Automatic
control of the cabin, flight deck, cargo holds etc. temperature is achieved by comparing a pilot
selected temperature with the temperature of the mixed air inlet to the cabin etc. Sensors in
the cabin and the supply ducts are compared electronically with the selected value and any
difference modulates the hot air bypass valve to allow more or less air to pass through the
cooling components to obtain the correct temperature at the point of mixing. In manual
control the valves will move in response to hot/cold or increase/decrease selection.

SELECTOR PANEL
PACK VALVE

\\ | // AUTO

MASS FLOW
CONTROL

MAN

HOT AIR
VALVE

TEMP
SENSOR

MIXED AIR

Figure 10.10
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Air Distribution

Most passenger transport aircraft supply warm air to the cabin walls by means of floor and
wall passages which maintains the interior surfaces at cabin temperature, reducing draughts,
direct heat losses which in turn allows the entering air temperature to be closer to the cabin
temperature. The ducting is in two distinct sections to provide for separate flows of cold and
heated air. The cold (conditioned) air is supplied to the passengers through the gasper air
system. Conditioned air is also supplied to the flight deck to the crew stations where it can be
adjusted for flow direction and quantity. It is also supplied to the flight deck windows for de-
misting purposes.

—

n o e [ B - B B

m==s

DISTRIBUTION DUCTING

S
UPPER AIR » LOWER AIR
OUTLETS > ( \»\ OUTLETS

CABIN OUTLETS

OUTLET TO UNDERFLOOR

Figure 10.11 Cabin air distribution

Gasper Air

Gasper air is tapped from one of the zone supply ducts upstream of where trim air is added and
the gasper fan provides a positive supply of conditioned air to all zones through individually
controlled outlets (punkah louvres).

Trim Air

In order to avoid large temperature gradients between the extremities of the cabin it is often
necessary to divide the cabin into sections and deal with each as a separate distribution problem
(zone trim).

The temperature delivered by the packs is determined by the zone requiring the coolest air
input. Individual zone requirements are satisfied by adding hot trim air to the output of the
packs. The pressure and quantity of trim air is dependent on inputs from cockpit and cabin
temperature control systems. The pressure of the trim air is controlled by pressure regulating
valves.
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Recirculation Fans

These augment the air conditioning packs allowing the packs to be operated at a reduced
rate during the cruise which decreases engine bleed requirements and maintains a constant
ventilation rate throughout the cabin. The fans draw cabin air from the underfloor area
through filters then reintroduce the air into the conditioned distribution system. Air from
the region of toilets and galleys is not recirculated but is vented directly overboard by the
pressurisation discharge valves.
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Pressurization

Modern aircraft operate more efficiently at high altitudes and have high rates of climb and
descent.

In order to take advantage of these properties the interior of an aircraft flying at high altitude is
pressurized to allow passengers and crew to function normally without the need for additional
oxygen.

Insufficient oxygen or hypoxia will result in a reduction in the ability to concentrate, loss of
consciousness and, finally death. (The effects etc. are fully described in the Human Performance
notes).

Up to an altitude of 10000 ft (3.3 km), the air pressure and consequently the amount of oxygen
is sufficient for humans to operate without too many problems. However, lack of oxygen can
become apparent at altitudes above this and cabin pressurization systems are designed to
produce conditions equivalent to those of approximately 8000 ft (2.6 km) or less. This means
that there is no need for oxygen equipment except for emergency use by crew or passengers
and the effect of low atmospheric pressure on passengers is negligible.

Once the cabin altitude (the pressure altitude corresponding to the pressure inside the cabin)
reaches 10000 ft the crew must be on oxygen, and at 15000 ft cabin altitude the passengers
must be on emergency oxygen.

It also means that aircraft are able (when required) to achieve high rates of climb and descent
while making correspondingly small rates of change of cabin pressure.

The Aircraft Structure

The airframe structure must, therefore, be strong enough to withstand the differential
pressures generated without being too heavy and therefore uneconomic in operation.

The difference in pressure between the inside and outside of the pressurized areas of the
aircraft or differential pressure produces hoop stresses which are applied cyclically every time
the aircraft is pressurized and de-pressurized causing fatigue which can, ultimately, lead to
structural failure.

Keeping the maximum differential pressure to its lowest practical value reduces the hoop
stress. Pressurizing the cabin to the 8000 ft level reduces the stresses and therefore the fatigue
on the airframe as well as reducing the required structural strength and keeping the weight
of the aircraft down which increases the economy of operation and reduces the initial costs of
the aircraft.

Typical maximum differential pressures for large jet transport aircraft are between 8 and 9
psi (552-621 hPa). The passenger cabin, flight deck and cargo compartments are normally
pressurized with the undercarriage bays, tail and nose cones unpressurized.
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Pressurized and Non-pressurized Areas

Pressurized areas Unpressurized areas
Cockpit & Fwd/Aft cabins Radome
Nose u/c bay
Fwd/Aft hold
W cargo holds Centre section torque box
Main u/c bay
Tail cone

Figure 11.1 Pressurized and unpressurized areas

System Control

Cabin Pressurization is controlled by having a constant mass flow of air entering the cabin
and then varying the rate at which it is discharged to atmosphere. The constant mass flow of
air is supplied by the air conditioning system via the mass flow controller and is discharged to
atmosphere by the discharge or outflow valves.

The operation of these valves is governed by the pressure controller when in automatic control
and by the flight crew when in manual.

Closing the valve reduces the outflow and increases the pressure, opening the valve increases
the outflow and reduces the pressure. During the cruise the outflow valves form a thrust
recovery nozzle to regain lost thrust energy from the cabin exhaust air.

In addition to the outflow valves the following safety devices must be fitted to any cabin
Pressurization system.

Safety valve. A simple mechanical outwards pressure relief valve fitted to relieve positive
pressure in the cabin when the maximum pressure differential allowed for the aircraft type
is exceeded i.e. prevents the structural max. diff. being exceeded. This valve will open if the
pressure rises to max. diff. plus 0.25 psi.

Inwards relief (inwards vent) valve. A simple mechanical inwards relief valve is fitted to
prevent excessive negative differential pressure which will open if the pressure outside the
aircraft exceeds that inside the aircraft by 0.5 to 1.0 psi.
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The inwards and outwards safety valves may be combined together in one unit or may be
completely separate components and are positioned above the aircraft flotation line. The
outwards and inwards relief valves must be duplicated.

PRESSURE RELIEF VALVE

Figure 11.2 Air conditioning and pressurization valves

Dump Valve. A manually operated component, the Dump Valve, will enable the crew to
reduce the cabin pressure to zero for emergency dePressurization. This valve may also be used
as the air outlet during manual operation of the Pressurization system of an aircraft fitted with
pneumatic discharge valves.

Blow out panels are fitted between passenger and cargo compartments in order to prevent
excessive differences in pressure occurring between these areas in the event of, for example, a
cargo door opening in flight.
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Pressurization Controllers

Pressure controllers vary in construction and operation and may be pneumatic, electro-
pneumatic or, as is the case with most modern aircraft, electronic. Pneumatic controllers
comprise pressure sensing elements which are subject to both cabin and ambient pressures
as well as metering valves and controls for selecting the required cabin altitude and rate of
pressure change.

As the cabin pressure changes, the controller automatically transmits a signal to the outflow
(discharge) valves.

The outflow valves are positioned to regulate the release of air from the cabin at the pre-
selected rate to achieve the required differential pressure and eventual stabilization at the
required maximum differential pressure and are biased fully open when the aircraft is on the
ground. In addition some pressure controllers are fitted with a ditching control which will close
all the discharge valves to reduce the flow of water into the cabin in the event of a forced
landing on water.
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Figure 11.3 Electronic pressurization control

System Operation

Figure 11.3 shows the schematic arrangement of the pressurization control system of a modern
passenger transport aircraft. The automatic controllers are duplicated and have inputs from
the aircraft static pressure sensing system, the cabin pressure and air/ground logic system.
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If pre-pressurization is part of the schedule then inputs will be required from the thrust lever
positions and the door warning system.

The cabin altitude control panel is remote from the controller and will generally be fitted to
overhead panels on the flight deck.

There are two modes of operation, auto (1 & 2) and manual with the outflow valves being
electrically operated by either of the two AC motors under the control of the automatic
controllers or by the DC motor for emergency or manual operation.

Only one controller is in use at any one time, the other being on standby. The standby controller
will automatically take over in the event of failure of the other controller.

Selection of manual will lock out all normal automatic functions and enable the outflow valve(s)
to be positioned by the manual control switch via the DC motor. The pilot will set the controller
to produce the required flight profile (see Figure 11.4)

Taxi. When the aircraft begins to taxi the pressurization GROUND/FLIGHT switch is selected to
FLIGHT and the aircraft is pre-pressurized to a differential pressure (A) of 0.1 psi.

This ensures that the transition to pressurized flight will be gradual and that there will be no
surges of pressure on rotation and ingress of fumes from engines etc.

Take off and climb. As the aircraft takes off, the ‘ground/air’ logic system will signal the
controller to switch to proportional control. The controller will sense ambient and cabin
pressure and position the outflow valves to control the rate of change of cabin altitude in
proportion to the rate of climb of the aircraft (between 300 and 500 ft per minute).

Cruise. When cruise altitude is reached the controller will switch to isobaric control to maintain
a constant differential pressure.

Once established in the cruise small changes in altitude (+/- 500 - 1000 ft) will be accommodated
without any change in cabin pressure, however if the cruise altitude has to be increased
significantly, then the flight altitude selection will have to be reset.

If the maximum differential pressure has been reached the controller will not allow any further
increase in differential pressure and the aircraft will now be in Max. Diff. Control.

Descent and landing. At commencement of the descent the controller will switch back to
proportional control and will give a cabin rate of descent of 300 ft/minute to produce a diff.
pressure of 0.1 psi on touchdown (airfield altitude -200 ft).

With the ‘ground/air’ logic system now in ground mode, changing the cabin pressure controller
GROUND/FLIGHT switch to GROUND will drive the outflow valves to fully open to equalize
cabin and ambient pressures.

NOTE: On older aircraft the controller will reduce the differential pressure to zero on touchdown.
To summarize: if the differential pressure is increasing the discharge valves are closing, if the
differential pressure is decreasing then the discharge valves are opening and if the differential
pressure is constant then, since the mass flow in is constant, the discharge valve will not move.
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Figure 11.4 Pressurization profile

With the system in manual control, the outflow valve position can be varied by means of
the main outflow valve control and with reference to the cabin altitude gauge and the valve
position indicator. The maximum permissible rate of change of cabin pressure is 0.16 psi/min
(approximately a rate of climb or descent of 1500 ft/min).

Cabin rates of climb and descent should be carefully monitored and should not normally
exceed 500 ft/min during the climb or 300 ft/ min in the descent in order not to cause too
much discomfort for the passengers, particularly those with colds etc. and to reduce the effect
of rapid pressure changes in the ears.

System Instrumentation
The minimum indications required for a pressurization system are:

e Cabin Altimeter. This gauge reads cabin pressure but is calibrated to read this in terms of
the equivalent altitude of the cabin.

* Cabin Vertical Speed Indicator. This indicates the rate at which the aircraft cabin is climbing
or descending.

* Cabin Differential Pressure Gauge. This indicates the difference in the absolute pressure
between the inside and outside of the aircraft cabin and is generally calibrated in psi. In
the event of a malfunction of the pressure controller or outflow valve, this instrument
would indicate that the safety valves were controlling the cabin pressure at the structural
(emergency) maximum pressure differential.
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In addition to the above there must be both AURAL and VISUAL warnings when the cabin
altitude exceeds 10000 ft. These will take the form of a horn and red light on the Centralized
Warning Panel or warning caption on the appropriate EICAS or ECAM display.

CAB PRESS LDG ELEV AUTO 2(

V/SFT/MN  CABALT

soalts

SAFETY
L

a A

PACK 1 PACK 2

Pressurization Systems !

TAT -35 °C GW cooooooo
SAT 52 °C ‘

Courtesy of Airbus Industrie

Figure 11.5 Example of system instrumentation (A320)

Ground Testing and Checking

Pressurization systems must be checked at periodic intervals in order to ensure that there are
no serious leaks and that the pressure control components and safety devices are operating
correctly. The occasions on which these tests are carried out are:

* Initial proof pressure test.
* When specified in the maintenance manual.
» After actual or suspected system malfunction.

» After repairs and modifications to the aircraft pressure hull.
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The exact procedure to be followed when carrying out functioning and leak rate tests is specific
to type and will be laid down in the aircraft maintenance manual but may be required to
establish any or all of the following:

General functioning and temperature control.

Operation of pressurization controller(s) and normal maximum differential control.

Safety valve check (maximum structural differential pressure).

Leak rate check.

Altitude | Temperature | Pressure Press!Jre I(Dk(;nlsoi?r/ Fl;ﬂ:iizs
(ft) (°Q) (hPa) (psi) m’) (%)
0 +15.0 1013.25 14.7 1.225 100.0
5000 +5.1 843.1 12.22 1.056 86.2
10000 -4.8 696.8 10.11 0.905 73.8
15000 -14.7 571.8 8.29 0.771 62.9
20000 -24.6 465.6 6.75 0.653 53.3
25000 -34.5 376.0 5.45 0.549 44.8
30000 -44.4 300.9 4.36 0.458 37.4
35000 -54.3 238.4 3.46 0.386 31.0
40000 -56.5 187.6 2.72 0.302 24.6
45000 -56.5 147.5 215 0.237 19.4
50000 -56.5 116.0 1.68 0.186 15.2

ICAO Standard Atmosphere (Surface Density 1.225 kg per m?)
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Questions

Questions

1.

Main and nose wheel bays are:

onpoo

pressurized

unpressurized

conditioned

different, with the mains being unpressurized and the nose pressurized

Normal maximum negative differential pressure is:

when atmospheric pressure exceeds cabin pressure by the amount permitted
by the system controls

where the cabin pressure falls below aircraft altitude pressure at which time
the inward relief valve opens

when the cabin pressure exceeds the atmospheric pressure by 0.5 psi

the pressure at which the duct relief valve is set to operate

When would the negative differential limit be reached/exceeded?

onpoo

Rapid descent when AC descends below cabin altitude
During ground pressure testing

Rapid ascent when aircraft climbs

When changing to manual operation

A/Cin level flight: if cabin altitude increases, pressure diff:

on oo

increases
decreases
remains the same
nil

In level pressurized flight what does the outflow valve do?

on oo

Close

Adjust to provide constant flow, and is normally partially open
Open to increase air conditioning

Adjust to provide maximum flow, and is normally almost closed

In a turbo-compressor or bootstrap system the cooling air is:

onpoo

ram air

engine by pass air
cabin air
compressor air

The rate of change of cabin pressure should be kept to the minimum. This is more
important:

onpoo

in descent

in climb

in periods when the dehumidifier is in use
in cruise

Questions !
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10.

1.

12.

13.

14.

15.

A cabin humidifier is used:

anoTo

on the ground in conditions of low relative humidity
at high altitude

at low altitude

on the ground in high ambient temperatures

Fatigue life of the fuselage is based on the:

anoTo

number of pressurization cycles

number of explosive decompressions
number of landings only

number of cycles at maximum differential

If the forward oil seal in an axial flow compressor fails, cabin air will be:

a.
b.
C.
d

contaminated

unaffected

‘b’ is only correct if synthetic oil is used

‘a’ will be correct only if the aircraft is inverted

Rate of change of cabin altitude is shown on a:

anoTo

special gauge

aircraft VSI

cabin pressure controller

gauge reading a percentage of Max Diff Pressure

Cabin discharge valve (pneumatic) is supplied with:

anoTo

air data computer output information

cabin and static pressure

cabin pressure, static and air speed information
cabin pressure only

What is the purpose of the duct relief valve?

anoTo

To protect the undercarriage bay

To ensure the compressor pressure is regulated

To prevent damage to the ducts

To relieve excess pressure to compressor return line

What system is installed to control the air conditioning?

anoTo

Emulsifier and water extractor

Impingement type dehydrator and humidifier
Dehydrator only

Humidifier only

How is the (charge) air cooled in a bootstrap (turbo-compressor) system?

anoTo

By expanding over turbine

By expanding over turbine driving compressor
Via an air cooled radiator

By passing it through the fuel heater
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16.

17.

18.

19.

20.

21.

22.

23.

At the max differential phase, the discharge phase is:

op oo

open

closed

under the control of the rate capsule
partly open

What is the purpose of inward relief valves?

a.
b.
c
d

To prevent negative differential

To back up the duct relief valve

To allow positive pressure to be bled off in an emergency
To back up the outflow valve

On a ground pressurization test, if the cabin suffers a rapid de-pressurization:

a.
b.
c
d

the temperature will rise suddenly
water precipitation will occur
damage to hull may occur

duct relief valve may jam open

A heat exchanger functions by:

op oo

combining ram and charge air

mixing the various vapours inside the heat exchanger
passing charge air through ducts and cool air around ducts
removing the static charge

Maximum differential pressure:

o

an o

is the maximum authorized pressure difference between the inside of the
fuselage and the atmospheric ambient pressure

is the absolute pressure provided by the vacuum pump

is the pressure loss over a given time limit

is the absolute pressure the cabin pressure ducting is designed to carry

A humidifier is fitted to:

op oo

extract the moisture content in the air

filter the air

increase the moisture content in the air when operating at high altitude
to ensure the cabin air is saturated at high altitude

If the discharge or outflow valve closes:

a.
b.
c
d

the duct relief valve will take control

the inward relief valve would assume control

the safety valve would limit the positive pressure difference

the safety relief valve would limit the negative pressure difference

Air for conditioning and pressurization is taken from:

op oo

the engine compressor or cabin compressor

the engine by pass duct or thrust reverse by pass duct
the engine compressor or ram turbine

the engine turbine or cabin compressor
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24.

25.

26.

27.

28.

29.

30.

Safety valves are biased:

anoTo

inwards

outwards

in the direction sensed by the SVC
neither a nor b

Cabin compressors:

oo

increase their flow in cruise conditions

decrease their flow in cruise conditions

increase their flow in proportion to increases of altitude differential pressure
and reduction in engine rpm in order to maintain the mass flow

deliver minimum air at sea level via the cold air unit

In a pressurization circuit the sequence of operation is for the:

anoTo

inward relief valve to open before the safety valve
outflow valve to operate before the safety valve

outflow valve to operate after the safety valve

outflow valve to operate the same time as the safety valve

In the cruise at 30000 ft the cabin altitude is adjusted from 4000 ft to 6000 ft:

anoTo

cabin differential will increase

cabin differential will not be affected
cabin differential will decrease

nil.

An aircraft climbs from sea level to 16 000 ft at 1000 ft per min, the cabin
pressurization is set to climb at 500 ft per min to a cabin altitude of 8000 ft. The
time taken for the cabin to reach 8000 ft is:

anoTo

the same time as it takes the aircraft to reach 16 000 ft
half the time it takes the aircraft to reach 16 000 ft

twice the time it takes the aircraft to reach 16 000 ft
three times the time it takes the aircraft to reach 16 000 ft

The aircraft inhibiting switch connected to the A/C landing gear:

a.
b.
C.
d.

allows the aircraft to be pressurized on the ground

stops pressurizing on the ground and ensures that there is no significant
pressure differential

ensures that the discharge valve is closed

cancels out the safety valve on the ground

Negative differential is limited by:

an oo

dump valve
inward relief valve
outflow valve
safety valve
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31.

32.

33.

34,

35.

36.

37.

38.

Questions 1 1

To maintain a steady and constant airflow regardless of altitude or cabin pressure:

op oo

a duct relief valve is fitted

a venturi device is fitted

a mass flow controller is fitted

a thermostatic relief valve is fitted

The term “pressurization cycle” means:

op oo

air introduced into a fuselage under pressure only

air introduced into a fuselage under pressure until the time the air is released
air discharged from the fuselage, above 15 psi

the frequency in Hz the pressure cycles from the rootes blowers enter the
fuselage

Inward Relief Valves operate:

opoo

Safety valves operate:

opoo

in conjunction with the cabin pressure controller when there is a negative diff
in conjunction with the cabin altitude selector when there is negative diff
when manually selected during the emergency descent procedure
automatically when there is a negative diff

Questions !

at higher than maximum differential
as soon as initiation takes place
at a lower diff than a discharge valve
at a set value, which is selected

Ditching Cocks are operated:

opoo

automatically when the soluble plugs dissolve
to shut all outflow valves

to direct pressure into flotation bags

for rapid depressurization

Duct Relief Valves operate when:

opoo

excessive pressure builds up in the air conditioning system supply ducts
to keep cabin pressure close to ambient pressure

to prevent the floor from collapsing should baggage door open

the cooling modulator shutters reach the optimized position

During a normal pressurized cruise, the discharge valve position is:

a.
b.
C.
d

at a position pre-set before take-off
partially open

open until selected altitude is reached
closed until selected altitude is reached

A dump valve:

opoo

automatically opens when fuel is dumped

is controlled manually

is opened automatically when the safety valve opens
is controlled by the safety valve integrating line
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39.

