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UNIT 1. Engine systems

1. Discuss the following questions:
- What are the main functions of starting and ignition systems?

- Which indicating systems are included in electrical and electronic
requirements for the engines?

- Do you know anything about original way of starting piston engines?
- Which method is in wide spread use now?
- How does electrical starting system operate?

- Describe the operation of twin-engine starting system.

2. Read the text to find the answers to the previous questions:
Engine systems. Starting and ignition

The aircraft engine is installed with many systems requiring electrical
power. The predominant requirement (in terms of current consumption)
is for the starting system. General aviation aircraft use electrical starter
motors for both piston and gas turbine engines; larger transport aircraft
use an air-start system (controlled electrically) derived from ground
support equipment or by air cross-fed from another engine. Electrical
starting systems on piston and gas turbine engines are very different.
The trend towards the all-electric aircraft will see more aircraft types
using electrical starting methods. The engine also requires electrical
power for the ignition system. Once again, the needs of piston and gas
turbine engines are quite different. Although starting and ignition
systems are described in this chapter as separate systems, they are both
required on a coordinated basis, i.e. a means to rotate the engine and
ignite the air/fuel mixture.

Electrical and electronic requirements for engines also include the
variety of indicating systems required to operate and manage the
engine. These indicating systems include (but are not limited to) the
measurement and indication of: rotational speed, thrust, torque,
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temperature, fuel flow and oil pressure. Indications can be provided by
individual indicators or by electronic displays. This chapter describes
engine starting, ignition and indicating system for both piston and gas
turbine engines.

Starting and ignition in piston engines

The original way of starting piston (internal combustion) engines was
by ‘swinging’ the propeller; this involves using the propeller as a lever
to turn the engine shaft. The method in widespread use on most engines
now is a starter motor powered by the aircraft battery. Basic electrical
starting systems comprise a series or compound wound motor with
engaging mechanism. The simplest method of physically connecting
the motor to the reciprocating engine is via a pinion on the motor that
engages with a gear ring attached to the crankshaft; this mechanism
disconnects after the engine has started. This pinion and gear ring
provide a gear ratio in the order of 100:1 to turn the engine at sufficient
speed to overcome compression and bearing friction. Referring to
fig. 1, the battery master switch is selected on; this energizes the battery
relay and power is applied to the busbar and starter relay. When the
starter switch is closed, this energizes the starter relay and applies
power to the starter motor. As soon as the engine fires and starts, the
starter switch is released and power is removed from the motor; this
opens the starter relay contacts.

Battery relay
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Fig. 1. Electrical starting system
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Twin-engine (piston) starting system

The twin-piston engine aircraft is started in a similar way to the single
engine. power is applied from the battery to the battery relays. When
the battery master switch is turned on, power is available at both the
starter relay. Power is also made available at the busbar and the starter
circuit breaker is fed to the dual starter switch. Each engine is started by
its own set of contacts. When an engine has been started the switch is
released and the spring-loaded contacts return it to the centre-off
position.

3. Are these statements true or false?
1. Piston and gas turbine engines use electrical starter motors.

2. Electrical starting systems on piston and gas turbine engines are very
similar.

3. The function of starting and ignition systems is to rotate the engine
and ignite the air/fuel mixture.

4. Electronic displays and individual indicators are used to measure
rotational speed, thrust, torque, temperature, fuel flow and oil pressure.