40.

41.

42,

43,

44,

45,

46.

When air is pressurized the % of oxygen:

a.
b.
c
d

increases
decreases
remains the same
nil

If pressure is manually controlled:

oan oo

an extra member is required to monitor system operation
the climb rate would be maintained automatically

climb rate could not be maintained

care should be taken to ensure climb/descent rates are safe

An aircraft is prevented from pressurizing on the ground by:

oan oo

the auto deflating valve on the main oleos
inhibiting microswitches on the landing gear
inhibiting microswitches on the throttles

the pressure control master switch

If the pressurization air is passed over the cold air unit compressor it:

oan oo

increases the charge air temperature
decreases the charge air temperature
decreases the charge air pressure

makes no change to the charge air condition

If the cabin pressure increases in level flight does the cabin VSI shows:

oan oo

rate of climb

no change unless the aircraft climbs
rate of descent

nil

The term pressure cabin is used to describe:

oan oo

pressurization of the flight deck only

the ability to pressurise the aircraft to a higher than ambient pressure
the passenger cabin on an airliner

the ability to maintain a constant pressure differential at all altitudes

A pressurization system works by:

oan oo

essentially constant input mass flow and variable output

essentially constant output mass flow and variable input

does not start until an altitude of 8000 ft has been reached

supplying hot gases from the engine exhaust unit to the mass flow control
system

When air is pressurized by an engine driven compressor, it is also:

oan oo

moisturized

heated

cooled

the temperature is not affected
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Answers
1 2 3 4 5 6 8 9 10 11 12
b a a b b a b a a b
13 14 15 16 17 18 19 20 21 22 23 24
C b b a a b C a d C a a
25 26 27 28 29 30 31 32 33 34 35 36
C b C a b b C b d a b a
37 38 39 40 41 42 43 44 45 46
b b C d b a C b a b
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Introduction and Theory

Without exception, the formation of ice or frost on the surfaces of an aircraft will cause a
detrimental effect on aerodynamic performance. The ice or frost formation on the aircraft
surfaces will alter the aerodynamic contours and affect the nature of the boundary layer. Of
course, the most important surface of the aircraft is the wing and the formation of ice or frost
can create significant changes in the aerodynamic characteristics.

Types of ice:

e Hoar Frost
¢ Rime Ice
¢ Clear or Glaze Ice

A large formation of ice on the leading edge of the wing can produce large changes in the
local contours and severe local pressure gradients. The extreme surface roughness common
to some forms of ice will cause high surface friction and a considerable reduction of boundary
layer energy. As a result of these effects, the ice formation can produce a considerable increase
in drag and a large reduction in maximum lift coefficient. Thus, the ice formation will cause an
increase in power required and stall speed. In addition, the added weight of the ice formation
on the aircraft will provide an undesirable effect. Because of the detrimental effects of ice
formation, recommended anti-icing procedures must be followed to preserve the aircraft
performance.

The effect of frost is perhaps more subtle than the effect of ice formation on the aerodynamic
characteristics of the wing. The accumulation of a hard coat of frost on the wing upper
surface will provide a surface texture of considerable roughness. While the basic shape and
aerodynamic contour is unchanged, the increase in surface roughness increases skin-friction
and reduces the kinetic energy of the boundary layer. As a result, there will be an increase in
drag but, of course, the magnitude of drag increase will not compare with the considerable
increase due to a severe ice formation.

The reduction of boundary layer kinetic energy will cause incipient stalling of the wing, i.e.
separation will occur at angles of attack and lift coefficients lower than for the clean, smooth
wing. While the reduction in C,  due to frost formation ordinarily is not as great as that due
to ice formation, it is usually unexpected because it may be thought that large changes in the
aerodynamic shape (such as due to ice) are necessary to reduce C,,, . However, the kinetic
energy of the boundary layer is an important factor influencing separation of the airflow and
this energy is reduced by an increase in surface roughness.

The effect of ice or frost on take-off and landing performance is of great importance. The
effects are so detrimental to the landing and take-off that no effort should be spared to keep
the aircraft as free as possible from any accumulation of ice or frost. If any ice remains on
the aircraft as the landing phase approaches it must be appreciated that the ice formation
will have reduced C,, . and incurred an increase in stall speed. Thus, the landing speed will
be greater. When this effect is coupled with the possibility of poor braking action during the
landing roll, a critical situation can exist. It is obvious that great effort must be made to prevent

the accumulation of ice during flight.
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In no circumstances should a formation of ice or frost be allowed to remain on the aircraft
wing surfaces prior to take-off. The undesirable effects of ice are obvious but, as previously
mentioned, the effects of frost are more subtle. If a heavy coat of hard frost exists on the wing
upper surface, a typical reductionin C __would cause a 5 to 10 percent increase in the aircraft
stall speed.

LMAX

Because of this magnitude of effect, the effect of frost on take-off performance may not be
realized until too late. The take-off speed of an aircraft is generally some 5 to 25 percent greater
than the stall speed, hence the take-off lift coefficient will be a value from 90 to 65 percent of
Cluax Thus, it is possible that the aircraft with frost cannot become airborne at the specified
take-off speed because of premature stalling. Even if the aircraft with frost were to become
airborne at the specified take-off speed, it could have insufficient margin of airspeed above
the stall. Turbulence, gusts and/or turning flight could produce incipient or complete stalling
of the aircraft.

Pitot Static Windscreens
Systems

Propellers

Vibration
- blades unequal
weights

Leading Q
Edges

Structural Damage
- ice shedding

Courtesy of Airbus Industrie

Figure 12.1 Areas most susceptible to ice formation

The increase in drag during take-off roll due to frost or ice is not considerable and there will
not be any significant effect on the initial acceleration during take-off. Thus, the effect of frost
or ice will be most apparent during the later portions of take-off if the aircraft is unable to
become airborne or if insufficient margin above the stall speed prevents successful initial climb.
In no circumstances should a formation of ice or frost be allowed to remain on the aircraft wing
surfaces prior to take-off.
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Icing on aircraft in flight is caused primarily by the presence of super-cooled water droplets
in the atmosphere. If the droplets impinge on the forward facing surfaces of an aircraft, they
freeze and cause a build up of ice which may seriously alter the aerodynamic qualities. This
applies particularly to small objects, which have a higher catch rate efficiency than large ones,
as small amounts of ice will produce relatively bigger changes in shape. The actual amount
and shape of the ice build-up depends on the surface temperature. This results from an energy
change caused by heat variations to the skin of the aircraft, e.g.:

¢ kinetic air heating (Plus).
* kinetic heating by water droplets (Plus).

e latent heat of fusion, (caused by the water droplets changing from liquid to solid upon
impact) (Plus).

e evaporation (Minus).

e convection (Minus).

over 40000 ft water
droplets are

ice crystals & will
not adhere to the
aircraft surface

moderate icing

Cirrus
Cirrostratus
Cirrocumulus

40000 ft - 40°C

Altostratus
Altocumulus

23000 ft -15°C

Cumulus
 Cumulonimbus

6500 ft - Nimbostratus

Figure 12.2 Where airframe icing occurs

Three different situations arise, depending on whether the surface temperature is less than,
equal to or greater than 0°C. When the temperature is less than 0°C, all the impinging water
droplets are frozen, and when it is above 0°C none are frozen.

239

Ice and Rain Protection !



uol}d930.d uiey pue 3d| E

12 Ice and Rain Protection

However, for a particular set of atmospheric conditions and altitudes it is found that there is
quite a wide aircraft speed range over which the energy balance gives a skin temperature of
0°C. This energy balance occurs at one end of the speed range by all the droplets freezing and
at the other by none freezing. The potential “catch rate” or “impingement rate” and the actual
icing rate are thus not simply related in this region. The “no icing hazard” speed depends,
therefore, upon the free water content of the atmosphere as well as the temperature and
altitude.

For severe conditions it is about the maximum speed of subsonic aircraft. The final influencing
factor of note is that icing does not occur above about 12000 m (40000 ft) since the droplets
are all frozen and in the form of ice crystals and will not adhere to the aircraft’s surface.

Requirements and Standards of Protection

The aircraft must be cleared of ice, frost and snow prior to dispatch, and CS-OPS requires that
public transport aircraft shall be provided with certain protective equipment for flights in which
the weather reports available at the time of departure indicate the probability that conditions
predisposing to ice formation will be encountered.

Certain basic standards have to be met by all aircraft whether or not they are required to be
protected by the requirements of CS-OPS, and these are intended to provide a reasonable
protection if the aircraft is flown unintentionally for short periods in icing conditions. The
requirements specified in CS-OPS cover such considerations as the stability and control balance
characteristics, jamming of controls and the ability of the engine to continue to function in
icing conditions.

Two different approaches are generally used:

* 'De-icing’ where ice is allowed to accumulate prior to being removed.
e 'Anti-icing’ where the object is to prevent any ice accumulation.

There are a number of avenues which need exploring and these include detection and warning
systems and the methods used to protect the aircraft, which can be any or all of the following:

* Pneumatic Expanding rubber boots - mechanical.
* Thermal Electrically heated.
Oil heated.
Air heated.
* Liquid Freezing point depressant fluids. (FPD)
* lce detection Is provided automatically by the provision of ice detectors which relay a

warning to the flight crew.
* Anti-icing Is the application of continuous heat or fluid.
* De-icing Is the intermittent application of fluid, heat or mechanical effort.

These aspects will all be dealt with in detail later.
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Detection Devices and Warnings

There are three main types of ice detector in current use:

e the ice detector head. (Accretion principle)

e the mechanical ice detector. (Accretion principle )
e the element ice sensing unit. (Inferential principle)

Ice Detector Heads

Teddington Ice Detector. This detector
consists of an aerofoil shaped mast protruding
into the airflow and visible from the cockpit.

The mast incorporates a heater element and
a light to illuminate the mast at night (Figure
12.3). When icing conditions are encountered
in flight, with the heater power supply
switched off, ice accumulates on the mast and
gives a direct visual indication of ice accretion.
The heater may be switched on to dissipate
accumulated ice.

Smiths Ice Detector. The Smiths ice detector
consists of a hollow tube, attached to the
aircraft by one end and has holes drilled in the
leading and trailing faces; there are four holes
in the leading edge and two in the trailing
edge (Figure 12.4).

In flight under normal conditions, there is
a pressure build up in the probe which is
sensed by a relay unit at the open base of the
tube. In icing conditions, the leading edge
holes become blocked by ice and a negative
pressure is created in the hollow tube, causing
the relay unit to give a warning. A heater
element is fitted around the tube to dissipate
accumulated ice.

Figure 12.3 Teddington ice detector

4 holes in
leading edge

heating
element

|

2 holes in
trailing edge

relay
connected
to cockpit

Figure 12.4 Smiths ice detector
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Mechanical Ice Detectors

Rotary (Napier) Ice Detector. In the Napier ice
detector a serrated rotor shaft is continuously
driven by an electric motor. The shaft rotates
adjacent to a fixed knife-edge cutter (see
Figure 12.5), with a clearance between them
of less than 0.002 inches. The unit is mounted
on the aircraft fuselage with the rotor axis at
right angles to the airflow and with the cutter
inthelee of the shaft. Under normal conditions,
little torque is required to drive the rotor. In
icing conditions, ice builds up on the rotor and
is shaved off by the cutter. This requires greater
rotational torque and causes the motor to
rotate slightly in its flexible mountings. This
movement operates a microswitch which gives
an ice warning, or automatically initiates the
anti-icing sequence. The warning remains as
long as ice continues to foul the cutter blade.

Rosemount (Vibrating Rod) Ice Detector.
This detector consists of a short cylindrical
probe mounted on a vibrator housing which
vibrates the probe axially at about 35 kHz (see
Figure 12.6). If ice builds up on the probe, the
added mass reduces the resonant frequencies.
When the frequency falls to a predetermined
level, an ice warning is given. The warning
signal also operates a built in heater element
in the probe to shed accumulated ice. After six
seconds, the heater switches off and the icing
cycle recommences. The frequency of the cycle
may be measured to give an indication of the
ice accretion rate.

Rotating
Splined Shaft

Microswitch sets
off cockpit warning

Figure 12.5 Rotary (Napier) ice detector

Vibrating Rod
=35kHz

Frequency

Sensitive Circuit

Figure 12.6 Rosemount ice detector
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Element Ice Sensing Unit

Sangamo Weston Ice Detector. Ice can only be formed when there is a combination of
moisture and freezing temperatures. In the Sangamo Weston ice detector, these two conditions
are detected separately and, therefore, icing conditions are detected rather than actual ice
formation. The system comprises three main components (see Figure 12.7).

* Moisture Detector Controller. The Sangamo Weston Ice Detector is an example of an
Inferential method of ice detection. All other ice detectors use the principle of Ice Accretion.
This controller is situated in the base of the unit and senses the temperature difference
between the “wet” and “dry” sensing bulbs. When the temperature difference reaches a
predetermined value, and provided that the thermal switch is made, relays operate an ice
warning or initiate the anti-icing or de-icing cycles.

Figure 12.7 Sangamo Weston ice detector

e Moisture Sensing Head. This consists of two heated metal resistance bulbs situated in the
airflow and arranged so that the leading bulb screens the rear one so that no moisture
impinges upon it. When the detector encounters free water in the airflow, the shielded rear
bulb remains dry and cools at a slower rate than the wet leading bulb.

e Thermal Switch. This is a contact operating thermometer which is housed in a bulb and is
exposed to ambient temperature. When the temperature is above freezing, the thermal
switch prevents the moisture detector from sending an ice warning signal, even though
the latter unit is sensing the presence of water in the airflow. With a temperature below
freezing, the thermal switch allows the warning signal to be sent.
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Beta Particle Ice Detection Probe

Two probes, mounted perpendicularly from the forward fuselage, plus a relay and the flight
deck warning constitute the basic system.

Under nil ice conditions the forward probe, an emitter, will emit Beta particles which are
detected by the rear probe, a detector. Beta particles are absorbed by ice so that, in icing
conditions, less particles are sensed by the detector.

~

EMITTER

DETECTOR

Figure 12.8 Beta particle ice detection probe

At a certain Beta particle count rate, corresponding to 0.4 mm of ice, a relay in the detector
probe will operate causing a warning on the flight deck. This may take the form of an ECAM
system display and a single chime. A system test gives the same indications as above.

Ice Formation Spot Light. Many aircraft have two ice formation spot lights mounted one each
side of the fuselage, in such a position as to light up the leading edges of the mainplanes, when
required, to allow visual examination for ice formation.

Note: In some aircraft, this may be the only aid to ice detection at night.

An awareness of the in-flight conditions with regard to temperature and moisture is essential
for all aircrew, and a general rule for engine protection is to apply it when the IOAT is +10°C
or below, and the air contains visible moisture. Airframe protection is generally applied at
the onset of indicated icing. This may be from visual indications of leading edges, aerials,
windscreen wipers etc. or from the ice detector systems. Ice warnings usually take the form of
an amber caution light and can in some systems initiate the de-icing or anti-icing systems if they
have been preselected to ‘auto’. However mechanical de-icing by the ‘Boots’ method must not
be initiated until a specific depth of ice has built up.
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The following list is not exhaustive, but should give an indication of the variety of systems and
components which are protected against the effects of ice and rain.

* Engine - Intakes - IGVs - Struts or Webs
* Qil cooler intakes, fuel system filters.

* Ram air intakes for generator cooling or Engine bay ventilation. Aerofoils - Wing and tail
leading edges. Slats - Propellers.

e Airframe - Aerials - Waste water outlet horns, Large fences and bullets. Instrument Systems
- Pitot heads and probes.

e Cockpit windows.

Mechanical ‘De-icing’

Pneumatic de-icing systems are employed in certain types of piston engined aircraft and
twin turbo-propeller aircraft. The number of components comprising a system vary, together
with the method of applying the operating principle. The arrangement of a typical system is
illustrated schematically in Figure 12.9.

Figure 12.9 De-icer boots

De-icer Boots. The de-icer boots, or overshoes, consist of layers of natural rubber and rubberized
fabric between which are disposed flat inflatable tubes closed at the ends. The tubes are made
of rubberized fabric and are vulcanized inside the rubber layers. In some boots the tubes are so
arranged that when the boots are in position on a wing or tailplane leading edge the tubes run
parallel to the span; in others they run parallel to the chord. The tubes are connected to the air
supply pipelines from the distribution valves system by short lengths of flexible hose secured to
connectors on the boots and to the pipelines by hose clips. The external surfaces of the boots
are coated with a film of conductive material to bleed off accumulations of static electricity.
Depending on the type specified, a boot may be attached to a leading edge either by screw
fasteners (rivnuts) or by cementing them directly to the leading edge.
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Air Supplies and Distribution. The tubes in the boot sections are inflated by air from the
pressure side of an engine-driven vacuum pump, from a high-pressure reservoir or in the case
of some types of turbo-propeller aircraft, from a tapping at an engine compressor stage.

At the end of aninflation stage of the operating sequence, and whenever the system is switched
off, the boots are deflated by vacuum derived from the vacuum pump or, in systems utilizing
an engine compressor tapping, from the Venturi section of an ejector nozzle.

The method of distributing air supplies to the boots depends on the de-icing systems required
for a particular type of aircraft but, in general, three methods are in use. One method employs
shuttle valves which are controlled by a separate solenoid valve; in the second method air
is distributed to each boot by individual solenoid-controlled valves; in the third method
distribution is effected by a motor-driven valve.

lectronic Cyclic Timer

Dual Vacuum
Pressure gauge

.. Group 2
W Group 1

] Solenoid
Distributor Valve the delay period between
cycles is altered by timer to suit

conditions

4

~ Electrical
Control Circuit

. » long delay for light icing

~ Pressure Line

— Vacuum Line » short delay for heavy icing

~ Inactive Vacuum
Pressure Line iikg

Figure 12.10 Schematic diagram of a pneumatic de-icing system

Controls and Indicators. The controls and indicators required for the operation of a de-icing
system depend on the type of aircraft and on the particular arrangement of its de-icing system.
In the basic arrangement, a main on-off switch, pressure and vacuum gauges or indicating
lights form part of the controlling section. Pressure and vacuum is applied to the boots in
an alternating timed sequence and the methods adopted usually vary with the methods of
air distribution referred to above. In most installations, however, timing control is effected
by means of an electronic device. Reference should always be made to the relevant aircraft
Maintenance Manual for details of the appropriate controlling system and time cycles.
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Operation. When the system is switched on, pressure is admitted to the boot sections to inflate
the tubes. The inflation weakens the bond between ice and the boot surfaces, causing the ice
to break away. At the end of the inflation stage of the operating sequence, the air in the tubes
is dumped to atmosphere through automatic opening valves and the tubes are fully deflated
by the vacuum supply. This inflation and deflation cycle is repeated during the period the
system is in operation. When the system is switched off vacuum is supplied continually to all
tubes of the boot sections to hold the sections flat against the wing and tail leading edges
thus minimizing aerodynamic drag.

The de-icer boots are pulsated in a set cycle, the frequency of which can be varied by the
frequency selector to cater for light or heavy icing conditions. For cycling purposes, the boots
are usually divided into three groups as follows:

Group 1 - Port and Starboard mainplane outboard boots.
Group 2 - Port and Starboard mainplane inboard boots.
Group 3 - Fin and tailplane boots.

The cycle takes 34 seconds, irrespective of the selection made on the cyclic frequency selector.
The selector merely alters the delay period between cycles, e.g. 206 seconds for light icing and
26 seconds for heavy icing.

Thermal ‘Anti-icing’ and ‘De-icing’

Hot air systems on modern aircraft are generally engine bleed air and are said to be ‘anti-icing’.
Other methods of obtaining the hot air will be described, and depending on the duration of
application and the temperature applied, they may be either de-icing or anti-icing systems.

Note: Some large jet transport aircraft are not equipped with tailplane ice protection. These
aircraft have been certified assuming that they have ice on the tail.

In systems of this type, the leading edge sections of wings including leading edge slats but not
leading edge flaps, and tail units are usually provided with a second, inner skin positioned to
form a small gap between it and the inside of the leading edge section. Heated air is ducted
to the wings and tail units and passes into the gap, providing sufficient heat in the outer skin
of the leading edge to melt ice already formed and prevent further ice formation. The air
is exhausted to atmosphere through outlets in the skin surfaces and also, in some cases, in
the tips of wings and tail units. The temperature of the air within the ducting and leading
edge sections is controlled by a shutter or butterfly type valve system, the operation of which
depends on the type of heating system employed.