5. Most engines now use the method of swinging the propeller to start
the engine.

6. The twin-piston engine aircraft is started in a different way from the
single engine.

4. Match the following words with their translation:

1. Starting system a) KOJICHUYaThIi Ball

2. Ignition system b) nBoitHO# TYyMONEp 3ammycKa
3. The engine shaft C) BaJI IBUTATENs

4. Reciprocating engines d) TpeHue B MOALMIUITHUKAX



5. A pinion €) cucTeMa 3aIycKa JIBUIaTels

6. The crank shaft f) moprHeBoit ABUTaTENH
7. A gear ring g) 3y0uaToe KOJIbI0

8. Bearing friction h) cucrema 3axxuranus
9. A busbar 1) mecTtepHs

10. The dual starter switch j) cuII0Bas 3IEKTPOIINHA

5. Underline 7 terms related to the topic and translate them using a
dictionary.



UNIT 2. Magneto ignition

1. Discuss the following questions:

1. Can you describe the process of generating ignition energy for piston
engines?

2. Which principle does the magneto operate on?

3. Why are there 2 spark plugs each driven from a separate magneto in
the aircraft engine?

4. What is polar inductor method?

5. What is the function of ignition cables?

2. Read the text to find the answers to the previous questions.
Magneto ignition (high-tension type)

Ignition energy for piston engines is generated from a magneto; this
provides pulses of electrical power via a distributor to spark plugs in
each of the engine cylinders. The magneto operates on the principle of
electromagnet induction (fig. 2); it is a combined four-pole permanent
magnet generator and autotransformer and can be used where there is
no aircraft battery.

The engine drives the input shaft of the magneto rotor via a gearbox;
the relative movement of transformer windings and the poles of a
permanent magnet can be arranged in one of three ways:

1. The transformer coils are on the shaft and the magnet is fixed to the
housing (rotating armature type)

2. The permanent magnet is rotated by the shaft within stationary coils
of the transformer (rotating magnet type)

3. A soft iron inductor is rotated between the permanent magnet and
transformer windings (polar inductor type).
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Fig. 2. Magneto ignition principles

For every revolution of the shaft, a cam opens the contact breaker,
interrupting the primary current; this causes the electromagnetic field in
the primary coil winding to collapse. As the field collapses there is a
voltage generated across the primary coil. A capacitor connected
across the contacts discharges when the breaker contacts are closed and
charges when they open. When the capacitor discharges, a high current
flows through the primary coil, inducing high secondary voltages. The
capacitor also prevents arcing across the breaker contacts, and
determines the voltage across the primary coil thereby controlling the
rate at which the electrical energy dissipates through the primary coil.
The magneto’s output is directed to the spark plugs via a distributor.
The distributor shaft is connected via gears to the magneto shaft; this
ensures that energy is applied to the spark plugs with the correct timing.

In the aircraft engine, each cylinder normally has two spark plugs, each
driven from a separate magneto. This arrangement provides redundancy
in the event of failure of one of the magnetos. Two sparks per cylinder
also provides a more complete and efficient burn of the fuel/air
mixture. The magneto’s simplicity and self-contained design provides
reliability as well as light weight. An on/off switch controls the system;
in the off position, the primary winding is connected to ground, and this
prevents current from being induced in the primary windings.
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Magneto ignition (low-tension type)

A larger piston engine has more cylinders and is designed to operate at
higher altitudes. Decreased atmospheric pressure means that the high-
tension magneto system is prone to electrical insulation breakdown in
the distribution cables. The low-tension magneto system is based on the
polar inductor method. The output from the magneto is a low voltage;
this is increased to a high voltage by secondary transformers located
near the plugs. This reduces the length of high-tension cable and
reduces the risk of insulation breakdown in the distribution cables.
Brushes and commutators form the low-tension magneto distributor.
Ignition cables carry the high energy from the magneto to the plugs.
The single core of stranded conductors is insulated by a substantial
thickness of material.

3. Are these statements true or false?

1. A magneto generates pulses of electrical power to spark plugs in the
engine cylinders.

2. Electromagnet induction is the main principle of a magneto
operation.

3. Each cylinder in the aircraft engine usually has one spark plug.

4. Larger piston engines are designed to operate with the high-tension
magneto system.

5. To provide the plugs with the high energy from the magneto ignition
cables are required.

4. Match the following words with their Russian definitions.

1. Spark plugs a) Karymka tpanchopmaTopa
2. Electromagnet induction b) cBeumn 3aKUTaHUS
3. Input shaft C) BeAyIIuii Baj peayKTopa
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4. Gear box d) pacpemenuTenbHEIN Ba

5. The transformer coil €) BIIEKTPOMAarHUTHAS
WHTyKIHS

6. Secondary voltages f) mpoBoma cucremsr
3a)KUTaHMS

7. The distributor shaft 0) BTOPHYHOE HAIPSKEHUE

8. Insulation breakdown h) pemyxTop

9. Ignition cables 1) mpoOoif N30IAIUN

5. Make up your own sentences using the active vocabulary from
activity 4.
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UNIT 3. Spark plugs

1. Discuss the following questions:

1. What is the main function of the spark plugs?

2. Where is the plug located?

3. Which conditions does the plug have to operate on?

4. Which materials are commonly used in spark plug installations?

2. Read the text to check your answers.

These conduct the high-energy output from the magneto across an air
gap. The fuel/air mixture across the gap is an insulator; as the voltage
from the magneto increases, it alters the structure of the fuel/air mixture
between the electrodes. Once the voltage exceeds the dielectric strength
of the fuel/air mixture, it becomes ionized. The ionized fuel/air mixture
then becomes a conductor and allows electrons to flow across the gap.
When the electrons flow across the gap, this raises the local
temperature to approximately 60,000K. The electrical energy is
discharged as heat and light across the air gap, thereby appearing as a
spark with an audible ‘clicking” sound. This energy ignites the fuel
mixture in the cylinder. The plug is fitted into the cylinder head’s
combustion chamber and is therefore exposed to high pressures and
temperatures; plugs have to operate with minimal deterioration over
long periods of time in this harsh environment. The outer shell of the
plug is made from high tensile steel with close tolerance threads to
locate the plug in the cylinder head; a copper crush-washer completes
the seal against high gas pressures. The outer shell is connected
electrically to the cylinder head through its body. The centre electrode
carries the high tension energy to the spark gap; this is formed from a
material that is resistant to the repetitive arcing, typically nickel,
platinum or iridium. An insulator separates the inner and outer sections
of the plug, typical materials include mica, ceramic, aluminium oxide
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ceramic. Examples of spark plug installations, together with ignition
cables, are shown in fig. 3 and fig. 4.

Fig. 3. Spark plugs (new and used) Fig. 4. Spark plug installation

3. Translate the words and phrases into Russian. Make up your
own sentences using them:

1. An insulator
2. To become ionized
3. A conductor

4. To ignite the fuel mixture

o1

. To be exposed to high pressures and temperatures
6. Harsh environment

7. With minimal deterioration
8. The outer shell
9

. To be resistant to something

4. Match the beginning of the sentences with their ending.
Translate.

1. An insulator is made from ...
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2. The energy ...

3. The outer shell of the plug is made from ...
4. Plugs have to ...

5. The plug is fitted ...

6. The centre electrode is formed from ...

7. Spark plugs ...

a) conduct the high energy output.

b) high tensile steel.

c) ignites the fuel mixture in the cylinder.

d) into the cylinder head’s combustion chamber.

e) operate with minimal deterioration over long periods of time in harsh
environment.

f) ceramic, aluminium oxide ceramic.

g) nickel, platinum or irridium.

5. Underline several terms related to the topic and make up
sentences using them.
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UNIT 4. Turbine engine starting

. Discuss the following questions:

. Can you describe the general features of a gas turbine engine?
. Which requirements should the starter motor meet?

. What is necessary for starting gas turbine engines?

. What does HEIU abbreviation stand for?

. How many HEIUs are required per engine?

. What is stored in HEIU?

~N o o1 A WD

. What is self-sustaining speed?

2. Read the text to find the answers to the previous questions.

Starting a turbine engine requires a higher-duty motor compared with
piston engines; the motor has to overcome higher inertia and needs to
achieve higher cranking speeds. The general features of a gas turbine
engine are illustrated in fig. 5. Air is compressed through a multi-stage
system before entering the combustion chamber where it is mixed with
fuel and ignited. The expanding exhaust gases are then directed through
a turbine to produce thrust. The turbine also turns shafts to drive the
compressor stages.