A gas turbine engine presents a critical icing problem, and therefore requires protection
against ice formation particularly at the air intake, nose bullet or fairing and inlet guide vanes.
Icing of these regions can considerably restrict the airflow causing a loss in performance and,
furthermore, cause damage to the compressor as a result of ice breaking away and being
ingested by the compressor.

There are two thermal systems in use for air intake de/anti-icing; a hot air bleed system and
an electrical resistance heating system, and although the latter is usually chosen for turbo-
propeller engines to provide protection for the propeller, there are some examples where both
systems are used in combination.
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Air Supplies. There are several methods by which the heated air can be supplied and these
include bleeding of air from a turbine engine compressor, heating of ram air by passing it
through a heat exchanger located in an engine exhaust gas system, and combustion heating
of ram air.

In a compressor bleed system the hot air is tapped directly from a compressor stage, and after
mixing with a supply of cool air in a mixing chamber it passes into the main ducting. In some
systems, equipment, e.g. safety shut-off valves, is provided to ensure that an air mass flow
sufficient for all de-icing requirements is supplied within pressure limits acceptable to duct and
structural limitations.

thermostatically
controlled flap
or valve

G | [ 1\

Exhaust gas )

Exhaust gas supply
controlled by thermostatic st ol
device fitted in between Outsid
exhaust unit & heat
exchanger

Figure 12.11 A heat exchange system

The heat exchanger method of supplying warm air is employed in some types of aircraft
powered by turbo-propeller engines. The heat exchanger unit is positioned so that exhaust
gases can be diverted to pass between tubes through which outside air enters the main supply
ducts. The supply of exhaust gases is usually regulated by a device such as a thermostatically
controlled flap fitted in the ducting between the exhaust unit and the heat exchanger.

In a combustion heating system ram air is passed through a cylindrical jacket enclosing a sealed
chamber in which a fuel/air mixture is burned, and is heated by contact with the chamber
walls. Air for combustion is derived from a separate air intake and is supplied to the chamber
by means of a blower.

Temperature Control. The control of the air temperature within ducting and leading edge
sections is an important aspect of thermal de-icing system operation and the methods adopted
depend on the type of system.
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In a typical compressor bleed system, control is effected by temperature sensing units which
are located at various points in the leading edge ducting and by valves in the main air supply
ducting. The sensing units and valves are electrically interconnected so that the valves are
automatically positioned to regulate the flow of heated air to the system, thus maintaining
the temperature within a predetermined range. Indications of air temperature conditions
are provided by resistance type temperature sensing elements and indicators, temperature
sensitive switches and overheat warning lights. On some aircraft the electrical supplies to the
valves are interrupted by landing gear controlled relays when the aircraft is on the ground.
Under these conditions, valve operation is accomplished by holding the system control switch
to a ‘'TEST' position.

AEROFOIL LEADING
EDGES:

- WINGS

- SLATS

-FIN

- TAILPLANE

WING FENCE AREAS
ENGINE INTAKES

Figure 12.12 Areas heated by ‘anti-icing” air

When heat exchangers are employed, temperature control is usually obtained by the use of
adjustable flaps and valves to decrease or increase the supply of heating and cooling air passed
across the exchangers.

The method of controlling the flaps and valves varies with different aircraft, but a typical
system incorporates an electric actuator, which is operated automatically by an inching device
controlled by a temperature sensing element fitted in the duct on the warm air outlet side of
the heat exchanger. In some systems, actuators are directly controlled by thermal switches, so
that the flaps or valves are automatically closed when a predetermined temperature is reached.
Indications of air temperature conditions are provided by resistance type temperature sensing
elements and indicators, temperature sensitive switches and overheat warning lights.

In systems incorporating combustion heaters, the temperature is usually controlled by thermal
cyclic switches located in the heater outlet ducts, so that when the temperature reaches a
predetermined maximum the fuel supply to the heaters is automatically switched off.

249

Ice and Rain Protection !



uol}d930.d uiey pue 3d| E

12 Ice and Rain Protection

In an engine hot air system the air is bled from the compressor and is fed via ducting into the
air intake nose cowl, through the inlet guide vanes of the engine and also, in some engines,
through the nose bullet. After circulating the intake cowl and guide vanes, the air is exhausted
either to atmosphere or into the engine air intake. The flow of hot air is regulated by electrically
operated control valves which are actuated by control switches on a cockpit panel. An air
temperature control system is not usually provided in a hot air system.

Electrical Heating System. In an electrical heating system, heating elements either of resistance
wire or sprayed metal, are bonded to the air intake structure. The power supply required for
heating is normally three-phase alternating current. The arrangement adopted in a widely used
turbo-propeller engine is illustrated in Figure 12.13 as an example. The elements are of the
resistance wire type and are formed into an overshoe which is bonded around the leading
edge of the air intake cowl and also around the oil cooler air intake.

Both anti-icing and de-icing techniques are employed by using continuously heated and
intermittently heated elements respectively. The elements are sandwiched between layers of
glass cloth impregnated with resin. In some systems the elements may be sandwiched between
layers of rubber. The outer surfaces are, in all cases, suitably protected against erosion by rain,
and the effect of oils, greases, etc. The power supply is fed directly to the continuously heated
elements, and via a cyclic time switch unit to the intermittently heated elements and to the
propeller blade elements. The cyclic time switch units control the application of current in
selected time sequences compatible with prevailing outside air temperature conditions and
severity of icing. The time sequences which may be selected vary between systems.

Heater Mats

Glass Cloth Layers

Electrical Elements

- Intermittently Heated Elements

I:I Continuously Heated Elements

Figure 12.13 Heater Mats

For the system shown in Figure 12.13 the sequences are ‘Fast’, giving one complete cycle (heat
on/heat off) of 2 minutes at outside air temperatures between -6°C and +10°C, and ‘Slow’,
giving one complete cycle of 6 minutes at outside air temperatures below -6°C. An indicator
light and, in some cases, an ammeter, is provided on the appropriate cockpit control panel to
indicate correct functioning of the time switch circuit.
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Fluid Systems

This system prevents the adhesion of ice on surfaces by pumping freezing point depressant
fluid (FPD) to panels in the leading edge of the aerofoil, and allowing the fluid to be carried
over the surface by air movement.

The fluid is supplied from the storage tank to the pump through an integral filter. The pump
has a single inlet and a number of delivery outlets to feed the distributors on the aerofoil
leading edges. A diagrammatic layout is shown in Figure 12.14. The pump consists of a main
casting which incorporates a pump body, a filter chamber, and a gear casing. When the pump
is incorporated in a system, the pump body and the filter chamber are flooded with de-icing
fluid which acts as a lubricant.

To protect the pump and the system from damage due to pipe blockage etc. the pump
incorporates a safety device which relieves abnormal pressure by reducing the flow. There are
two types of distributor for use with the system, i.e. strip and panel.

The panel distributors cover a large area of the aerofoil leading edge, and are more economical
and efficient than strip distributors. They have the disadvantage of not being suitable for
surfaces with double curvature, e.g. fins where the strip distributor has to be used. The panel
distributor is fitted over, or let into the leading edges of the mainplanes and tailplane. It
consists of a porous outer panel, a microporous sheet, and a back plate. The porous panel
extends beyond the edges of the porous sheet, and screws passing through the panel secure
the distributor to the aerofoil surface. An entry connector, which accommodates a metering
tube, passes through the backplate to which it is bolted. A sectional view of a panel distributor
is shown inset in Figure 12.14.

wing distribution |
panels

microporous
panel plate

Figure 12.14 Fluid systems
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The fluid enters the connector from the main supply pipe, passes through the metering tube,
and enters the cavity between the backplate and the porous sheet. The fluid then seeps
through the porous sheet of the distributor, and is distributed over the aerofoil surfaces by
the air stream. The strip distributors are inserted in the leading edge of the aerofoil, and are
connected, in series to the main supply pipe.

The fluid fills the primary feed channel and passes through the flow control tubes into the
secondary feed channel. The fluid in the secondary feed channel filters through the porous
metal side and onto the leading edge of the aerofoil.

Windscreen Protection

Windscreen protection is provided by fluid sprays, electrical heating, and cabin air may be
provided for demisting. Electrical heating may be within the main windscreen, or added as
an optional extra by means of a small heated glass panel fitted in front of the windscreen.
Wipers are also provided on some aircraft and these may be assisted by the use of rain repellent
systems.

Windshield or Windscreen Wipers. Independent two speed wipers are usually provided for
both pilots. They may be electrically or hydraulically powered, with two operating speeds and
some systems have a parking facility. They should not be operated on a dry windscreen.

Windscreen Washers. This system sprays washer fluid into the windscreen panels, and is used
in conjunction with the wipers to clean the windscreens; a typical control panel is shown in
Figure 12.15, where a single washer control button controls the fluid for both screens. Typically
the reservoir would contain about one gallon, located in one of the underfloor bays and have a
sight gauge visible for replenishment. Fluid being routed from the pump to four spray nozzles,
with manually operated flow distribution and control valves located on the flight deck to
provide selective flow to the windshields.

Windscreen Rain Repellent System. The rain repellent system consists of four valve/timer
nozzles, two for each screen and a manifold which stores and distributes the fluid to the nozzles.
It is charged with repellent fluid from an aerosol type disposable container which screws into
the manifold. A sight gauge displays a refill float when the fluid is low, and a pressure gauge
has green and red areas to indicate a go/no go condition. If the float is visible or the pressure
gauge indication is in the red area, the container fluid is depleted.

=

WIPER OFF Y won
Captain’s é

REPELLENT

OFF Low HIGH
é WIPER
1st

Officer’s REPELLENT

WASHER

©

®

Typical system

» Independent electrically or hydraulically
powered wipers for each pilot

> Panels control wipers & rain repellent

Figure 12.15 Typical Washer, Wiper and Repellent Controls
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The rain repellent system is used with the wipers to improve visibility during heavy rain. Rain
repellent fluid is sprayed onto the respective windshield by momentarily pressing the rain
repellent button switch on the captain’s or first officer’s wiper control panel. Each actuation
of the switch opens the container valve for approximately one third of a second regardless
of how long the switch is held in. Depending on airspeed and rain intensity, each actuation
should be adequate for 2 to 5 minutes. A fully charged container holds about 75 applications,
and repellent applied to a dry windscreen will reduce visibility. The use of both systems
simultaneously should be avoided. See Figure 12.15.

Fluid De-icing System. The method employed in this system is to spray the windscreen panel
with a methyl-alcohol based fluid. The principal components of the system are a fluid storage
tank, a pump which may be a hand-operated or electrically operated type, supply pipe lines
and spray tube unit. Figure 12.16 illustrates the interconnection of components based on a
typical aircraft system in which fluid is supplied to the spray tubes by two electrically operated
pumps. The system may be operated using either of the pumps or both, according to the
severity of icing.

R FLUID TANK

FILTER|

PUMP

SPRAY TUBES, spray
methyl-based fluid on
windscreen

CHECK
‘ VALVE

| TWIN NON-RETURN VALVE

PUMP

Figure 12.16 Typical windscreen fluid de-icing system

Electrical Anti-icing System. This system employs a windscreen of special laminated construction
heated electrically to prevent, not only the formation of ice and mist, but also to improve the
impact resistance of the windscreen at low temperatures.

The film-type resistance element is heated by alternating current supplied from the aircraft’s
electrical system. The power required for heating varies according to the size of the panel and
the heat required to suit the operating conditions. The circuit embodies a controlling device,
the function of which is to maintain a constant temperature at the windscreen and also to
prevent overheating of the vinyl interlayer which would cause such permanent damage as vinyl
'bubbling” and discolouration.

In a typical anti-icing system, shown schematically in Figure 12.17, overleaf, the controlling
device is connected to two temperature sensing elements laminated into the windscreen. The
elements are usually in the form of a fine wire grid, the electrical resistance of which varies
directly with the windscreen temperature. One sensing element is used for controlling the
temperature at a normal setting and the other is used for overheat protection.

A system of warning lights and, in some cases, magnetic indicators, also forms part of the
control circuit and provides visual indications of circuit operating conditions, e.g. ‘normal’, ‘off’
or ‘overheat’.
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When the power is applied via the system control switch and power relay, the resistance
element heats the glass. When it attains a temperature pre-determined for normal operation
the change in resistance of the control element causes the control device or circuit to isolate, or
in some cases, to reduce the power supply to the heater element. When the glass has cooled
through a certain range of temperature, power is again applied and the cycle is repeated. In
the event of a failure of the controller, the glass temperature will rise until the setting of the
overheat sensing element is attained.

AC
Bus.bar

Control
Switch
O

DC
Busbar

Transformer.

Figure 12.17

At this setting an overheat control circuit cuts off the heating power supply and illuminates
a warning light. The power is restored and the warning light extinguished when the glass
has cooled through a specific temperature range. In some systems a lock-out circuit may be
incorporated, in which case the warning light will remain illuminated and power will only be
re-applied by cycling the system control switch to ‘OFF’ and back to ‘ON’.

* In addition to the normal temperature control circuit it is usual to incorporate a circuit which
supplies more heating power under severe icing conditions when heat losses are high. When
the high power setting is selected, the supply is switched to higher voltage output tappings
of an auto transformer which also forms part of an anti-icing system circuit thus maintaining
the normal operating temperature. The temperature is controlled in a manner similar to
that of the normal control temperature circuit.

* For ground testing purposes, the heating power supply circuit may also be controlled
by landing gear shock-strut microswitches in such a way that the voltage applied to the
resistance elements is lower than that normally available in flight.
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Propeller Protection Systems

Ice formation on a propeller blade produces distortion to the aerofoil section, causing a loss in
efficiency, possible unbalance and destructive vibration. The build up of ice must be prevented
and there are two systems in use.

Protection is provided either by an anti-icing fluid system, or by an electrically powered thermal
de-icing system.

Inner third
always de-iced

Effects of ice

» distorts aerofoil

» causes inbalance
» vibration

» loss of efficiency

Protection by
» anti-icing fluid system

» electrical thermal
de- icing system

Middle third occassionaly de-iced
dependent on prop characteristics

Figure 12.18 Propeller de-icing system

The fluid system provides a film of freezing point depressant fluid to the propeller blade
surfaces during flight which mixes with the water or ice and reduces the freezing point of
the mixture. Fluid is distributed to each propeller blade from a slinger ring which is mounted
on the back of the propeller hub. The fluid is pumped into this ring through a delivery pipe
from a supply tank. Some propellers have rubber overshoes fitted to the blades to assist the
distribution of the fluid.

On this type of installation fluid is fed from the slinger ring to a small trough, which is part
of the overshoe, and is then forced by centrifugal action along longitudinal grooves in the
overshoes. On propellers which are not fitted with overshoes, fluid is fed from the slinger ring
through a pipe to the root of the blade and is then distributed by centrifugal action. The fluid
may be pumped to the slinger ring from the supply tank by an independent electrically driven
pump but air pressure is sometimes used. The electric pump may be controlled by a switch
and, in some installations, the pump speed may be varied by means of a rheostat. Check valves
are sometimes provided to prevent loss of fluid when the pump is not operating, the supply
pressure is typically 10 psi. Where air pressure is used to supply fluid, a relief valve is usually
fitted to the air supply line and a control valve provided to regulate the fluid flow.
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» Fluid pumped to
slinger ring from
supply tank

» Slinger tubes
distribute fluid to
blades by centrifugal
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» Thin film of fluid on
blades sometimes
aided in distribution
by rubber overshoes

Figure 12.19

In electrical systems, the basis for effective de-icing is formed by resistance wire heating
elements bonded to the leading edges of the propeller blades; in the case of turbine engine
propellers, wire woven or sprayed elements are also bonded to the front shell of the spinner.
Depending on the type of aircraft, the power for heating the elements is either direct current
or alternating current and is applied in a controlled sequence by a cyclic timer unit. In turbo-
propeller engine installations, the propeller heating circuit forms part of a power unit de-icing
and anti-icing system, and the cyclic control is integrated with the engine air intake heating
circuit.

Construction. The construction of the elements, or overshoes as they are sometimes called,
varies between propeller types. In one commonly used propeller, the heating element wires
are interwoven with glass threads which form a glass cloth base, this in turn, being cemented
between sheets of rubber. A protective guard of wire gauze is cemented beneath the outer
rubber covering. The overshoe is shaped to fit around the blade leading edge and is cemented
to it. In some cases, the overshoe is cemented in a rebate machined in the leading edge, so that
it lies flush with the blade surfaces.

Power Supplies. The power required for heating is conveyed to the elements via cables, slip
rings and by brushes contained within a brush block housing. The slip rings are normally
mounted at the rear of the propeller hub or on a starter ring gear, and the brush housing on
the engine front casing, but in some systems the method of mounting may be the reverse way
round. The cables are of sufficient length and are positioned so as to allow for movement of
the blades throughout their designed pitch range.
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Heating Control. Efficient operation of these systems necessitates a relatively high
consumption of electrical power. This is, however, controlled by employing a cyclic de-icing
technique whereby a short unheated period allows a thin film of ice to build up on the leading
edges of the propeller blades. Before this film builds up sufficiently to interfere appreciably
with the aerodynamic characteristics of the blades, the cyclic control applies heating power.
The ice already deposited then acts as thermal insulation, and as the ice in contact with the
blade surfaces melts, the main ice catch is carried away under the action of centrifugal and
aerodynamic forces.

Internal or external
heating elements

> power in a controlled
sequence by cyclic timer unit

> conveyed to elements via
cables, slip rings & brush block

» cyclic de-icing: thin films of ice
are melted by heated elements
before they can interfer with
aerodynamics of blades

Figure 12.20 Propeller schematic circuit

Miscellaneous Items

In addition to the major items already covered there is the possibility that heating may be
required on any or all of the following items:

* Pitot Heads or Probes.

e Alpha Probes.

* Q Feel Probes.

¢ P1 Probes.

¢ Waste Water Drain Horn.

e Total Air Temp Heads.

e Aerials.

e Water Pipes for “In Line"” Heaters.
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Introduction

In order for the body to function satisfactorily it requires oxygen which it extracts from
oxygenated blood provided by the lungs.

Insufficient oxygen is known as Hypoxia. The importance of aircrew being able to recognize
hypoxia cannot be overstated.

Knowledge of the signs and symptoms and early identification of the problem will allow the
correct drills to be carried out before anyone is placed in jeopardy but it is important that these
drills are well learnt and easily accomplished.

The drills to overcome this can be summarized as:

¢ Provide Oxygen.

¢ Descend to a level where atmospheric oxygen is present in sufficient quantities to meet the
body’s needs.

Aircrew must familiarize themselves with the appropriate oxygen drills for the aircraft they are
flying before venturing above an altitude at which hypoxia can occur i.e. above 10000 ft.

The symptoms of hypoxia can be summarized as follows:

* Apparent Personality Change
* Impaired Judgement

* Muscular Impairment

* Memory Impairment

* Sensory Loss

Impairment of Consciousness i.e. confusion, semi-consciousness, unconsciousness and finally
DEATH.

Time of Useful Consciousness

This is the time available for a pilot/flight engineer to recognize the development of hypoxia
and do something about it. It is not the time to unconsciousness but the shorter time from a
reduction in adequate oxygen until a specific degree of impairment, generally taken to be the
point when the individual can no longer take steps to help him/herself.

Time of Useful Consciousness
Altitude Person seated or at rest Moderate Activity
20000 ft 30 minutes 5 minutes
30000 ft 1 to 2 minutes
35000 ft 30 to 90 seconds
40000 ft 15 to 20 seconds

A more detailed study of hypoxia can be found in Book 8 - Human Performance and Limitations.
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Pressurized aircraft are therefore fitted with oxygen systems to provide the crew with oxygen:

 if the cabin pressure altitude exceeds 13000 ft, or more than 30 minutes at cabin pressure
altitudes of between 10000 ft and 13000 ft

* if hazardous fumes enter the flight deck, and

* if the cabin pressure altitude exceeds 15000 ft, to provide all the passengers with oxygen,
above 14000 ft 30% of passengers and above 10000 ft 10% of passengers. See JAR-OPS 1
subpart K appendix 1 to JAR-OPS 1.770 and appendix 1 to JAR-OPS 1.775.

Available Systems

(JAR - OPS 1SubpartK)
Portable oxygen sets are provided in addition for therapeutic use by passengers and for use by
cabin staff during emergencies. Special smoke sets may also be provided for crew use.

In unpressurized aircraft, oxygen equipment will be installed for the use of passengers and
crew if the aircraft is to fly above 10000 ft with portable oxygen sets being provided if no fixed
installation exists.

Crew oxygen is stored in High Pressure gaseous form whilst passenger supplies may be of HP
gas or be chemically generated. Gaseous oxygen systems are generally of the diluter demand
type for crew use and the continuous flow type for passenger use, although some smaller
aircraft may have the continuous flow type for crew use as well. In both systems the gas is
stored in cylinders at 1800 psi, the pressure being reduced to a suitable level for use.

Quantity (pressure) indication is provided by a gauge on the flight compartment. In the
event of an overpressure the cylinder is vented to atmosphere through a safety (bursting)
disc. Indication of this fact is given by a discharge indicator located on the outer skin of the
aircraft adjacent to the oxygen storage bottle(s). The cylinders are fitted with “shut-off valves”
to enable them to be removed from the aircraft for maintenance purposes.

Continuous Flow Oxygen System

MASK CONNECTION PO

( !_L\ Low
'O ° | HIGH PRESSURE

LOW PRESSURE
GAUGE CYLINDER(S)

@ HIGH PRESSURE
GAUG

LINE VALVE

PRESSURE
REDUCING
VALVE

&

SHUT-OFF
VALVE

Figure 13.1 Continuous flow oxygen system
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When the shut-off valve and line valve are turned on, high pressure oxygen will flow from the
charged cylinder to the Pressure Reducing Valve (PRV).

At the PRV the pressure is reduced to 80-100 psi for supply to the mask connection points,
where the pressure is further reduced by the fitting of a calibrated orifice. This ensures that
oxygen is supplied at the correct pressure for breathing at a continuous rate when required.

The mask connection points may be of the normal plug-in type or of the drop out type where,
in the case of pressurization failure, the masks are presented automatically and oxygen flow
will commence when the passenger puts on the mask.

Continuous flow regulators of the hand adjustable and automatic type may be installed for
crew and passenger oxygen supply respectively.

The hand adjustable regulator delivers a continuous stream of oxygen at a rate that can be
controlled. The system usually has a pressure gauge, a flow indicator and a manual control knob
used to regulate the flow according to the cabin altitude. The gauge indicates the pressure in
the cylinder in psi and the flow indicator is calibrated in terms of cabin altitude.

Flow indicators show that oxygen is flowing through the regulator. They do not show how
much is flowing or if the user is being supplied with sufficient oxygen.

Diluter Demand System

This type of system is provided in most aircraft for flight crew use and is separate and additional
to the passenger system. The system is shown in Figure 13.2. Oxygen is diluted with air and
supplied as demanded by the user’s respiration cycle and the oxygen regulator. There is a mask
connection point for each crew member and the supernumerary crew position.

A typical regulator operates as follows:-

e With the oxygen supply ‘ON’ and 'NORMAL' oxygen selected, diluted oxygen will be
supplied to the crew member’'s mask as he/she inhales. As the cabin altitude increases
and cabin air pressure decreases the percentage oxygen increases until, at 32000 ft
cabin altitude, 100% oxygen is supplied.

* 100% oxygen will be supplied, regardless of altitude, if the crew member selects 100% O, on
the regulator control panel.

e Selecting ‘EMERGENCY’ on the regulator will provide protection against the
inhalation of smoke and harmful gases by supplying 100% O, at a positive pressure.

* When 'TEST' is selected, oxygen at a high positive pressure is supplied to check masks for fit
and other equipment for leakage.
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Figure 13.4

Narrow Panel System, Normal Operation

For normal operation the supply lever is set to “on”, the oxygen selection lever to “normal”
and the emergency lever is in the “off” position. When the user inhales a differential pressure
is created across the demand diaphragm, causing the demand valve to open supplying oxygen
to the mask. This pressure differential exists during the user’s inhalation cycle. After passing
through the demand valve , the oxygen is mixed with air that enters through the air inlet port.
The mixture ratio is determined by an aneroid controlled air metering valve which provides a
high air ratio at low altitudes and a high oxygen ratio at high altitudes. Airflow begins at the
same time as oxygen flow through the air inlet valve.

Moving the oxygen selector lever to 100% cuts off the air supply through the inlet port from
the flight compartment. This prevents fumes etc. from entering the mask.

Selecting the emergency lever to the “on” position mechanically loads the demand diaphragm
to provide positive pressure.

Emergency Regulating Oxygen System (EROS) Crew Oxygen Masks

These are combined masks and regulators fitted at each crew station to provide the flight crew
with diluted or 100% oxygen. They are stowed in a panel mounted box in such a way that the
regulator controls and the feed hose protrude through apertures in the stowage doors. When
the mask/regulator is stowed and the box doors closed, oxygen flow to the mask is prevented
by a shut-off valve inside the box, this valve being held closed by the Reset-Test Lever on the
left door. The flow indicator is visible with the doors open or closed. The pneumatic harness
that holds the mask to the face is deflated when stowed . The harness fits all head sizes. It is a
requirement (JAR-OPS 1 subpart K) that these quick donning masks must be provided for the
flight deck crew on all aircraft that have a maximum operating altitude above 25000 ft.
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Control

The control for normal or 100% oxygen flow is on the front of the regulator, marked N and
100% PUSH. 100% oxygen is obtained by pushing in on the end of the control marked 100%
push.

The EMERGENCY control knob changes the flow from diluter demand to steady flow if it is
rotated to the emergency setting.

Operation

The mask is withdrawn by grasping the red release grips between thumb and forefinger. This
action initiates inflation of the harness, the inflated condition assisting its rapid donning.
Subsequent release of the grips bleeds pressure from the harness, which will now form fit the
head. The masks include R/T communication facilities and can be modified to include a mask
ventilation feature which, when selected, will provide ventilation to the smoke goggles in order
to overcome misting problems.

Testing

The emergency knob is also marked PRESS TO TEST. When pressed together with the RESET-
TEST lever, it allows oxygen to flow into the mask. Flow is checked on the flow indicator.

EMERGENCY

PRESS
HOR
TEST o

Figure 13.5 EROS oxygen mask
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Passenger Oxygen System

This system provides an emergency oxygen supply to the passengers and cabin attendants
and is of the continuous flow type supplied either by a high pressure gaseous system or a
chemical generator system. The masks are stowed in the passenger service units (PSU), the
doors of which will open automatically by a barometrically controlled release mechanism if the
cabin altitude reaches 14000 ft or by manual selection from the flight deck by the crew at any
altitude below this. The release mechanism is actuated electrically for the chemical generator
system and pneumatically for the gaseous system.

When the PSU doors open the masks drop to the “half-hung” position. Pulling the mask
towards the face initiates the oxygen flow by opening a check valve on the gas supplied system
or operating the electrical or percussion cap firing mechanism on the chemical generator. The
masks are now ready for use.

Chemical Oxygen Generators

Chemical Oxygen Generator System

Sodium Chilorat Filter Case Filter
Charge Blc

Oxygen Outlets

K v

Firing
Mechanism

Manifold

Relief Valve — /
Filter Thermal
Insulation M%ltl:‘tllng
Figure 13.6

The generators are relatively light self-contained devices and are located in each
passenger, cabin attendants and lavatory service units. Oxygen is generated by the
chemical reaction of sodium chlorate (NaClO,) and iron (Fe). The complete reaction is
NaClO, + Fe = (NaCl + FeO) + O,. The sodium chlorate and iron core is shaped to provide
maximum oxygen flow at starting.

A filter in the generator removes any contaminates and cools the oxygen to a temperature
not exceeding 10°C above cabin ambient temperature. A relief valve prevents the internal
pressure in the generator exceeding 50 psi the normal flow pressure is 10 psi. Sufficient oxygen
is supplied from the generator to meet the requirements of descent in emergency conditions
(min of 15 mins). There has now been developed a chemical generator which lasts for a period
of 22 minutes.
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Caution. Once the chemical reaction has started, it cannot be stopped. Surface temperatures
of the generator can reach 232°C (450°F). A strip of heat sensitive tape or paint changes colour,
usually to black, when the generator is used and provides visual indication that the generator
is expended. Chemical generators have a shelf/installed life of ten years.

—>»|<€— 10 SECONDS TO FULL FLOW

u MIN O, REQUIRED

DACTUAL 0, OUTPUT

MIN.OXYGEN FLOW PER PERSON
(LPM)

1 4 8 15 16 22
TIME IN MINUTES

Figure 13.7 Oxygen flow profile for a chemical oxygen generator

Portable Oxygen Systems

First aid and sustaining portable oxygen cylinders are installed at suitable locations in the
passenger cabin. They consist of a cylinder containing normally 120 litres of oxygen at a
pressure of 1800 psi in a carrying bag with straps. It is usually possible to set one of two flow
rates depending on requirement. These are Normal and High which correspond to flow rates
of 2 and 4 litres per minute. At these rates a 120 litre bottle would last 60 or 30 minutes
respectively. 310 litre bottles with four way manifolds for multiple supplies are available with
high or medium rates as above.

Crew Portable Oxygen Systems and Smoke Hoods

Standard portable oxygen bottles can be used by the crew to enable them to move about
the cabin during reduced cabin pressure situations but for use when harsh environmental
conditions exist portable sets with a full face smoke mask will be used. They may be standard
cylinders or may be special smoke sets with built-in generators which can produce oxygen for
15 minutes once initiated. Special training is required prior to use and they are not suitable for
passengers.
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SMOKE HOODS DRAGER

n o

Put both hands into the hood &|| Pull down toggle to Check neck seal. Tie
widen elastic bands/neck seal initiate “Quick Start” tapes around waist.
with back of hands. Pull hood || system. Toggle may
over head from behind. Keep detach.

hands between head & elastic
straps until mask covers mouth
& nose.

Figure 13.8 Smoke hoods (Drager)

ON-OFF VALVE (YELLOW) ~—, == PRESSURE GAUGE

OXYGEN CYLINDER

FULL FACE MASK

Figure 13.9 Crew portable oxygen
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Safety Precautions

The following general safety precautions apply to all oxygen systems. Specific precautions for
individual aircraft types are contained in the appropriate aircraft manual and flight crew should
familiarize themselves with the safety precautions for the type.

Oxygen is a non-flammable heavier than air gas which supports combustion as well as
life. Any flammable material will burn more fiercely in the presence of oxygen than in air.
Smoking is therefore banned in oxygen rich atmospheres and all combustible materials
should be removed from the area of oxygen recharging operations.

No oil or grease should be allowed to come into contact with oxygen as there is the
possibility of a severe chemical reaction and spontaneous combustion. This means that
tools, protective clothing, etc. must be free from oil and grease.

Any moisture present will react with gaseous oxygen and can cause corrosion and the
possibility of valves freezing. The oxygen will probably smell “bad” when used. It is therefore
essential that aircraft are replenished only with oxygen approved for aviation use.

During replenishment or maintenance of oxygen systems the surrounding area must be
adequately ventilated. Remember that oxygen is heavier than air and will fill low lying areas
such as servicing pits, aircraft bilges, etc.

Only lubricants specified in the maintenance manuals may be used, e.g. graphite.

Oxygen cylinders are identified by their colour. American and European cylinders are green,
and British cylinders are black with a white neck.
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Extract from EU-OPS Subpart K

The following information in EU-OPS 1 Subpart K is the requirement for the carriage of safety

equipment and the requirement for emergency oxygen is recommended reading for all

students.

Note: The information contained in the following extract was correct at the time of going to

print but it should be remembered that EU-OPS is subject to reqular amendment.

(@)

OPS 1.760

First-aid oxygen

An operator shall not operate a pressurised aeroplane at altitudes above 25 000 ft, when a cabin crew member is
required to be carried, unless it is equipped with a supply of undiluted oxygen for passengers who, for physiological
reasons, might require oxygen following a cabin depressurisation. The amount of oxygen shall be calculated using an
average flow rate of at least three litres standard temperature pressure dry (STPD)/minute/person and shall be sufficient
for the remainder of the flight after cabin depressurisation when the cabin altitude exceeds 8 000 ft but does not exceed
15 000 ft, for at least 2 % of the passengers carried, but in no case for less than one person. There shall be a sufficient
number of dispensing units, but in no case less than two, with a means for cabin crew to use the supply. The dispens-
ing units may be of a portable type.

The amount of first-aid oxygen required for a particular operation shall be determined on the basis of cabin pressure
altitudes and flight duration, consistent with the operating procedures established for each operation and route.

The oxygen equipment provided shall be capable of generating a mass flow to each user of at least four litres per minute,
STPD. Means may be provided to decrease the flow to not less than two litres per minute, STPD, at any altitude.

OPS 1.770
Supplemental oxygen — pressurised aeroplanes

(See Appendix 1 to OPS 1.770)
General

1. An operator shall not operate a pressurised aeroplane at pressure altitudes above 10 000 ft unless supplemental
oxygen equipment, capable of storing and dispensing the oxygen supplies required by this paragraph, is provided.

2. The amount of supplemental oxygen required shall be determined on the basis of cabin pressure altitude, flight
duration and the assumption that a cabin pressurisation failure will occur at the altitude or point of flight that is
most critical from the standpoint of oxygen need, and that, after the failure, the aeroplane will descend in accor-
dance with emergency procedures specified in the Aeroplane Flight Manual to a safe altitude for the route to be
flown that will allow continued safe flight and landing.

271

Aircraft Oxygen Equipment !



juawdinb3 ua8Axo yenay E

3 Aircraft Oxygen Equipment

20.9.2008

Official Journal of the European Union

L 254159

Appendix 1 to OPS 1.770

Oxygen — Minimum requirements for supplemental oxygen for pressurised aeroplanes during

and following emergency descent

Table 1

(a)

(b)

SUPPLY FOR:

DURATION AND CABIN PRESSURE ALTITUDE

All occupants of flight deck seats
on flight deck duty

Entire flight time when the cabin pressure altitude exceeds 13 000 ft and
entire flight time when the cabin pressure altitude exceeds 10 000 ft but does
not exceed 13 000 ft after the first 30 minutes at those altitudes, but in no
case less than:

(i) 30 minutes for aeroplanes certificated to fly at altitudes not exceeding
25 000 ft (Note 2)

(i) two hours for aeroplanes certificated to fly at altitudes more than
25 000 ft (Note 3).

All required cabin crew members

Entire flight time when cabin pressure altitude exceeds 13 000 ft but not less
than 30 minutes (Note 2), and entire flight time when cabin pressure altitude
is greater than 10 000 ft but does not exceed 13 000 ft after the first 30 min-
utes at these altitudes

3.

100 % of passengers (Note 5)

Entire flight time when the cabin pressure altitude exceeds 15 000 ft but in
no case less then 10 minutes (Note 4).

30 % of passengers (Note 5)

Entire flight time when the cabin pressure altitude exceeds 14 000 ft but
does not exceed 15 000 ft

5.

10 % of passengers (Note 5).

Entire flight time when the cabin pressure altitude exceeds 10 000 ft but
does not exceed 14 000 ft after the first 30 minutes at these altitudes

Note 1: The supply provided must take account of the cabin pressure altitude and descent profile for the routes concerned.

Note 2: The required minimum supply is that quantity of oxygen necessary for a constant rate of descent from the aeroplane’s maximum
certificated operating altitude to 10 000 ft in 10 minutes and followed by 20 minutes at 10 000 ft.

Note 3: The required minimum supply is that quantity of oxygen necessary for a constant rate of descent from the aeroplane’s maximum
certificated operating altitude to 10 000 ft in 10 minutes and followed by 110 minutes at 10 000 ft. The oxygen required in
OPS 1.780 (a)1 may be included in determining the supply required.

Note 4: The required minimum supply is that quantity of oxygen necessary for a constant rate of descent from the aeroplane’s maximum
certificated operating altitude to 15 000 ft in 10 minutes.

Note 5: For the purpose of this table “passengers” means passengers actually carried and includes infants.
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L 254/148

Official Journal of the European Union

20.9.2008

(b)

@)

3. Following a cabin pressurisation failure, the cabin pressure altitude shall be considered the same as the aeroplane
pressure altitude, unless it is demonstrated to the Authority that no probable failure of the cabin or pressurisation
system will result in a cabin pressure altitude equal to the acroplane pressure altitude. Under these circumstances,
the demonstrated maximum cabin pressure altitude may be used as a basis for determination of oxygen supply.

Oxygen equipment and supply requirements

1. Flight crew members

@

(ii)

(iii)

(iv)

Each member of the flight crew on flight deck duty shall be supplied with supplemental oxygen in accor-
dance with Appendix 1. If all occupants of flight deck seats are supplied from the flight crew source of oxy-
gen supply then they shall be considered as flight crew members on flight deck duty for the purpose of
oxygen supply. Flight deck seat occupants, not supplied by the flight crew source, are to be considered as
passengers for the purpose of oxygen supply.

Flight crew members, not covered by subparagraph (b)1(i) above, are to be considered as passengers for the
purpose of oxygen supply.

Oxygen masks shall be located so as to be within the immediate reach of flight crew members whilst at their
assigned duty station.

Oxygen masks for use by flight crew members in pressurised aeroplanes operating above 25 000 ft shall be
a quick donning type of mask.

2. Cabin crew members, additional crew members and passengers

@

(ii)

(i)

(iv)

General

Cabin crew members and passengers shall be supplied with supplemental oxygen in accordance with Appen-
dix 1, except when subparagraph (v) below applies. Cabin crew members carried in addition to the mini-
mum number of cabin crew members required, and additional crew members, shall be considered as
passengers for the purpose of oxygen supply.

Acroplanes intended to be operated at pressure altitudes above 25 000 ft shall be provided with sufficient
spare outlets and masks and/or sufficient portable oxygen units with masks for use by all required cabin crew
members. The spare outlets and/or portable oxygen units are to be distributed evenly throughout the cabin
to ensure immediate availability of oxygen to each required cabin crew member regardless of his/her loca-
tion at the time of cabin pressurisation failure.

Acroplanes intended to be operated at pressure altitudes above 25 000 ft shall be provided with an oxygen
dispensing unit connected to oxygen supply terminals immediately available to each occupant, wherever
seated. The total number of dispensing units and outlets shall exceed the number of seats by at least 10 %.
The extra units are to be evenly distributed throughout the cabin.

Acroplanes intended to be operated at pressure altitudes above 25 000 ft or which, if operated at or below
25 000 ft, cannot descend safely within four minutes to 13 000 ft, and for which the individual certificate of
airworthiness was first issued on or after 9 November 1998, shall be provided with automatically deploy-
able oxygen equipment immediately available to each occupant, wherever seated. The total number of dis-
pensing units and outlets shall exceed the number of seats by at least 10 %. The extra units are to be evenly
distributed throughout the cabin.

The oxygen supply requirements, as specified in Appendix 1, for acroplanes not certificated to fly at altitudes
above 25 000 ft, may be reduced to the entire flight time between 10 000 ft and 13 000 ft cabin pressure
altitudes for all required cabin crew members and for at least 10 % of the passengers if, at all points along the
route to be flown, the aeroplane is able to descend safely within four minutes to a cabin pressure altitude of
13 000 ft.

OPS 1.775
Supplemental oxygen — Non-pressurised aeroplanes

(See Appendix 1 to OPS 1.775)

1. An operator shall not operate a non-pressurised aeroplane at altitudes above 10 000 ft unless supplemental oxy-
gen equipment, capable of storing and dispensing the oxygen supplies required, is provided.

273

Aircraft Oxygen Equipment !



juawdinb3 ua8Axo yenay E

3 Aircraft Oxygen Equipment
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Appendix 1 to OPS 1.775

Supplemental oxygen for non-pressurised aeroplanes

Table 1
@) ®)
SUPPLY FOR: DURATION AND PRESSURE ALTITUDE
1. All occupants of flight deck seats Entire flight time at pressure altitudes above 10 000 ft
on flight deck duty
2. All required cabin crew members Entire flight time at pressure altitudes above 13 000 ft and for any period

exceeding 30 minutes at pressure altitudes above 10 000 ft but not exceeding
13 000 ft.

3. 100 % of passengers (See Note)

Entire flight time at pressure altitudes above 13 000 ft.

4. 10 % of passengers (See Note)

Entire flight time after 30 minutes at pressure altitudes greater than 10 000 ft
but not exceeding 13 000 ft

Note: For the purpose of this table “passengers” means passengers actually carried and includes infants under the age of 2.

274



Questions

Questions

1.

Without added oxygen the time of useful consciousness at 30000 ft is
approximately:

a. twenty seconds

b. eighty seconds

C. one to two minutes
d. six minutes

Without added oxygen the time of useful consciousness at 40000 ft is
approximately:

a. twenty seconds
b. three minutes
C. eighty seconds
d. six minutes

The maximum altitude without oxygen at which flying efficiency is not seriously
impaired is:

a. 10000 ft
b. 17500 ft
C. 25000 ft
d. 30000 ft

In a pressure demand oxygen system:

each member of the crew has a regulator

each member of the crew has a continuous oxygen supply
oxygen is supplied with a continuous pressure flow
oxygen demand will cause the pressure to rise

onp oo

In a continuous flow oxygen system, oxygen is supplied:

only when the mask is plugged into the socket connection
only on passenger inhalation through the mask

only when the cabin altitude is above 18000 ft

only when the supply has been regulated by the pilot

onp oo

In a diluter demand system, selection of emergency on this regulator will result in:

a. air mix supplied at emergency pressure

b. 100% oxygen supply as called for by the user

C. 100% oxygen at positive pressure

d. 100% oxygen continuous flow at positive pressure

If the aircraft suffers a decompression passenger oxygen masks:

are released by the passengers

automatically drop to a half-hung (ready position)
are handed out by the cabin staff

must be removed from the life jacket storage

onp oo

275

Questions !



suoisand E

10.