The starter motor has to overcome the inertia of the compressor; a large
volume of air has to be drawn through engine and then accelerated and
compressed until the engine’s self-sustaining speed is reached. Self-
sustaining speed is when sufficient energy is being developed by the
engine to provide continuous operation without the starting device.
When the turbine engine is driving a propeller (commonly called a
turboprop) the starter has to overcome the additional inertia of the
propeller (helicopter engines are normally connected to the rotor via a
clutch).
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Fig. 5. Gas turbine engine features

A typical turbine engine starter circuit is illustrated in fig. 6. Current
from the busbar is connected to the coil of a starter relay via a push-
button switch. This makes a circuit to a timer switch and starter motor
via a limiting resistor. (The resistor limits excessive currents that would
otherwise occur in overcoming the initial torque of the motor.) Once
the motor speed has reached its nominal operating speed, its starting
torque reduces and the timer switch operates contacts for the shorting
relay. With the relay energized, current from the busbar is switched
directly into the motor, i.e. bypassing the resistor. Ignition is switched
on when self-sustaining speed is reached; power to the motor is
removed.

The initial current through the turbine engine starter motor is in the
order of 1000-1500A, hence the need for a limiting resistor and timing
circuit.

High-energy ignition is required for starting gas turbine engines; a dual
system is normally installed for the main engines. The system
comprises two HEIUs and two igniter plugs per engine. A typical HEIU
installed on an engine is shown in fig. 7. Turbine ignition systems are
switched off after the engine has reached self-sustaining speed; the
system is used as a precaution during certain flight conditions e.g.
icing, rain or snow. In-flight start uses the wind-milling effect of the
engine within the specified flight envelope of air speed and altitude.
High voltages are required for the igniter plugs to accommodate the
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variations in atomized fuel over the range of atmospheric conditions.
Electrical energy is stored in the HEIU and then dissipated across the
igniter plug.

g DC busbar

R o
—— 0 O
Starting| |© ) I Starter Start
relay | 1 switch
- _{&X_ - e 1
\ : e "
1

|
T
l/' : Time

Limiting
resistor

| Shorting
relay 3
n

Starter motor

Fig. 6. Turbine engine starter circuit

The very high voltage output from an HEIU is potentially lethal. The
HEIU can remain charged for several minutes; always refer to the
maintenance manual for operating procedures.

Fig. 7. Ignition unit installation
17



3. Are these statements true or false?
1. Turbine engines require the same motors as piston engines.

2. Thrust is produced by the expanding exhaust gases directed through
a turbine.

3. To start a gas turbine engine high energy ignition is necessary.

4. The main engine system typically consists of one HEUI and one
igniter plug per engine.

5. HEUI’s voltage output is not dangerous.

4. Match two parts of the sentences.

1. Starting a turbine engine ...

2. The starter motor has to overcome ...

3. The initial current through the turbine engine starter motor ...
4. Turbine ignition systems are switched off ...

5. The HEIU ...

a) is in the order of 1000-1500A.

b) can remain charged for several minutes.

C) requires a higher-duty motor compared with piston engines.
d) after the engine has reached self-sustaining speed.

e) the inertia of the compressor.

5. Underline several terms related to the topic, translate them using
a dictionary.
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UNIT 5. Main engine start

1. Answer the following questions:

1. How are main engines normally started?

2. Which sources of air for starting the main engine do you know?
3. What is low-energy ignition? When is it selected?

4. Do you know the starting sequence for a gas turbine engine?

2. Read the text to check the answers to the previous questions.

The main engines are normally started via air-driven motors; there are
three sources of air for starting the main engines:

- APU
- ground air supply cart
- another engine.

Valves, controlled either manually or automatically, are operated by
motors. With the APU started and running at normal speed, a switch on
the start control panel opens the APU bleed valve. Air is directed
through the isolation valve and engine bleed valve to the engine start
valve.

When using the ground air supply cart, an external connection is made
and air is directed through the engine bleed valve to the start valve, or
through the isolation valve and engine bleed valve to the start valve.
When using another engine (that is already running), air is supplied
from its bleed valve, through the isolation and bleed valves of the
engine to be started and through to the start valve.

For illustration purposes, a twin-engined aircraft starting and ignition
system is described. There is a combined start and ignition control
panel located in the overhead panel; this is fitted with a rotary switch
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for each engine. The operation and functions of this switch are identical
for each engine. The switch has to be pushed in before any selections
can be made; this is to prevent accidental movement of the switch.
Selecting ground (GRD) connects 28V DC to energize the start switch
holding coil.

The circuit is completed through the cut-out contacts in the engine
starter valve. The start switch is now held in the GRD position and the
ground start sequence is initiated. The 28V DC supply also energizes
the start valve solenoid and this opens the valve, supplying air to drive
a small turbine in the starter motor. The turbine connects through an
accessory gearbox onto the engine’s HP compressor shaft.

At approximately 16% of maximum rotational speed, the start lever is
moved from the cut-off position to ‘idle’. This applies 28V DC through
a second pair of contacts of the start switch and ignition switch to
supply the HEIU. Each igniter plug discharges at a high level, typically
20 joules of energy, at 60-90 discharges per minute. (This can be heard
outside the engine as an audible ‘clicking’ sound.) At a pre- determined
cut-out speed, the centrifugal switch in the starter motor opens: the start
switch is de-energized and returns (under spring force) to the off
position. The 28V DC power supply is removed from the HEIU and the
start valve motor drives to its closed position. The engine continues to
accelerate to the ground idle speed; this is slightly above self-sustaining
speed and occurs when the engine has stabilized. For a twin-shaft axial
flow engine, ground idle is typically 60% of the high-pressure (HP)
compressor speed.

Low-energy ignition (typically 4 joules of energy, at 30 discharges per
minute) is used in certain phases of flight including take-off, turbulence
and landing. Furthermore, if the aircraft is flying through clouds, rain or
snow, continuous low-energy ignition is selected on the control panel.
This closes a contact on the rotary switch and applies power to a second
HEIU input.

In the event of an engine flameout during flight, the crew will attempt
an in-flight start of the engine; this requires a modified procedure to
that of the ground start. The engine will be wind-milling due to the
forward speed of the aircraft. The starter valve and motor are not
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selected as with the ground start. Low ignition (LOW IGN) and flight
(FLT) are manually selected on the control panel until the engine
reaches flight idle speed. In-flight restarts can only be attempted within
certain airspeed and altitude limits.

Gas turbine engines sometimes suffer from a starting problem that
results in fuel entering the combustion chamber, but no ignition; this is
sometimes referred to as a wet start.

The starting sequence for a gas turbine engine is to: (i) develop
sufficient airflow to compress the air, (ii) turn on the ignition, and (iii)
open the fuel valves. This sequence is critical since there must be
sufficient airflow through the engine to support combustion before the
fuel/air mixture is ignited.

3. Match the following words with their translation:

1. Bleed valve ) TIOBOPOTHBIHN MEPEKITIOYATENh

2. Isolation valve b) ckopocTs camomnoaaepkanust paboThI

3. A rotating switch C) MPOUCXOSAIINI B BO3IyXe, HA 6OPTY
camoseTa

4. Cut-out speed d) xmaman oT6opa BO3ayXa OT JABUTATEIS

5. Self-sustaining speed  €) caMOBBIKITIOYEHHE IBUTATEIS

6. Engine flameout ) mepexprIBHOI KiTaman

7. In-flight g) mpezesbHasi CKOPOCTh

4. Are the following statements true or false?
1. There is one source of air for starting the main engine.

2. Low-energy ignition is only used in case of turbulence.
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3. An in-flight start of the engine is required in the event of an engine
flameout. 4. In-flight restarts can be attempted at any speed and
altitude.

5. GTEs sometimes suffer from a starting problem called a ‘dry start’.

6. The starting sequence for a GTE is not important.

5. Underline several terms related to the topic and make up
sentences with them. Translate.
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UNIT 6. Auxiliary power unit (APU) start and ignition

1. Answer the following questions:
- What are the car engine components?
- How does a driver start a car engine?

- Are there any critical differences in the engine start processes of a car
and an aircraft?