1.

12.

13.

14.

15.

13 Questions

Oxygen cylinders are normally charged to:

a. 1000 psi
b. 1200 psi
C. 1800 psi
d. 2000 psi

Rate of flow of oxygen is given in:

a. litres/minute

b. pounds/minute
C. litres/second

d. kilos/hour

The colour of American and European oxygen cylinders is:

a. red

b. blue

C. green
d. brown

Dangerous pressure rise in oxygen cylinders:

is relieved by a thermostat

is relieved by under pressurizing the bottle
is relieved by a bursting disc

is controlled by a thermal relief valve

onpoo

To leak test an oxygen system use:

fairy liquid and de-ionized water
thin oll

acid free soap and distilled water
acid free soap and water

onpoo

Lubrication of an oxygen component thread is by:

a. soap water
b. grease

C. oil

d graphite

Satisfactory operation of the oxygen system is indicated by:

flow indicators
lack of anoxia
aural reassurance
pressure indicators

onpoo

If the pressurization system fails and the cabin starts to climb, then at 14000 ft

oxygen will be available to the passengers by:
the stewardess who will hand out masks

portable oxygen bottles located in the seat backs
masks automatically ejected to a half-hung position

onpoo
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16.

17.

18.

19.

20.

21.

22.

When air is pressurized the % of oxygen:

a. increases

b. decreases

C. remains the same
d. nil

In an emergency chemically produced oxygen is supplied for a given period by:

a. sodium chlorate, iron power, an electrical firing system and a filter

b. potassium chlorate, iron powder, an electrical firing system and a filter

C. sodium chlorate, iron powder which is chemically activated by air and then
filtered

d. sodium chlorate and an electrical firing system

Passenger oxygen masks will present:

only when the cabin altitude reaches 14000

only if selected by the crew

only if selected by the cabin staff

if selected manually / electrically / barometrically

onoo

The charged pressure of a portable oxygen cylinder is normally:

a. 500 psi

b. 1200 psi
C. 1800 psi
d. 3000 psi

With the control knob set to high, a 120 litre portable bottle will provide oxygen
for a period of:

a. 60 mins
b. 30 mins
C. 12 mins
d. 3 mins

At what altitude will the diluter-demand oxygen regulator provide 100% pure
oxygen:

a. 10000 ft
b. 14000 ft
C. 24000 ft
d. 34000 ft

A flow indicator fitted to an oxygen regulator indicates:

a that exactly the correct amount of oxygen is being used by the crew member

b. that oxygen is flowing through the regulator

C that the crew member is correctly connected to the regulator

d that the system pressure reducing valve is supplying the correct pressure to the
regulator

13
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13 Questions

What is the approximate time of useful consciousness when hypoxia develops at
the specified altitudes?

onoTo

20000 ft 30000 ft
2-3 min 10-15 sec
10 min 2 min

30 min 90-60 secs
40 min 5 min

What is the effect on cabin temperature of a rapid de-compression at 30000 ft?

oo

Sudden and extreme drop

Insignificant change over the first 2 minutes

A gradual decrease to ambient over a period of about 10 minutes if the cabin
heating ceases

A gradual decrease to ambient temperature over a period of about 30 minutes
if cabin heating continues

Susceptibility to hypoxia is increased by:

onoTo

heat

noise

smoking
under-breathing

What is the approximate cabin altitude above which you must breath 100% oxygen
if you are to maintain an alveolar partial pressure equal to that at sea level?

onoTo

26000 ft
30000 ft
34000 ft
38000 ft
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13 Answers

Answers
1 2 3 4 5 6 7 8 9 10 11 12
C a a a d b C C C
13 14 15 16 17 18 19 20 21 22 23 24
d a d C a d C b d b C a
25 26
C C
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Smoke Detection

Smoke detection systems are employed where it is not possible to keep a bay or compartment
(for example cargo or electrical equipment bays) under constant physical surveillance. As
a general rule a system of detectors is employed in each compartment/bay which can give
remote warnings of smoke, can be tested from the flight deck, and can be re-set when a
warning is received in order to verify it.

APU
FIRE
DETECTORS

AFT
CARGO

COMPARTMENT!

AVIONICS FWD
COMPARTMENT|  CARGO
COMPARTMENY

BULK
CARGO

[COMPARTMEN

APU
EXTINGUISHER
CARGO FIRE BOTTLE

EXTINGUISHER

CARGO SMOKE
DETECTORS

EXTINGUISHER
BOTTLES

CARGO SMOKE

DETECTOR ENGINE
FIRE
DETECTORS

Figure 14.1 Location of smoke detectors
Smoke and flame detectors operate according to several different principles, for example:

e Optical
¢ |onization

Light detection system - designed to respond to a change in visible light or a change in infrared
radiation. Uses a photoelectric cell positioned so that it can monitor the surrounding area
producing a change in current to activate a warning circuit when a change of light or infrared
radiation striking the cell occurs. Activated by an open flame.
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Light refraction system - shown in Figure 74.2 uses a photoelectric cell which is shielded from
directlight from a projection lamp directed into a detection chamber. Air from the compartment
is drawn through the chamber. When smoke is introduced into the chamber light is reflected
from the smoke particles and falls on the photoelectric cell. The change of current flow caused
by the change in conductivity of the cell activates a visual and aural warning. The test lamp
illuminates when the test is selected from the flight deck and activates the smoke detector.

LIGHT-TIGHT LOUVRES

1.Clean air
condition.

PROJEETOR

2.Smoke
condition.

3. Test
condition.

Figure 14.2 Light refraction smoke detector
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lonization - uses a small piece of radioactive material to bombard the oxygen and nitrogen
molecules in the air inside a detection chamber. lonization takes place causing a small current
to flow across the chamber and through an external circuit. When smoke is introduced to the
chamber the smoke particles attach themselves to the oxygen and nitrogen ions and reduce
the current flow which is detected by the external circuit and activates the aural and visual
warning.

Radioactive Radioactive
bombardment material
h
My -
L 7 aun ~ .
Airin PR THEN Air out
e Ll B S
4=;£\\ T —
RN | T
R, AR
Sy -
[
Smoke +
particles
reduce current Detector
flow

Figure 14.3 lonization type smoke detector

Change in resistance of semiconductor material - uses two heated solid state detecting
elements. Each element is enclosed in a coating of semiconductor material. The material will
absorb ions of carbon monoxide or nitrous oxide thereby changing the conductivity of the
material. The elements are positioned so that one samples air in the cabin and the other
samples ambient air. The electrical output of the two elements is compared and if the sensor
that is sampling the cabin air absorbs toxic gases due to exposure to smoke or toxic gas then
the output of the two sensors is different and the warning will be activated.

Note. Smoke detectors can give false warnings due to dust, dirt, gaseous emissions such as the
discharge from rotting fruit or condensation.
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SVOKE DETECIORS
FREICGHT AL DISCHANCE VALY =S

m

———

o \ )
-

Figure 14.4 Smoke detector and indicator

Cargo Smoke Detection

Detectors situated in cargo bays, whilst operating on the same principle as previously described,
will, on modern aircraft, give a flight deck warning of FIRE and a suitable fire protection system

will be installed.

uoi3d93ag Njows E

CARGO SMOKE
TEST

Qs

DISCH
AGENT 2

"~ AGENT1 AGENT 1

DISCH 2
AGENT 2 AGENT 2

Figure 14.5 Cargo smoke detection (Airbus)
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TOILET SMOKE DETECTORS

1. Red light flashes
outside toilet.

3. Cabin call chime sounds.

2. Bleeper sounds.

4. Red light

HORN OFF  RES

a0

| kd

5. Can _ 6. Red lights flash
canc_el audio until smoke has cleared
warnings. & reset pressed.

Figure 14.6 Toilet smoke detector

Smoke Hoods

Smoke hoods are a fairly recent innovation to emergency equipment. Owing to the training
required to use a smoke hood it is only worn by flight and cabin crews.

The basic unit provides protection against all forms of smoke generated in a ground or flight
emergency. A rubber neck seal ensures complete insulation for the wearer whilst oxygen is
supplied via a self-contained system, the duration being a minimum of 15 minutes. Oxygen
expiry may be indicated by a resistance to breathing. Smoke hoods will be stowed at flight
crew stations and at cabin crew positions.

There are two types of smoke hood in airline use:

e Cabox. Stowed at the appropriate crew station in a sealed container, this unit has a chemical
oxygen generator installed. Care should be taken to ensure the quickstart cord is intact
before use.

* Drager. Like the above unitit is stowed in a sealed container. No preflight check is required.
It has a self-generating oxygen system actuated by a start cord.
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Smoke Detection

Glasses may be worn

Speak through speech
diaphragm

Chemical reaction
provides oxygen

Protects head from heat
and flames

Long hair must be pushed
back clear of neck seal

Expiry indicated by
resistance to
breathing and bag may
slightly deflate.

Minimum Duration
15 mins

Figure 14.7 Smoke hoods

Put both hands into the
hood and widen elastic
bands / neck seal with back
of hands. Pull hood over
head from behind. Keep
hands between head and
elastic straps until mask
covers mouth and nose.

Pull down toggle to initiate
"Quick Start” system.
Toggle may detach.

Check neck seal. Tie tapes
around waist.

Figure 14.8 Smoke hoods Drager
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Introduction

By design aircraft are intrinsically safe. However, it is an essential requirement that a “worse
case scenario” must be catered for. To this end a Fire Detection/Protection system must be
fitted in engines, APUs and main wheel wells.

Such areas are defined as Designated Fire Zones and may be described as:

“Areas where a potential fire risk may exist following failure or leakage of any component or
associated equipment”.

In order to avoid the spread of fire in engines or APUs, fire zones are established i.e. a series of
fireproof bulkheads.

A fire detection system must be capable of providing rapid detection of a localized fire or
overheat condition, however it must not automatically operate the fire extinguishers.

Fire Detection and Protection !

Figure 15.1 Triangle of fire
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Fire Detection Systems

Detection methods can vary according to the position of the equipment. Four methods of
detection can be described as follows:

* Melting Link Detectors. These are found in older aircraft and consist of a pair of contacts
held apart by a fusible plug. At a predetermined temperature the fusible plug melts
allowing the contacts to close and a fire warning circuit is made. A major drawback with
this detector is that the contacts will not open after the fire has been extinguished thus
giving a permanent fire warning.

 Differential Expansion Detectors. This type of detector operates on the principle of the
differential rate of expansion of dissimilar materials. They consist of a pair of contacts
mounted on a spring bow assembly, fitted within an expansion tube mounted on a base.
When heat is applied the tube expands at a greater rate then the bow, drawing the contacts
together, so providing power to the Fire Warning Circuit. A subsequent drop in temperature
will cause the tube to shorten, the contact will open and cancel the warning. This type of
unit is often used as a monitor on Engine Cooling Air Outlets to provide Internal Engine
Overheat (IEOH) warning. This type of detector usually incorporates a short time delay
before the warning is activated to prevent false warnings due to vibration.

ENGINE
OVERHEAT

ENGINE
OVERHEAT

Figure 15.2 Differential expansion detectors
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¢ Continuous Fire Detectors. These detectors are commonly known as Fire Wire Free From
False Detection, (FFFD) and operate on the principle of their elements having either a
negative coefficient of resistance or a positive coefficient of capacitance (one system has
both). An element consists of a stainless steel tube, with a central electrode insulated from
the tube by a temperature sensitive material.

The resistance of insulating material in the resistive type will decrease with increase of
temperature and current flow (leakage) between the central electrode and the outer
tube will increase until, at a predetermined level, sufficient current will flow and the
warning system will operate. If the temperature drops below a preset value the system will
automatically reset. In the case of the capacitance type anincrease in temperature causes an
increase in capacitance. The element is polarized by the application of half wave rectified AC
from a control unit which it stores and then discharges as a feedback current which, once it
has reached a predetermined level, activates the aural and visual fire warnings. This system
will reset itself once the temperature drops below a preset level and has the advantage over
the resistive type that a short circuit grounding the element or system does not result in a
false warning.

Fire wires are positioned around engine fire zones in a continuous double loop, both loops
having to detect a fire to initiate the warning. The system is AC supplied and has the ability
to continue functioning with a single wire break. Warning of this malfunction may be
displayed on the fire detection panel or electronic system display unit.

Dual Clamp

Support Tube

Quick Release Fastener

/ Copper Gasket
Steel Tube / Connectors
O /
/ . e ~Z e = ) o

'_-
§

Fire Detection and Protection !

Y

o e Central Electrode

Material which has:
+ve coefficient of capacitance
-ve coefficient of resistance

Figure 15.3 Continuous wire (fire wire) detector
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Overheat Expands
Inert Averaging Gas

E
D .
c = =
Power Supply B
A >
Responder Alarm Switch
(Normally Open)
Fire Releases Active Gas
E from Hydride Core
Alarm Signal b .
c i 2
Power Supply B
A

¢
> \ “)
Responder Alarm Switch
(Normally Open)

Figure 15.4 Gas filled detector

Gas Filled Detectors. This system consists of a continuous stainless steel tube
containing a core gas absorbent material. The tube is positioned strategically around the
engine wherever a fire is likely to occur. Gas is forced into the tube under pressure and
partially absorbed by the core before the tube is sealed. When the tube is heated the
absorbed gas is released from the core material and the pressure in the tube builds up
rapidly. This increase of pressure is sensed by a pressure switch at the end of the tube and
a signal, via a system control box, will initiate a fire warning on the flight deck. This system
also has the ability to detect an overheat within the fire zones possibly caused by a hot gas
leak from a bleed supply.

Like the fire wire this system is positioned around the fire zones in a double loop, once again
both loops being required to detect a fire to give a warning.

Should the integrity of the tube be breached and the gas released from the core, the same
pressure switch that sensed the pressure rise due to increased temperature will sense the
drop in pressure and signal a Loop Fault on the control panel or electronic systems display.

Note: Any fault within a fire detection system which may give rise to a false fire warning must
be treated as a real fire.
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Q

Fire Sensing Elements

e AND logic when both loops
are operative

* OR logic when either loop
is inoperative

LOOP A

LOOP B

AND
*

FDU

—>

CRC

ECAM

MASTER
WARNING

Fire Test

Before flight a means must be available to test the fire circuit. A fire test selector is therefore
provided on the flight deck. On selection the indications identical to a real fire warning will
be displayed on all engines. This has tested circuit continuity. Should a break occur in a Fire
Warning System no fire test will be given for that particular engine. Likewise a leakage in the
gas filled system will negate a warning. It may be designed that a warning is given to notify
crews that a single fire loop has failed, the system now operating on a single loop. Depending

Figure 15.5 Fire detection loops

on aircraft type limited leg operations may be permitted in the single loop mode.
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/)

AGENT 1 EN G 2

4y

AGENT 2

%

n
AGENT 1 ENG 1 AGENT 2

Figure 15.8 Pedestal engine and fire control panel

Images courtesy of Airbus Industrie
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Fire Warning Indications/Drills

Flight deck indications of a fire warning must be attention getting rather than startling. To

that end the format for such a warning may take the form of:

¢ a klaxon or bell or continuous repetitive chime sounding
e a master warning caption (No. 1 engine fire)
e asteady red fire warning light in the appropriate engine display channel

On receipt of a fire warning the drill must be carried out in strict order. The following drill

being representative:

* ameans of cancelling the aural warning
e asequence to shut off fuel, bleed air, electrics and hydraulics to the engine
* a means of discharging the fire bottles into the engine fire zones.

Note: The above drill is a generalization and the appropriate aircraft emergency checklist must

be consulted.

Q) a v Ay
AGENT 1 ENG 1 AGENT 2 ‘_‘_,q AGENT 1 ENG 2 AGENT2 ()
sQuiB et m— | saquis — e — squis

. F iz =

|

R rest = ] % = wsr R
»E *) GUEY - FLEH ) E

<«

v y ' b

BOTTLE 2 =
BOTTLE 1 3

CARTRIDGE ﬁ
L

0

Figure 15.9 Engine fire protection
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Fire Protection

Having adhered to the correct drill for shutting down an engine and isolating all services to it,
fire protection i.e. a fire extinguishant, can now be sprayed into the fire zones. This system
normally comprises fire bottles, usually two per engine, connected via piping to the fire zones.
At the zones the piping forms a spray ring from which the extinguishant is directed around the
area.

A means of discharging the fire bottle is provided on the flight deck and its operation may
follow the following sequence:

* engine shutdown drill completed

* an electrical cartridge, situated between the base of the fire bottle and the piping, is armed
(SQUIB illuminates an engine fire panel).

* pressing the AGENT selector fires the cartridge allowing fire extinguishant, under pressure,
to enter the spray rings in the engine

* pressurized extinguishant operates a low pressure electrical switch which illuminates the
DISCH caption on the AGENT selector.

In the event that a single fire bottle does not extinguish the fire a second is fitted, activation
and indication being the same as previously described.

Note: CS-25 1195 (c) states that two discharges must be provided for each engine.

Older aircraft may have varying flight deck indications of a bottle having been fired. For
example an indicator fuse (a clear small bulb which turns red on bottle firing).

Physical indications that a bottle has been fired may include:
e anindicator pin on the bottle head
* a bottle pressure gauge

Note: these may not be visible externally and panel access may be required.

In the event that a fire bottle has been subject to excess temperature/pressure a thermal
discharge may take place. Indications that the bottle contents have discharged overboard can
be:

e bottle pressure gauge reading zero

e an external green disc being ejected under which a red disc will show
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PULL HANDLE AND TWIST LEFT OR RIGHT
TO ACTIVATE FIRE EXTINGUISHER

DISCH DISCH
e V)
L R L R
L BOTTLE
DISCHARGE EISB(?H.I;\I-!R-CE;E

RIGHT FIRE
EXTINGUISHER

RIGHT
ENGINE

Figure 15.10 Typical fire protection system layout

Reference Figure 15.10.

On receipt of left engine fire warning:

1.

2.

6.

CLOSE LEFT THRUST LEVER

LEFT ENGINE HP OR ENGINE START LEVER CLOSE

PULL No. 1 FIRE HANDLE

NUMBER 1 ENGINE FIRE HANDLE ROTATE LEFT TO MECHANICAL LIMIT AND HOLD
FOR AT LEAST 1 SECOND. THIS WILL DISCHARGE THE LEFT BOTTLE INTO THE LEFT
ENGINE

IF AFTER 30 SECONDS FIRE WARNING REMAINS ILLUMINATED ROTATE No. 1 FIRE
HANDLE RIGHT TO ITS MECHANICAL LIMIT AND HOLD FOR AT LEAST 1 SECOND.
THIS WILL DISCHARGE THE RIGHT BOTTLE INTO THE LEFT ENGINE.

LAND AS SOON AS POSSIBLE

This is an example and individual aircraft checklists must be consulted for the correct procedure
to be followed.
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Auxiliary Power Unit Protection

APUs are constant speed self-contained gas turbines, which derive their fuel supply from the
aircraft system. Their services may include, bleed air, hydraulic power, electrical power or a

combination of these. They can when certified be available for airborne use.

APUs are self-monitoring and will auto shut down in the event of:

o fire
* oil pressure failure
* overspeed

¢ overheat

Note: Although APUs auto shut down a manual control panel is normally included. Automatic
discharge of the APU fire extinguisher may be performed on some aircraft in some circumstances.

EXT PWR

)
NOT IN USE
™

\_

LIGHT TEST

AVAIL

D)
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‘

COCKPIT CALL ADIRU & APU FIRE

AVNCS VENT

GY (o)
\_ \_

COCKPIT CALL RESET ‘
APU SHUT OFF

~

Figure 15.11 External APU fire control panel (Airbus)
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Courtesy of Airbus Industrie

Figure 15.12 Automatic toilet fire extinguishers

Toilet Fire System

These are fitted around each disposal receptacle for towels, paper or waste paper containers
and consist of a fire bottle, fusible plug and spray ring and are a requirement for all aircraft
with a passenger capacity of 20 or more. In the event of a fire the fusible plug will melt
discharging fire extinguishant into the spray ring. The toilets must also be fitted with a smoke
detector system. (See Chapter 14).
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SAFETY CATCH
Raise before use
— Red disc marked
B.C.F. “FULL" will drop off
COLOUR GREEN when extinguisher is

operated
Raise before use

U AIRLINE MODEL "]

1 . 5 kg BC F Duration of
discharge 15
Stored pressure secondg
fire extinguisher
GENERAL PURPOSE
FOR USE ON
ELECTRICAL & FLAMMABLE LIQUID FIRES
To operate - use upright
Relsassfety Squeeze lever and
catch, hold upright sweep base of flame
SAFETY CATCH
Raise before use
~—Red disc marked
WATER “FULL" will drop off
COLOUR RED when extinguisher

is operated
Raise before use

INE MODEL._J

1% 1b WATER

Stored pressure

fire extinguisher
NOT TO BE USED ON
LIVE ELECTRICAL OR BURNING LIQUID
OR GAS FIRES
To operate - use upright

Duration of
discharge 15
seconds

Release safety Squeeze lever and
catch, hold upright sweep base of flame

Figure 15.13 Extinguishers

Fire Extinguishants

Fire extinguishants must be suitable for various on-board aircraft fires. The list below gives
types and uses:

Bromochlorodifluromethane (BCF)

This is stored in signal red, purple, brown or green containers. This agent is very effective
against electrical and flammable liquid fires. It is only slightly toxic, is colourless, non-corrosive
and evaporates rapidly leaving no residue. It does not freeze or cause cold burns and will not
harm fabrics, metals or other materials it contacts. It is also known as Halon 1211. It acts
rapidly on fires by producing a heavy blanketing mist which eliminates air from the fire source
but more importantly it interferes chemically with the combustion process. It has outstanding
properties in preventing re-flash after the fire has been extinguished. Along with Halon 1301
it is widely used in HRD (High Rate Discharge) fire extinguishing systems fitted to some gas
turbine power plants.
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Bromotrifluromethane (BTM)

Stored in grey containers and used in fixed systems it is known as Halon 1301 and has a very
low toxicity. It is used for the protection of APUs, power plants and cargo compartments. It
has similar characteristics to Halon 1211 except that it has a vapour spray and is more difficult
to direct.

NOTE: BCF & BTM are part of a group of Halogenated Hydrocarbons commonly called FREON.
Others in the group have long names and are also Halon 1011, 104 & 1201. Halon 104 s no
longer used as it is toxic and the other two are not recommended for use in aircraft.

Water or Water Glycol

This is stored in red containers and used for hand held portable appliances. It can be used in
passenger cabins for combatting fires involving domestic materials. It must not be used on
fires which involve electrical equipment or liquids, the glycol is an antifreeze agent which
permit operation of the extinguishers at temperatures as low as -20°C.

Dry Chemical (Dry Powder)

This is stored in a blue or red container with a blue label and occasionally called ‘Dry Powder’.
The use of this agent in crew compartments or passenger cabins of pressurized aircraft is
not permitted (JAR-25). However some light aircraft may have these and their use should be
avoided if at all possible as visibility would be restricted and it can render inoperative otherwise
serviceable electrical equipment. The agent is a non-toxic powder i.e. potassium bicarbonate,
similar to talcum powder. It is very effective against fires involving flammable liquids, wood,
fabric and paper. It should not be used on electrical fires, and is best known for its application
against wheel and brake fires. As a powder it has no cooling effect and this reduces the
danger of wheel explosions or the distortion of the brakes or wheels.

Ground Use Extinguishers
In addition to the dry powder extinguisher, foam (cream or red with a cream label), water
(red), carbon dioxide, BCF and sand are available for ground use.

Carbon Dioxide (CO,)

Stored in black or red containers with a black label. It is non-corrosive and extinguishes the
flame by dissipating the oxygen in the immediate area. From a standpoint of toxicity and
corrosion it is the safest agent to use and for many years was the most widely used. If handled
improperly it can cause mental confusion and suffocation. It requires a stronger container than
most other agents due to its variation in vapour pressure with changes of temperature. The
use of this agent in aircraft is not permitted . Carbon dioxide may be used against most fires
and is particularly useful against engine fires as it will extinguish the fire without damaging the
engine. This agent may be used as a substitute for dry chemical against wheel and brake fires
but it should not be sprayed directly on to the wheel but alongside to blanket the wheel with
a CO, cloud.

Foam
The principal extinguishant for use on flammable liquid fires and propane, it blankets the
flames by excluding oxygen.

Water
Used on combustible material fires, it extinguishes by cooling. It must not be used on electrical,
fuel or brake fires.
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Sand

Useful for containing metal fires such as magnesium or titanium where liquids will make matters
worse.

Hand Held Extinguishers

The regulations state that the number of hand held extinguishers required will be governed by
the passenger capacity as follows : 7to 30 =1. 31to 60=2. 61to 200 =3. 201 to 300 = 4. 301
to 400 = 5. 401 to 500 = 6. 501 to 600 = 7. 601 to 700 = 8.

At least two of the extinguishers in the passenger compartment of an aircraft with a maximum
seating configuration of 61 seats or more must be BCF. There must be at least one additional
BCF hand extinguisher conveniently located in the flight deck.

Fire Systems and Compartments
There are three types of system in general aircraft use:

* Fixed System. This consists of containers holding the extinguishing agent fixed to the
structure and a system of distribution pipes and controls provided for the protection of
power plants and where applicable the auxiliary power units.

NOTE: On large aircraft, fixed systems may also be provided for the protection of landing gear
bays and baggage compartments.

e Portable System. This refers to the several types of hand operated fire extinguishers
provided to combat any outbreak of fire in flight crew compartments or passenger cabins.

* Mixed Systems. An arrangement used in some aircraft for the protection of baggage and
service departments, it consists of a system of distribution pipes and spray rings which are
mounted in the appropriate compartment, complemented by hand held or mounted fire
extinguishers discharged through special adapter points.

Fire Compartments (JAR-25)

The cockpit and passenger cabin are designated Class A compartments, meaning that a fire
may be visually detected, reached and combatted by a crew member. The engines are Class
C compartments, and fire detection and warning is provided. There are five types of cargo
compartments: Class A to E. Class A and B crew members may reach and combat a source
of fire; Class C or D which crew members cannot reach the source of fire. A Class E cargo
compartment is one on aeroplanes only used for the carriage of cargo.

Class A Compartments comply with the following:

e They provide for visual detection of smoke.
e They are accessible in flight.

e There is a fire extinguisher available.
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The cargo and baggage compartments are classified ‘B’ when complying with the following:

Sufficient access provided while in flight to enable a member of the crew to move by hand
all of the contents; and to reach effectively all parts of the compartment with a hand held
extinguisher.

When the access provisions are being used, no hazardous quantity of smoke, flames or
extinguishing agent will enter any compartment occupied by the crew or passengers.

Each compartment shall be equipped with a separate system of an approved type of Smoke
or Fire Detector to give a warning at the pilot’s station.

Hand fire extinguishers shall be readily available for use in all compartments of this category.

Class C compartments comply with the following:

There is a separate Smoke or Fire Detector system to give warning at the pilot or flight
engineer station.

There is an approved built in Fire Extinguishing System controlled from the pilot or flight
engineer station.

Means provided to exclude hazardous quantities of smoke, flames, or other noxious gases
from entering into any compartment occupied by the crew or passengers.

Ventilation and draughts controlled within each compartment so that the extinguishing
agent used can control any fire likely to occur in the compartment.

Class D no longer used

Class E compartments:

Equipped with a separate system of an approved type of smoke or fire detector.

Means provided to shut off the ventilating air flow to or within the compartment.
Controls for such means shall be accessible to the flight crew from within the cockpit.

Means provided to exclude hazardous quantities of smoke, flames, or noxious gases from
entering the cockpit.

Required crew emergency exits accessible under all cargo loading conditions.
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Fire Detection and Protection

Extract from EU-OPS Subpart K

The following information in EU-OPS 1 Subpart K is the requirement for the carriage of safety
equipment and the requirement for emergency oxygen is recommended reading for all
students.

Note: The information contained in the following extract was correct at the time of going to
print but it should be remembered that EU-OPS is subject to reqular amendment.

OPS 1.780

Crew protective breathing equipment

(a)  An operator shall not operate a pressurised aeroplane or an unpressurised aeroplane with a maximum certificated take-
off mass exceeding 5 700 kg or having a maximum approved seating configuration of more than 19 seats unless:

1. it has equipment to protect the eyes, nose and mouth of each flight crew member while on flight deck duty and
to provide oxygen for a period of not less than 15 minutes. The supply for Protective Breathing Equipment (PBE)
may be provided by the supplemental oxygen required by OPS 1.770 (b)1 or OPS 1.775 (b)1. In addition, when
the flight crew is more than one and a cabin crew member is not carried, portable PBE must be carried to protect
the eyes, nose and mouth of one member of the flight crew and to provide breathing gas for a period of not less
than 15 minutes; and

2. it has sufficient portable PBE to protect the eyes, nose and mouth of all required cabin crew members and to pro-
vide breathing gas for a period of not less than 15 minutes.

(b) PBE intended for flight crew use must be conveniently located on the flight deck and be easily accessible for immediate
use by each required flight crew member at their assigned duty station.

(c) PBE intended for cabin crew use must be installed adjacent to each required cabin crew member duty station.

(d) An additional, easily accessible portable PBE must be provided and located at or adjacent to the hand fire extinguishers
required by OPS 1.790 (c) and (d) except that, where the fire extinguisher is located inside a cargo compartment, the
PBE must be stowed outside but adjacent to the entrance to that compartment.

(e) PBE while in use must not prevent communication where required by OPS 1.685, OPS 1.690, OPS 1.810 and
OPS 1.850.

OPS 1.790

Hand fire extinguishers

An operator shall not operate an aeroplane unless hand fire extinguishers are provided for use in crew, passenger and, as
applicable, cargo compartments and galleys in accordance with the following:

(a) The type and quantity of extinguishing agent must be suitable for the kinds of fires likely to occur in the compartment
where the extinguisher is intended to be used and, for personnel compartments, must minimise the hazard of toxic gas
concentration;
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At least one hand fire extinguisher, containing Halon 1211 (bromochlorodifluoro-methane, CBrCIF,), or equivalent as
the extinguishing agent, must be conveniently located on the flight deck for use by the flight crew;

At least one hand fire extinguisher must be located in, or readily accessible for use in, each galley not located on the
main passenger deck;

At least one readily accessible hand fire extinguisher must be available for use in each Class A or Class B cargo or bag-
gage compartment and in each Class E cargo compartment that is accessible to crew members in flight; and

At least the following number of hand fire extinguishers must be conveniently located in the passenger compartment(s):

Maximum approved passenger seating

) . Number of Extinguishers
configuration

7 to 30 1
31 to 60
61 to 200

201 to 300
301 to 400
401 to 500
501 to 600

o |N ||V AW

601 or more

When two or more extinguishers are required, they must be evenly distributed in the passenger compartment.

At least one of the required fire extinguishers located in the passenger compartment of an aeroplane with a maximum
approved passenger seating configuration of at least 31, and not more than 60, and at least two of the fire extinguish-
ers located in the passenger compartment of an aeroplane with a maximum approved passenger seating configuration
of 61 or more must contain Halon 1211 (bromochlorodi-fluoromethane, CBrCIF,), or equivalent as the extinguishing
agent.
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Introduction

The specification of an ideal fuel for either a gas turbine engine or a piston engine would
include the following main requirements:

* Ease of flow under all operating conditions.

e Complete combustion under all conditions.

* High calorific value.

* Non-corrosive.

* No damage to the engine from combustion by-products.
e Low fire hazard.

* Ease of engine starting.

e Lubricity.

These requirements can be met and the methods of doing so are discussed later. In practice
the cost of satisfying all of them is prohibitive and therefore compromises have to be made.

Piston Engine Fuels

AVGAS

Piston engined aircraft use gasoline fuels grouped under the title AVGAS (aviation gasoline).
So that aviation gasoline will fulfil the above requirements, it is manufactured to conform with
exacting ‘specifications’ that are issued by the Directorate of Engine Research and Development
(DERD). The specification number for gasoline is DERD 2485. The octane rating of the fuel is
specified with the grade e.g. AVGAS 100 is a 100 octane fuel. Higher octane fuels are used with
high performance engines having high compression ratios.

The most popular grades of AVGAS readily available today are:

Grade Performance No. Colour Specific Gravity (Density)
AVGAS 100LL 100/130 Blue 0.72 Low Lead
AVGAS 100 100/130 Green 0.72 High Lead
AVGAS 115 115/145 Green 0.72 High Lead

Note: although AVGAS 100 and AVGAS 100LL have the same 100/130 performance No. they
are however easily distinguished by their colour.

AVGAS 100 is green, while AVGAS 100LL is blue.

MOGAS

MOGAS (motor gasoline) can sometimes be used in certain airframe engine combinations, but
only under the conditions specified in CAP 747 GC2 because of its low octane rating.

Because of its higher volatility carburettor icing and vapour locking is much more likely.
Information on the use of MOGAS can also be found in CAA Safety Sense leaflet no. 4a.
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Gas Turbine Fuels

Gas turbine engined aircraft use kerosene fuels. The two main types of gas turbine fuel in
common use in civilian aircraft are shown below, together with their characteristic properties:

AVTUR (Aviation turbine fuel)

* JET A1. This is a kerosene type fuel with a nominal SG of 0.8 at 15°C. It has a flash point of
38°C and a waxing point of -47°C.

e JET A is a similar type of fuel with the same SG and flash point but has a waxing point of
-40°C. This fuel is normally only available in the USA. Flash point of 38°C.

AVTAG (Aviation turbine gasoline)

e JET B. This is a wide-cut gasoline/kerosene mix type fuel with a nominal SG of 0.77 at 15°C,
it has a flash point as low as -20°C, a wider boiling range than JET A1, and a waxing point
of -60°C.

JET B can be used as an alternative to JET A1 but it has a wider range of flammability and is not
generally used in civilian aircraft.

Fuel Colour

Turbine fuels are not dyed for identification, they retain their natural colour which can range
between a straw yellow to completely colourless.

Cloudy Fuel

If a fuel sample appears cloudy or hazy then there could be a number of reasons. If the
cloudiness appears to rise quite rapidly towards the top of the sample then air is present, if the
cloud falls quite slowly towards the bottom of the sample then water is present in the fuel. A
cloudy appearance usually indicates the presence of water.

Jet Fuel Additives

A number of additives may be blended into the fuel either at the refinery or at the airfield to
improve the operating ability of the fuel. The most popular are listed below.

e FSIl (Fuel System Icing Inhibitor). A certain amount of water is present in all fuel. FSII
contains an icing inhibitor and fungal suppressant to combat the following problem:s:

* lcing. As an aircraft climbs to altitude the fuel is cooled and the amount of dissolved
water it can hold is reduced. Water droplets form and as the temperature is further
reduced they turn to ice crystals which can block fuel system components.

¢ Fungal Growth and Corrosion. A microbiological fungus called Cladasporium Resinae is
present in all turbine fuels. This fungus grows rapidly in the presence of water to form
long green filaments which can block fuel system components. The waste products of
the fungus are corrosive, especially to fuel tank sealing substances. The inclusion of FSII
in the fuel will help to overcome these problems.
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e HITEC (Lubricity Agent). A lubricity agent is added to the fuel to reduce wear in the fuel
system components (pumps, fuel control unit etc.).

e Static dissipater additives partially eliminate the hazards of static electricity generated by
the movement of fuel through modern high flow rate fuel transfer systems, particularly
during refuelling and defuelling.

¢ Corrosion inhibitors protect ferrous metals in fuel handling systems, such as pipelines and
storage tanks, from corrosion. Certain of these corrosion inhibitors appear to improve the
lubricating qualities (lubricity) of some gas turbine fuels.

¢ Metal de-activators suppress the catalytic effect which some metals, particularly copper,
have on fuel oxidation.

Water in the Fuel

Water is always present in fuel, the amount will vary according to the efficiency of the
manufacturer’s quality control and the preventive measures taken during storage and transfer.
Further measures can be taken to minimize water accretion once the fuel has been transferred
to the aircraft tanks:

e Water Drains. If the fuel can be allowed to settle after replenishment then the water
droplets, being heavier than the fuel, will fall to the bottom of the tank and can then be
drained off through the water drain valve.

* Fuel Heater. A fuel heater is provided in turbine engine aircraft fuel systems to prevent
water in the fuel freezing and blocking fuel filters.
In gas turbine engine systems the fuel is passed through a heat exchanger utilizing hot
compressor delivery air, to remove any ice crystals which may have formed while the fuel
was exposed to the very low temperatures experienced at high altitudes. Some systems also
utilize a fuel cooled oil cooler, this uses the hot engine oil to warm the fuel and in doing so
it also cools the oil.

* Atmosphere Exclusion. Once the fuel is in the aircraft fuel tanks, the main source of water
contamination is the atmosphere that remains within the tank. If the tanks are topped
up to full then the atmosphere is excluded together with the moisture it contains, thus
minimizing the likelihood that the fuel will be contaminated. Caution is required here,
filling up the tanks may prove an embarrassment the next day if the ambient temperature
rises as the volume of the fuel in the tank will increase and there is the danger that it may
spill out of the vent system. Filling the fuel tanks may also incur a performance penalty as
the aircraft may be too heavy to take off with the required traffic load and some defuelling
may be required.

Waxing

Waxing is the depositing of heavy hydrocarbons from the fuel at low temperatures. The
deposits take the form of paraffin wax crystals which can clog the fuel filter and interfere with
the operation of the fuel control unit. The effects of waxing can be minimized by:

¢ the refinery keeping the levels of heavy hydrocarbons low
e the inclusion of a fuel heater in the engine fuel system
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Boiling

The temperature at which a fuel boils will vary with the pressure on its surface. As an aircraft
climbs, the pressure on the surface of the fuel reduces and with that reduction comes an
increased likelihood that the fuel will boil and form vapour in the pipelines. The vapour locks
that this effect cause will effectively cut off the fuel supply to the engine with the inevitable
result that the engine will stop.

Fuel booster pumps fitted inside the tanks can overcome this problem by pressurizing the fuel
in the pipelines from the tank to the engine, pushing fuel towards the engine rather than
engine driven pumps sucking fuel from the tanks.

The Effects of SG

The specific gravity of a liquid varies inversely with its temperature. On modern aircraft this
usually makes little difference unless full tanks are required, because only the mass of the fuel
load is taken into account. The fuel quantity measuring system compensates for changes in
fuel specific gravity, however, the maximum governor fitted to some gas turbine engines is
sensitive to changes in specific gravity and so would require some adjustment if a different
specific gravity fuel was uplifted.

Fuel Systems

The Aircraft Storage System
The fuel is carried in (or on) the aircraft within tanks which can be integral, rigid or flexible.

 Integral tanks - where the inside of the wings and, depending on type, the centre section
torsion box and horizontal stabilizer, are sealed during manufacture to provide large volume
fuel storage. The advantage of this type of tank is that there is little extra weight added to
the aircraft as the tank structure is formed by the structure already required; all modern
large passenger aircraft will have this type of tank.

 Rigid tanks - a sealed metal container mounted in the aircraft wing or fuselage. Simple but
does add extra weight and requires mounting structure. Most popular on light aircraft.
This type of tank may be fitted externally, on the wing tip for example, made of metal or a
composite construction.

 Flexible tanks - bags made of sealed rubberized fabric, sometimes referred to as fuel bladders
or bag tanks. This type of tank requires structure inside the aircraft to attach and support it.
They are typically mounted inside the wing or fuselage, more popular on military aircraft as
they can be effectively ‘self-sealing’ in the event of battle damage occurring.

Baffles are fitted within the tank to minimize the large inertial forces generated when the fuel
surges during aircraft manoeuvres, acceleration, deceleration or sideslip for example. Some
large aircraft may be fitted with baffle check valves which allow the fuel to flow inboard but
not outboard towards the wingtips during manoeuvres. Fuel tanks also incorporate vents,
water drains, feed pipes, gauging system and filler caps. In larger aircraft the tanks will also
have booster pumps, high and low level float switches, pressure refuelling valves and filters.
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The aircraft fuel system is designed to store and deliver fuel to the engine fuel system. It must
be capable of delivering more fuel than the engine can possibly use in its most critical phase of
flight so that the engine is never starved of fuel.

Simple, Light Aircraft Fuel Systems

In a simple, light aircraft fuel system the fuel tanks are usually rigid tanks fitted in the wings
and filled by the overwing method (open line through a filler cap in the top of the tank).

These aircraft may use a gravity feed system or one using a pressure pump.

Single-engine Light Aircraft Gravity Feed Fuel System

Many high wing single-engine aircraft tend to use a gravity feed fuel system. These can be
used when the fuel tank is high enough above the carburettor to provide the pressure required
at the carburettor float chamber.

Fuel Gauges

Left Wing J L Right Wing
Vent Filler Cap Filler Cap

Tank Interconnect
Vent

Fuel
<«— Shut-off

Valve

To Intake Manifold Quick Drain Valve

Ca rburettor/’g

To Engine
Cylinders

Engine

Primer o .
Main Line Strainer

Figure 16.1 Single-engine light aircraft gravity feed fuel system
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Single-engine Light Aircraft Pressure Fed Fuel System
Other light aircraft use a pressure fed system similar to the gravity system but with the fuel
being delivered by a pressure pump.

The fuel is drawn from the tanks by a mechanical or electrical fuel pump through a tank selector
and filter before being delivered to the carburettor.

Engine priming is achieved by use of a priming pump which takes fuel from the filter housing
and delivers it to the inlet manifold. The fuel system is monitored for contents and pressure
and the fuel drains allow any water to be removed before flight.

PRIMING
TO INLET
MANIFOLD PUMP
ENGINE DRIVEN ——
FUEL PUMP
THROTTLE
CARBURETTOR
S
\ 4 ELECTRIC FUEL
r MIXTURE
PUMP CONTROL

¥ RIGHT
MAIN

TANK VENT

FUEL
STRAINER

LEVEL
SENSOR

FUEL TANK
SELECTOR
VALVE

AR Y/ AN | LB AR/
© 17F 0 180 245| 0 8 15/ | oNgs 90 100 ° w/F
LEFTFUEL olL YsmP FUEL PRESS OIL PRESS RIGH
us us

GALS

FUEL DRAIN

FUEL
GALS

Figure 16.2 Single-engine light aircraft fuel system

Multi-engine aircraft have more complex fuel systems to cope with the extra requirements for
altitude and engine configuration. The fuel tanks are invariably integral tanks and are in the
wings. Most modern aircraft may also have a ‘centre tank’, a tank in the centre section torque
box between the wings. There are also aircraft fuel systems which include fuel tanks in the
empennage (fin or stabilizer) which as well as being used to increase the fuel capacity may also
be used to affect the aircraft centre of gravity.

The system will include the following.

* Vent system - may include vent valves and vent surge tank. Allows the air pressure above
the fuel in the tank to equalize with the ambient pressure and may also provide for ram air
to be introduced to partially pressurize the tanks in flight to assist the fuel flow and help to
reduce fuel boiling at altitude. Any fuel overflowing into the vent system is collected by the
vent/surge tank and recycled back to the main tanks. The vent space in each fuel tank as
required by CS-23 and CS-25 is 2% of the tank volume.
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e Filters (screens) - are used to prevent any debris in the tank being drawn into the
booster pumps.

e Booster pumps - normally fitted in pairs in each tank to pump fuel from the tank to
the engine. They are a necessity in high altitude aircraft to prevent cavitation of the
engine driven pump. Booster pumps are typically centrifugal pumps driven by AC
induction motors providing low pressure (20 - 40 psi) and high flow. In the event of a
double booster pump failure in one main tank the aircraft Minimum Equipment List will
invariably limit the aircraft to a maximum operating altitude to prevent fuel
starvation.

¢ Collector tank (feeder box) - The booster pumps are fitted in a collector tank or feeder box
which always holds a measured quantity of fuel (typically 500 kg) to allow the pumps to be
continually submerged in fuel thereby preventing pump cavitation due to attitude changes
of the aircraft which could cause the pumps to be uncovered. The collector tank may also
have the facility to enable the pumps to be replaced without draining all the fuel from the
tank.

¢ Cross-feed and shut-off valves - to enable fuel to be fed from any tank to any engine and
isolated in the event of a fault or emergency.

¢ High and low level float switches or level sensors - High level switches are used to
automatically close the refuel valve when the tank is full (automatic top off) during refuelling
and the low level switches are used to maintain a required minimum fuel in the main tanks
during fuel jettison or dumping.

¢ Fuel drains - as in a light aircraft each fuel tank will have a fuel drain at the lowest point in
the tank to allow water to be drained from the tank.

e Baffles - are fitted in the tanks to dampen rapid movement of fuel (surging or
sloshing) during manoeuvring.

¢ Overpressure relief valve - In the event of the fuel tank being over pressurized due to a
malfunction a relief valve may be incorporated to prevent structural damage to the tank.

The following diagram, Figure 16.3, shows a typical two-engine jet aircraft system schematic
layout with controls and indications.

NOTE: The wing tanks are split into two elements, outer and inner sections which are sometimes
incorporated to allow a certain amount of fuel to remain in the outer section until the inner
has reached a pre-determined level. Keeping fuel outboard in this manner helps to reduce wing
bending stress and relieve flutter.
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Aircraft Fuel Systems (Twin Engines)

The normal sequence of fuel usage after take-off would be to use the centre tank fuel first
followed by the wing tank fuel. This sequence helps to relieve the wing bending stress. When
the booster pumps can no longer pump fuel from the centre tank the residual fuel can be
removed to the No.1 tank by use of the centre tank scavenge system.

The cross-feed valve allows both engines to be fed from one side or one engine to be fed from
both sides. Suction valves in the tanks allow the engine to be fed by gravity or suction by the
engine driven pump in the event of both booster pumps failing in one tank.

The control panel shows selector switches for each pump accompanied by low pressure warning
lights to show pump failure or low fuel level. There is also a control switch and indicator light
for the cross-feed valve. There is a temperature sensor in the No.1 tank which will transmit the
fuel tank temperature to an indicator on the control panel.

The engine fuel shut-off valve is closed by the operation of the fire handle for that particular
engine, in some aircraft it is also operated by the selection of the fuel switch during the normal
start or shutdown procedure.

The APU takes its fuel from the No.1 tank from a bypass valve if there are no booster pumps
operating, but could be fed from any tank if a booster pump in that tank was selected on. The
APU shut-off valve is typically operated by the automatic start or stop sequence.

Fuel imbalance in flight between the No.1 and No.2 tank can be corrected by selective switching
of the booster pumps and cross-feed valve (open the cross-feed and switch off the pumps in
the tank with less fuel until the correct balance is achieved by supplying both engines from
the tank with more fuel). When the correct balance is achieved switch on the booster pumps
previously switched off and close the cross-feed valve. This will restore the ‘tank to engine’
configuration (No.1 tank feeding No.1 engine and No.2 tank feeding No.2 engine).

The control panel also has indicators to show low pressure fuel filter bypass valve open (filter
blockage). This filter is the low pressure filter in the engine fuel system downstream of the fuel
heater.

Note: Unusable Fuel

It is not possible to burn all the fuel in the aircraft fuel tanks. The fuel pickup is not at the
absolute bottom of the tank. This is done to leave fuel in the tank in case there is some water
or sediment. This is what you are checking for when you do a fuel contamination check. The
amount of unusable fuel for each tank will be stated in the aircraft manual.
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The spar (LP) valve shuts off the fuel as it leaves the tank system and the engine fuel shut-off
(HP) valve shuts off the fuel at the engine firewall. The centre tank is split into two parts but it
operates at all times as a single tank. The cross-feed valve is duplicated to provide redundancy,
normally both valves move together as one. There are two shut-off valves in the fuel line to
the engine. The APU has a DC electric fuel pump which will switch on automatically if the APU
is operated with no booster pumps operating. This pump will also automatically start and the
APU isolation valve will open to allow the DC pump to supply fuel to the left engine for rapid
restarting, in the event of a double engine failure.
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Aircraft Fuel Systems (Multi-engines)

Fuel Jettison or Dump

The diagram of the right hand wing of an older four-engine aircraft below shows similar
components to the twin-engine system. The aircraft has a stabilizer tank which feeds fuel into
the transfer gallery or into the centre tank.

Where fuel pipes are routed through the pressurized rear fuselage they are double skinned to
prevent fuel fumes entering the cabin in the event of a leaking pipe.

This type of aircraft also has a jettison system. This would be required if the maximum landing
mass of the aircraft is significantly less than the maximum take-off mass and landing at the
higher mass would compromise the structural integrity of the aircraft or if the aircraft could
not satisfy the climb requirements of CS-25 and the discontinued approach requirements of CS-
25. In an emergency therefore fuel can be dumped to reduce the mass to its maximum landing
mass.

Fuel dumping is accomplished by pumping fuel out of a dump master valve, typically one on
each wing at the trailing edge, well outboard to enable the fuel to be dumped safely with no
danger of it entering the aircraft or any of its systems.

Fuel dumping is controlled from the pilot’s or flight engineer’s fuel control panel. The amount
of fuel to be dumped (or the amount of fuel to remain) can often be selected and automatically
controlled. The fuel dumping process will be automatically stopped when this level has been
reached.

It would be clearly undesirable to dump all of the fuel in the aircraft and safeguards must be
in place to allow a minimum amount of fuel to remain. The minimum amount is stipulated in
CS-25 which states that the fuel remaining after jettisoning must be sufficient to enable the
aircraft to climb to 10000 ft and thereafter allow 45 minutes cruise at a speed for maximum
range.

Management of this type of fuel system may be manual (flight engineer) or in more modern
two pilot aircraft, (747-400), can be almost fully automatic only requiring the minimum of input
from the pilot. The majority of the monitoring and switching actions are accomplished by a
fuel management computer. The stabilizer and centre tank fuel would be used first either by
transferring to the main tanks, as in our old system, or by selective fuel feed, as in the modern
aircraft. For the same reason as in the twin, fuel would be kept in the outboard section of the
wings as long as possible.
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Fuel Quantity Measurement
There are two methods of measuring fuel quantity.

* Measuring volume by varying a resistance by a float - normally restricted to light
aircraft, is subject to manoeuvring error and cannot compensate for variations of
density.

* Measuring weight or mass by varying capacitance - essential on modern passenger aircraft -
does not suffer from manoeuvring error and can compensate for variations of density.

The capacitive method works by supplying the two plates of a capacitor with AC. The current
that flows in the circuit now depends on four factors, the level of voltage applied, the frequency
of the supply, the size of the plates and the dielectric constant of the material separating the
plates. In our circuit three of these factors are fixed and the fourth, the dielectric constant, is
variable because the dielectric consists of fuel and air. The higher the level of fuel in the tank
the more fuel and less air will be in the capacitor probe, and vice versa.

The amount of current flowing in the circuit therefore depends on the amount of fuel/air
between the plates and in measuring this current we can have an accurate indication of the
mass of fuel in our tanks.

The system can be made sensitive to the specific gravity (density) of the fuel so that although
the volume of a quantity of fuel may increase with a temperature rise, the resulting decrease in
the specific gravity will ensure that the indicated mass (weight) remains the same.

To compensate for change in aircraft attitude the capacitive system may have many capacitor
probes in the tank connected in parallel to ‘average’ the measurement of the fuel in the tank.
This enables the system to give an accurate indication irrespective of the aircraft attitude.

Figure 16.6 Attitude compensation
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16 Aircraft Fuel Systems

System Function

If a capacitive gauging system fails, it does so in a manner to draw the attention of the user;
a fail-safe circuit is incorporated which drives the gauge pointer slowly towards the empty
position in order to prevent the indicator showing that there is more fuel in the tank than there
actually is. Some systems also incorporate a test switch utilizing the fail-safe circuit, when the
test switch is operated, the indication moves towards empty and when the switch is released
the pointer should move back to its original position.

Simple Quantity Measuring Systems

In the event that the electronic measuring system does fail, we must be able to determine the
quantity of fuel in the aircraft. A dipstick can be used from the top of the tank but of course it
exposes the user to the dangers inherent in walking on high slippery surfaces.

Another method is the ‘dripstick’, a calibrated hollow tube which is withdrawn from the under
surface of the tank through a fuel proof aperture. When the top of the tube becomes lower
than the fuel level, the fuel will drip through the tube, hence the name ‘dripstick’. The volume
of the fuel in the tank can be established by reference to the calibrations on the tube. The
disadvantage of this system is that the user’s armpit soon becomes saturated with the fuel
dripping from the pipe.

A more user friendly version of this system is the ‘dropstick’ or Magnetic Level Indicator (MLI).
The previously mentioned tube now becomes a rod, calibrated to show the level of fuel in the
tank. The rod is fitted within a fuel proof tube in the tank and around the tube is a magnet
supported on a float. The tip of the rod is also fitted with a magnet and when it is lowered
through the tube the fields of the two magnets interact. The length of rod protruding from
the underside of the wing indicates the level of fuel in the tank. By reference to the aircraft
manual and using the density of the fuel the mass of fuel in the tanks can be established.

Fuel System Instrumentation

The fuel system instrumentation on a light aircraft will consist of contents and pressure gauges
as shown in Figure 16.2, but on large aircraft it is necessary to provide information regarding
not only the quantity and pressure but also fuel used, position of valves such as cross-feed,
inter engine and firewall shut-off valve. Other indications include pumps on or off and fuel
temperature. These indications are usually in the form of “mimic” diagrams with ‘doll’s eyes’
and lights on the flight engineer’s panel or electronically presented schematic displays. Figure
16.7 shows a typical Airbus Electronic Centralized Aircraft Monitoring (ECAM) system display.
A Boeing Engine Indicating and Crew Alerting System (EICAS) would be a similar display.

324



Aircraft Fuel Systems 16

FUEL Kg
F.USED 1 FOB Fg?gg 2 1
3100 14350 5
D Ol
APU ~— 3
«
4
®¢
LEFT RIGHT
CTR L — 6
HENN [ I[—=1<
7
R E e
oO—— o€«
750 5030 2800 5030 ¢ %0 9
~_ -
-11 oc 7 - -11 10
11
12
Courstey of Airbus Industrie

Figure 16.7 Electronic fuel system display (Airbus)

Fuel used, each engine
Total fuel on Board
Engine fuel shut-off valve
APU fuel shut-off valve
Cross-feed valve

Wing tank booster pump indication
(Shown switched off)

7.

8.

9.

10.

11.

12.

Centre tank booster pump
Transfer valve indication

Fuel quantity, right wing outboard
Fuel quantity, right wing inboard
Fuel quantity, centre tank

Tank fuel temperature
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16 Aircraft Fuel Systems

Aircraft Refuelling

Before fuelling an aircraft, fuelling zones should be established. These zones will extend at
least 6 m (20 feet) radially from the filling and venting points on the aircraft and the fuelling
equipment.

Within these zones the following restrictions apply:
e There should be no smoking.

e If the exhaust of an APU which is required during the fuelling operation
discharges into the zone, then it must be started before filler caps are removed or fuelling
connections made.

 |f the APU stops for any reason during fuelling, it should not be started again until fuelling
has ceased and there is no danger of igniting the fuel vapours.

e Ground power units, (GPUs) should be located as far away as practical from the
fuelling zones and not be connected or disconnected while fuelling is in progress.

* Fire extinguishers should be located so as to be readily accessible.

Light aircraft are refuelled by the overwing method with the quantity issued in litres or gallons
indicated on the delivery vehicle.

Large aircraft are pressure refuelled from hydrants or bowsers through underwing refuel/
defuel coupling points and controlled by quantity, tank and valve selection from a conveniently
situated refuelling control panel. The quantity required in each tank can be preselected and the
refuel valve to that tank will close when this level has been reached. The system will prevent
any tank being overfilled. An example of an external refuel control panel is shown in Figure
16.8.

Precautions before Fuelling
Before fuelling commences, the following procedures should be carried out:

* The aircraft should be bonded (grounded) to the fuelling equipment using
dedicated wires and clips. Reliance must not be placed upon conductive hoses for effective
bonding.

* When overwing refuelling, the hose nozzle should be bonded (grounded) to the aircraft
structure before removing the tank filler cap. Similarly, even funnels, filters and cans should
be bonded to the aircraft. Plastic funnels or pipes should never be used.

* When underwing pressure refuelling, the mechanical metal to metal contact between
the aircraft fitting and the nozzle end eliminates the need for a separate hose-end
bonding cable.

NOTE: The sequence of refuelling the aircraft tanks can adversely affect the CG position
particularly if some of the tanks are only to be partially filled and/or the aircraft has a vertical or
horizontal stabilizer tank. If in doubt consult the aircraft manual.
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Precautions during Fuelling

When passengers are embarking or disembarking during fuelling operations, they should do
so under the supervision of an airline official and their route should avoid the fuelling zones.

Work on Aircraft during Refuelling

The precautions to be taken during refuelling which appertain to work being carried out on
the aircraft are many and various, some of the most pertinent are listed below:

In case the aircraft settles on the landing gear, all steps, trestles, jacks etc. should be moved
clear.

The main engines should not be operated.
Strobe lighting should not be used.

All torches and lamps used within the fuelling zones should be either certified flameproof
or of the ‘intrinsically safe’ type.

Only authorized personnel and vehicles should be allowed within the fuelling zone and their
number should be kept to a minimum.
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g Figure 16.8 An external refuelling control panel
Key to Figure 16.8
1. FUEL QTY. Shows fuel quantity by tank.
2. HIGH LEVEL LIGHTS. These come on BLUE when high level is sensed and the

corresponding refuel valve will close automatically.

3. REFUEL VALVES SELECTOR (guarded in NORM)
NORM. Refuelling valves are controlled by automatic refuelling logic.
OPEN. Valves open when the MODE SELECT switch is set to REFUEL or DEFUEL
position. In REFUEL each refuel/ defuel valve will close when high level is detected in
the associated tank.
SHUT. Valves close.
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10.

11.

MODE SELECT switch (guarded at OFF)

OFF. Refuel system is de-energized and the refuel valves are closed.

REFUEL. Refuel valves operate in automatic or in manual mode depending on the
position of the refuel valve switches.

DEFUEL. Refuel valves and transfer valve open.

TRF (transfer) light. Comes on AMBER when the transfer valve is open.

TEST switch.
HIGH. Illuminate if the high level sensors and associated circuits are serviceable.
LTS. Lights on panel and all 8's on fuel quantity indicator illuminate.

ELEC POWER. Refuelling or defuelling can be powered by GPU, APU or BATTERY 1.

PRESELECTED DISPLAY. Displays the preselected total fuel quantity in kg x 1000

PRESELECTOR ROCKER SWITCH. Pressing either side of the switch increases or decreases
the preselected quantity.

ACTUAL. Displays the TOTAL fuel on board.

AUTO REFUEL LIGHT. Comes on GREEN (END) when automatic refuelling is completed.

Refuelling with Passengers on Board - EU-OPS 1.305

To

reduce turnaround time, and for security reasons, airline operators of fixed wing aircraft

may allow passengers to embark, disembark or remain on board during fuelling operations,
provided the following safety procedures are followed:

It is not permissible to refuel fixed wing aircraft with less than 20 seats while
passengers remain on board.

Passengers should disembark if wide-cut fuels (e.g. Jet B) are being used.

Passengers should disembark whenever AVGAS is involved.

One qualified person must remain at a specified location during fuelling
operations with passengers on board. This qualified person must be capable of handling
emergency procedures concerning fire protection and fire fighting, handling
communications and initiating and directing an evacuation.

Crew, staff and passengers must be warned that de/refuelling is about to take place.

Seat belt signs must be off.
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16 Aircraft Fuel Systems

NO SMOKING signs must be on together with interior lighting to enable emergency exits to
be identified.

Passengers must be instructed to unfasten their seat belts and refrain from smoking.
Sufficient qualified personnel must be on board and prepared for an immediate evacuation.

If the presence of fuel vapour is detected inside the aircraft, or any other hazard arises
during de/refuelling, fuelling must be stopped immediately.

The ground area beneath the exits intended for emergency evacuation and slide
deployment areas must be kept clear.

Provision must be made for a safe and rapid evacuation.

Provision should be made, via at least two main passenger doors (or the main
passenger door plus one emergency exit when only one main door is available) and
preferably at opposite ends of the aircraft, for the safe evacuation of the aircraft in the
event of an emergency.

Ground servicing and work within the aircraft such as catering and cleaning, should be
carried out in such a way that they do not create a hazard or obstruct exits.

Additional Instructions for Wide Bodied Aircraft with Automatic
Inflatable Chutes

When a loading bridge is in use, no additional sets of steps need be provided.
However, either the left or right rear door should be manned constantly by a cabin
attendant and should be prepared for immediate use as an emergency route
using the automatic inflatable chute. Where slide action requires manual fitting of an
attachment to the aircraft (e.g. girt bar) the slide should be engaged throughout the fuelling
process.

As a precautionary measure when a loading bridge is not available for use, one set
of passenger steps should be positioned at the opened main passenger door which is
normally used for the embarkation and/or disembarkation of passengers.

Additional Instructions for Aircraft without Automatic Inflatable Chutes

* When a loading bridge is in use, one set of aircraft steps should be positioned at

another opened passenger door, preferably at the opposite end of the aircraft.

* When a loading bridge is not in use, aircraft steps should be positioned at two of the main

passenger doors (preferably one forward and one aft) which are to be open.

* Where aircraft are fitted with integral stairways and these are deployed, each may count as

one means of exit.
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Precautions after Fuelling
When fuelling is complete, bonding wires (grounding wires) should not be removed until either:
« filler caps have been refitted, or

e the pressure refuelling hose has been disconnected.

Special Hazards

There are certain situations which pose a particular danger while fuelling is being carried out.
The following is a (not exhaustive) list which covers some of the rules to be observed in those
situations:

 Aircraft should not be fuelled within 30 m (100 ft) of radar equipment either under test or
in use in either aircraft or ground installations.

* Ifthelanding gear is overheated, the aerodrome Fire Service should be called and no fuelling
carried out until the heat has dissipated.

* Extreme caution should be exercised during electrical storms. Fuelling operations
should be suspended during severe electrical disturbances in the vicinity of the
airfield.

e The use of photographic flash bulbs or electronic flash equipment within 6 m (20 ft) of
fuelling or vent points should not be permitted.

Marking of Fuelling Equipment

All fuelling vehicles, hydrant dispensers and their components should conform to the relevant
standards.

Fuelling vehicles and hydrants dispensing AVTUR will be identified by prominently placed labels
with the word “AVTUR"” and/or JET A, JET B depending on grade printed in white on a black
background.

Fuelling vehicles dispensing AVGAS will be identified by prominently placed labels with the
word “AVGAS” and the grade e.g. 100/130, 100LL etc. printed in white on a red background.
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16 Questions

Question Paper 1

1.

Baffles are fitted in aircraft fuel tanks:

onoTo

to assist in correct fuel distribution

to prevent fuel surging during aircraft manoeuvres

to prevent the static build-up in the tank during refuelling
to channel fuel to the vent valve

A power failure to a capacitive fuel contents system would cause the gauge to:

onoTo

show full scale deflection high

fluctuate between high and low readings

remain fixed on the last contents noted before failure
show full scale deflection low

A fuel booster pump, besides pumping fuel to the engine, can also be utilized to:

onoTo

jettison and transfer fuel
jettison and heat the fuel
transfer and heat the fuel
transfer and recycle the fuel

During fuel jettison, the aircraft is protected against running out of fuel by:

onoTo

high level float switches

preset jettison quantity switches
the crew remaining alert

low level float switches

To indicate that a refuelling bowser carries JET A1 aviation kerosene:

a.
b.
C.

d.

yellow and black stripes are marked on the refuelling hose

JET A1 would be painted in 30 cm high symbols on the side of the container
JET A1 is printed in white on a black background label positioned prominently
on the vehicle

the driver wears a straw yellow water and fuel proof jacket

Adjustments may have to made to an aircraft’s engine fuel system if it has been
refuelled with JET B instead of its normal JET A1 fuel, these adjustments are to

cater for:

a. the change in the specific gravity of the fuel
b. the change in the calorific value of the fuel
C. the change in the viscosity of the fuel

d. the lack of HITEC lubricant in the fuel

The differences between AVGAS 100 and AVGAS 100LL are:

onoTo

Colour Anti-knock value
Same Same

Same Different
Different Same
Different Different
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10.

The aircraft cannot be refuelled while:

op oo

a ground power unit is operating on the ramp
passengers are walking through the refuelling zones
passengers are boarding

the APU is running

The disadvantage of refuelling the aircraft to “tanks full” the night before a
departure in the heat of the day is that:

a.
b.

C.

d.

the change in the specific gravity may cause the aircraft to be overweight

the change in the volume of the fuel may cause it to spill through the vent
system

the change in calorific value may reduce engine power to below sufficient
the rpm governor will be rendered inoperative

An aircraft using MOGAS:

op oo

is likely to be affected by detonation at cruise power

must have booster pumps fitted in the fuel tanks

is more likely to be affected by vapour locking and carburettor icing
will suffer from a loss of power during take-off
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16 Questions

Question Paper 2

1. If a fuel sample appears cloudy or hazy, the most probable cause is:
a. water contamination
b. anti-microbiological additives
C. mixing different fuel grades
d. oil in the fuel
2. On an aircraft equipped with a compensated capacitance type fuel quantity

indication system graduated to read in kg, the temperature increases just after the
tanks are half filled with fuel. If the fuel expands by 10%, the gauges will show:

a. an increase of 10%

b. a decrease of 10% of the volume factored by the new specific gravity

C. a decrease

d. the same amount
3. The exhaust gases from the APU go into the refuelling zone. The APU:

a. must be switched OFF throughout the refuelling operation

b. can be started while refuelling is carried out.

C. must be started before fuelling is carried out, and can be run throughout the

refuelling operation

d. can be started only after the refuelling operation has been terminated

4. De-fuelled fuel:

can only be used in domestic heating systems

can only be used by aircraft from the same operators fleet
must be put back into storage

cannot be re-used until its quality has been verified

suoisand H
o N oW

5. The background colour scheme for fuelling system pipelines carrying the following
fuels is:
JET A1 AVGAS
a. Red Black
b. Black Red
C. Red Yellow
d. Yellow Red
6 AVGAS
a. is coloured red for identification purposes
b. is coloured green if it is a leaded fuel and blue if it is a low lead fuel
C. has no artificial colouring and appears either clear or a straw yellow colour
d. can only be used in piston engines if oil is added to improve its anti-knock
properties
7. Information relating to the use of MOGAS can be found in:
a. CAA General Aviation Safety Sense Leaflets
b. Advisory Information Circulars
C. NOTAM
d. CAA Airworthiness Publications
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10.

1.

The fuel cross-feed valves are fitted in order to facilitate:

the use of fuel from any tank to any engine

refuelling when only one bowser is in use

isolation of the engine from the fuel system in the case of an engine fire
transfer of fuel between the main fuel tanks

op oo

Refuelling with passengers on board is not permissible:

a. on a fixed wing aircraft

b. if AVGAS is being used

C. if the aircraft has more than twenty seats and the ratio of cabin attendants to
passengers is greater than 1:50 and it is a wide bodied jet

d. in any of the above cases

While refuelling with passengers on board, when a loading bridge is in use:

a. two sets of extra steps must be provided, one of which must be at the rear of
the aircraft

b. the rear left or right door must be manned constantly by a cabin attendant
ready for use as an emergency exit using the inflatable escape slide

C. ground servicing must not be carried out

d. catering and cleaning must not be carried out

Modern jet aircraft fuel tanks are pressurized:

by air from the engine compressor to prevent cavitation

by air from the air conditioning system to prevent cavitation
by ram air to prevent cavitation

by ram air to stabilize the boiling point

op oo
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16 Questions

Question Paper 3

1.

A “"wide-cut” fuel is:

more flammable than a kerosene type fuel
less volatile than a kerosene type fuel
coloured red for identification purposes
commonly used in civilian transport aircraft

anoTo

The purpose of fitting baffles in fuel tanks is to:

a prevent longitudinal movement of the fuel during acceleration

b. allow the booster pump to remain covered by fuel irrespective of the aircraft
attitude

C dampen lateral movement of the fuel in the wing tanks during a sideslip

d. maintain a pre-determined quantity of fuel in the outboard section of the
wing tanks

Fuel is heated:

a to stop cavitation in the High Pressure fuel pump
b. to maintain a constant viscosity

C to prevent water contamination

d to stop ice blocking the Low Pressure fuel filter

What is the function of a collector tank (feeder box)?

a Prevent detonation during take-off
b. Prevent cavitation of the booster pumps

C. Prevent fuel surge due to extreme aircraft attitude
d Allow suction feeding of the engine pump

Fuel tank booster pumps are:

centrifugal, low pressure
centrifugal, high pressure
gear type, low pressure
gear type, high pressure

anoTo

The advantage of a capacitor type fuel contents gauging system is that the circuit:

responds to changes in specific gravity

compensates for high altitude flight

responds automatically to extremely low temperatures
compensates for aircraft attitude changes

anoTo

The Low Pressure engine driven pump:

a. backs up in case the engine High Pressure pump fails

b. backs up in case of a double booster pump failure

C. assists in the refuelling operation if only low pressure refuelling systems are
available

d. pressurizes the fuel tanks to assist flow to the booster pumps
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10.

1.

12.

13.

The purpose of the fuel cooled oil cooler is to:

a. heat the oil and cool the fuel
b. heat the fuel and cool the oil
C. cool the oil

d. heat the fuel

If a fuel tank with a capacitive quantity system was filled with water instead of
fuel, the gauge would indicate:

a. full scale low (zero)

b. it would indicate the same as if it were filled with fuel
C. full scale high (max)

d. it would freeze at the last known indication

AVTUR or JET A1:

a. varies in colour between clear and straw yellow

b. is a wide-cut fuel which is not normally used in civilian transport aircraft
C. is a gasoline type fuel with a high flash point

d. is a 97 octane fuel which prevents detonation in gas turbine engines

When using which of the following fuels can refuelling be carried out with
passengers on board?

a. Avtag

b. JetB

C. Wide-cut
d. Jet A1

With an increase in altitude the boiling point of fuel will:

Questions !

a. stay the same
b. increase

C. decrease

d.

increase up to FL80 then remain the same
When refuelling an aircraft:

the refuelling nozzle must be bonded to the fuel tank

the bonding plug must be connected to the earth terminal
the continuity between nozzle and hose must be infinity
only use plastic nozzles

op oo
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16 Answers

Answers
Paper 1
1 10
b d
Paper 2
1 10 11
a b C
Paper 3
1 10 11 12
a a d c
13
a
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Active Hydraulic Systems. . ............
Actuators ........ .. ...
Adhesive Bonding ...................
Adverse AileronYaw .. ..............
AerodynamicBalance ...............
Aileron-rudder coupling
Air Conditioning Systems. . ...........
AircraftDoors. .......... .. ... ... ...
Aircraft Refuelling ..................
Aircraft Structures .. ........ ... ...
Air/Ground Logic System. ............
Airspeed Switch .. ..................
Anti-skid ... .. ...
Aquaplaning. . ............ ... .. ...,
Artificial Feel Trim ..................
Artificial Feel Units. . ................
Autobrakes. ......... ... ... .. L.
Automatic Cut-out Valves (ACOV) ......

B

Backlash ..........................
Baffles.......... ... ... ... ... ...,
Balance Tab
Bending.......... .. ...
Beta Particle Ice Detection Probe. .. ...
Bias . ...
Biplane ........ ... .
Bolting
Boosterpumps........... ... ...
Bootstrap .......... ... it
Braced Monoplane. . .................
Brake Control Valves .................
Brake Modulating
BrakeRelease......................
Brake Temperature Indicators.........
Bramah'sPress ......................
Breaker Strips .. ... ... L
Bromochlorodifluromethane (BCF) . ...
Bromotrifluromethane (BTM).........
Bulkheads..........................

C

CableTension......................
Cantilever Monoplane................
Carbon Dioxide (CO2) . ..............

Castoring. . ..o, 95,98
Chemical Oxygen Generators ......... 267
Circular ... o 12
Closed System. ...................... 55
Collector Tank (feeder Box)........... 317
Combustion Heater .. ............... 204
Composite Materials ................. 25
Compression. . ... 3
Constant Delivery. ................... 59
Constant Pressure ................... 59
Continuous Fire Detectors. . .......... 293
Continuous Flow Oxygen System ... ... 262
Control Balancing. . ................. 168
Control Locks .......... ... ... ..... 155
Control Position Indicators ........... 182
Control System..................... 152
CorroSioN ... ovii i 27
Corrosion inhibitors .. ............... 313
CreeP. oo e 115
CreepMarks....................... 115
Creep (Slippage). . ...t 123
Crossbeams. . .......... ... .. ... 17
Cross-feed . ... i 317
crossply ... 119
D

Damage Tolerant Structure............. 6
Damping. ... 98
Design Limit Load (DLL) ............... 5
Design Ultimate Load (DUL) . ........... 5
Differential ailerons . .. .............. 173
Differential Expansion Detectors .. .. .. 292
Diluter Demand System. .. ........... 263
Direct Vision (DV) Windows . .. ........ 19
DiscBrakes . ............ ... ... .... 129
Divided Wheel ..................... 114
DoubleBubble .. .................... 12
Doublers. ....... ... ... ... ... 17
DrainCocks. .......... ... ... .. ... .. 73
DRR ... 122
Dry Chemical (Dry Powder)........... 303
Dump ... e 321
DumpValve ....................... 221
Dynamicloads ....................... 4
E

Electrically Driven Pumps. ............. 59
Electrically-operated Selectors. . .. ...... 69
Emergency Lowering Systems. . ....... 110

Emergency Regulating Oxygen System
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Engine Bleed Air Systems. ............ 206
Engine driven pumps (EDP)............ 59
Eye Reference Position. . .............. 19
F
Failsafe......... . ... ... ... ... ..., 6
Failure Statistics ..................... 32
Fatigue ........ ... ... . .. L 7
Filters. . .. ... 57.317
Fire Detection Systems. . ............. 292
Fire Extinguishants. . ................ 302
Fire Protection ..................... 2908
FireTest. . ..., 295
Firewalls . ....... . ... ... ... ... ... 16
Fire Warning Indications . .. .......... 297
Fixed LandingGear .................. 89
FixedTabs......................... 177
Fixed Volume . ...................... 59
Flange Wheel .. .................... 114
Flaperons ......... ... ... ... ...... 174
Flight Deck Windows. . ............... 18
float switches . ..................... 317
FloorVenting ....................... 17
Flow Control Valves . ................. 70
Flow Indication...................... 73
Fluid Sampling Points. . ............... 73
Flutter..... ... ... . . .. 23
Fly by Wire (FBW) Systems .. ......... 192
Foam........ .. .. . . . i 303
Frames. . ... .. .. 15
framework . ... ... L 12
FreeFalls...... ... ... ... .. ........ 110
Frise Ailerons . ..................... 173
FSII (Fuel System Icing Inhibitor). .. .. .. 312
FuelDrains . ............ ... ... .... 317
FuelHeater........ ... ... ... ...... 313
Fuel Jettison .. ..................... 321
Fuel Quantity ...................... 323
Fungal Growth..................... 312
Fuselage ......... ... ... ... L. 11
Fuselage Design .. ................... 11
Fuses ... ... 70
FusiblePlugs....................... 116
G
Gas Filled Detectors ... .............. 294
Gasper Air. . ... 214
Gear SelectorLock . ................. 108
GPWS - Ground Proximity Warning System . .
109
Ground CoolingFan................. 211

Ground Locks ........ ... ... . ... 109
Ground Servicing Couplings ........... 73
H
Hand Held Extinguishers . ............ 304
Hand Pumps........................ 58
Hard Time Maintenance .............. 39
Heat Exchanger .................... 211
Heavy Landings ..................... 30
High Lift Devices. . .. ................ 156
HITEC (Lubricity Agent). .. ........... 313
Hoop Stress. . .. ...t 11
HornBalance ...................... 169
Horn Isolation Switch. . .............. 109
Humidifier. . ...... ... .. ... ... .... 212
Hydraulic Accumulators. .. ............ 63
Hydrauliclacks...................... 64
HydraulicLock ...................... 65
HydraulicMotors . ................... 65
Hydrostatic Pressure. .. ............... 47
I
Ice DetectorHeads. . ................ 241
InflationValve ..................... 121
InnerTubes. ....................... 121
Intergranular Corrosion. . ............. 29
Inwards Relief (inwards Vent) Valve.... 220
J
JET Ao 312
JET AT .. 312
JETB ..o 312
K
KnurledFlange..................... 115
L
Leading Edge Devices ............... 158
Linear Slide Selector. .. ............... 68
Longerons. ......... ... ... 15
M
Mach Trim......................... 180
Mainplanes. .......... .. ... .. 20
MassBalance ...................... 172
Mass Flow Controller .. .............. 212
Materials. .. ...... ... ... .. ... ... .. 25
MAT Limits .. ...... ... o, 124
Maximum Structural Landing Mass (MSLM) .
30
Maximum Structural Taxi Mass . ........ 30
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Maximum Take-off Mass (MTOM) . ..... 30
Maximum Zero Fuel Mass (MZFM). .. ... 30
Mechanical Ice Detectors. . .. ......... 242
Melting Link Detectors .............. 292
Modulators. ............ ... ... ... 70
MOGAS. . . 311
Moisture Detector Controller ......... 243
Moisture SensingHead .............. 243
Monocoque ........ ... .. ... 12
Monocoque Construction............. 14
N

Napier.. ... ..., 242
Non-returnValves ................... 67
Nose Wheel Centring. . .............. 108
Nose Wheel Landing .. ............... 31
Nose Wheel Shimmy ................. 98
Nose Wheel Steering .. ............... 96
@)

Off Load Controls. . .................. 73
Oleo-pneumatic Struts. .. ............. 920
"On-condition” Maintenance .......... 39
Open-centre System. . ................ 54
Oval...... .o 12
Overpressure Relief Valve ............ 317
P

ParkingBrake...................... 137
Pascal'sLaw ........................ 47
Passenger Cabin Windows ............ 19
Passenger Oxygen System .. .......... 267
Passive Hydraulic System . ............. 49
Pinning ......... ... ... .. 27
Plate Brakes ....................... 129
PlyRating ........... ... iin.. 122
Portable Oxygen Systems ............ 268
Power Operated Controls ... ......... 185
PowerPack......................... 55
Power Steering Systems. . ............. 96
Pressure Control..................... 65
Pressure Gauges. . ................... 72
Pressure Maintaining Valves . .......... 65
Pressure Reducing Valves. . ............ 66
PressureRelays. ..................... 72
Pressure Release Valves .. ............. 73
Pressure Switches. .. ................. 73
Primary Controls. . .................. 151
Pumps....... ..o 58

Q

Quantity Indicators .................. 72
Quick-disconnect . ................... 73
R

Radial ........... ... ... ... ...... 119
Ram AirSystems. ................... 203
Ram AirValves ..................... 212
RecirculationFans. .. ................ 215
Rectangular ........... ... .. .. ..... 11
Reliefvalves ........................ 65
Reservoirs . ...... ..., 56
Resonance.......... ... .. .. .o, 23
Restrictor Valves (or Choke) ........... 67
Retractable Landing Gear............. 92
Ribs ... 23
Riveting. . ... 26
Rotary Selectors . . ................... 68
RubberCord........................ 89
S

Safelife ......... ... ... ... ... .. .... 5
SafetyFactor. ........................ 5
Safetyvalve........................ 220
Sandwich Construction ............... 26
Sangamo Weston Ice Detector........ 243
Schradervalve ..................... 121
Seals ... 51
SelectorValves ...................... 68
Selfcentring . ....................... 96
Self-centring Operation............... 97
Semi-monocoque. ... .. 12
Semi-monocoque Construction......... 14
Sequence Valves. . ................... 69
ServoTab ............ ... ... ... ... 171
Shear. ... 3
Shut-off Valves . . ................... 317
Shut-off Valves . . .................... 73
ShuttleValves. ...................... 69
SKin ... 23
SmokeHoods . ..................... 287
Speed Brakes .................. 160, 174
SpeedRating ...................... 122
Spoilers ... ... 174
Spoiler System .............. ... .... 161
Spool Valve Selector. . ................ 68
SpringBias .......... ... ... ..., 179
Spring SteelLegs . ................... 89
SpringTab. ........................ 171
SQUIB .ot 298
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Stabilizing Surfaces .................. 23

Static Dissipater .................... 313
Staticloads . ......................... 4
Station Numbers ........ ... ... .. ... 8
Strain. . ......... . . 4
SHresS . v 4
Stress Concentration Factor............. 8
Stress CoOrrosion .. ... 29
Stressed Skin. . ....... ... ... ... 12
Stringers .. ... 23
Structural Limitations. . ............... 30
Sub-system . ........ ... . .. 73
Surface Corrosion. . .................. 29
T

Tail Strike. .. ...... ... ... 31
TaperedBead Seat.................. 115
Temperature Compensation.......... 153
Temperature Control ................ 213
Temperature Indication............... 73
Tension . ........... i 3
Thermal Switch. .................... 243
Toilet Fire System . .................. 301
Torsion ...t 4
Trailing Edge Flaps .. ................ 156
Tread Separation ................... 125
TrimAIr. . ... 214
TrimmingTab ...................... 177
Truss ..o 12
Tubeless Tyres. . ...ttt 121
Turbo-compressor .................. 209
TyreBurst . ....... ... ... . oL 125
TyreDamage ...................... 124
Tyre Markings. . .................... 122
\'

Variable Incidence Tailplane .......... 177
VentSystem ........... ... .. ..., 316
Ve 109
Ve et 109
W

WaterDrains. . ..................... 313
Water Line (WL)...................... 8
Water or Water Glyco ............... 303
Water Separator. . .............. ... 211
Waxing . ....ooviniiii e 313
Welding. ............. oo 26
Windscreen Protection .............. 252
Wing Growth ...................... 143
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