2. Read the text to check the answers to the previous questions.

The APU on large transport aircraft is started electrically; air is then
bled into the air distribution system for the main engines, see fig 8.

tail

APU exhaust nozzle

intake door

aircraft fuselage APU air intake

A
\

\ auxiliary air bleed

APU air duct

auxiliary electrical power

Fig. 8. Airplane APU

The APU starter motor is engaged and disengaged automatically as part
of the starting system. A centrifugal switch connected to the APU shaft
controls the start sequence via three sets of contacts that operate at
35%, 95% and 110% of maximum speed. An oil pressure switch
ensures that the system cannot start until the lubrication oil pump builds
up sufficient pressure.
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With the system circuit breaker closed, and the start switch selected, the
start and control relays are supplied via the closed 110% switch
contacts; the starter motor is now connected to the electrical supply via
the start relay. The starting sequence is confirmed via a green
annunciator light on the control panel, the light is connected to the
power supply via contacts on the control relay. The fuel solenoid
holding relay (FSHR) is operated via the control relay, and the 35%
switch contacts; the low-pressure (LP) fuel pump motor is connected to
the power supply via the FHSR. The start switch is now released; the
starter circuits are maintained via the FHSR, 100/35% switch contacts
and control relay. When the oil lube pump builds up sufficient pressure,
this closes a switch that provides a retaining supply for the FSHR. The
high-pressure fuel shut-off valve is then energized open (allowing fuel
to be delivered under pressure into the APU) and the ignition system is
supplied via the 95% contacts. The APU continues to accelerate; at
35% engine speed, the start and control relays open; the starter motor is
disengaged, and the ‘start’ light is switched off. At 95% of maximum
speed, the contacts open and the ignition is switched off. The APU start
sequence is now completed, and the engine runs constantly at 100%
r.p.m. (there is no throttle control on the APU).

The APU can be shut down either manually (by selecting the APU to
off) or automatically. Loss of oil pressure at any time will automatically
shut the APU down. An overspeed condition (sensed by the 110%
switch opening its contacts) will de-energize the fuel solenoid holding
relay, close the high-pressure fuel shut-off valve and remove power
from the low-pressure booster pump.

3. Say if these statements are true or false:
1. The APU starter motor is engaged and disengaged manually.

2. The oil pump builds up sufficient pressure and only after this the oil
pressure switch ensures safe system start.

3. The starter motor is now connected to the electrical supply via the
start relay.

24



4. The LP valve is the only one taking part in the start process.
5. The starter motor is disengaged at 35% engine speed.

6. The APU is possible to be controlled with a throttle control.
7. There are 2 ways to shut down the APU.

4. Translate the following words and classify them according to
their part of speech (Nouns, Verbs, or Adjectives / Participles):

To engage, centrifugal, to disengage, switched off, shaft, lubrication,
sufficient, pump, to ensure, control, to supply, ignition, completed, to
complete, throttle, holding.

5. Make 7 meaningful word collocations using the text and
exercise 3:

- the starter motor is disengaged

- start sequence is completed
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UNIT 7. Engine indicating systems overview

1. Read the passage about primary engine indicating systems and
do the activity that follows:

Engine indications can be broadly divided into primary and secondary
systems. Some indication systems are unigque to gas turbine, turboprop
or piston engines, some are common to all types. Primary indicators
include:

- speed
- temperature
- thrust

- fuel flow.

2. Try and predict what engine secondary indicators might include.
Make a list.

3. Read the text to check your ideas.

Engine indications can be broadly divided into primary and secondary
systems. Secondary indicators include (but are not limited to):

- oil temperature
- oil quantity

- oil pressure

- vibration.

Measurements are made by a variety of transducers; these are devices
used to convert the desired parameter, e.g. pressure, temperature,
displacement etc. into electrical energy. The location of engine
instruments is normally between the two pilot’s panels, see fig. 9.
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Fig. 9. Typical engine instruments

Engine speed

This is a primary engine indication used on both piston and gas turbine
engines. It is one of two methods used to indicate thrust on gas turbine
engines (the other being EPR). In gas turbine engines, the usual practice
is to display a percentage of maximum revolutions per minute (r.p.m.)
rather than actual r.p.m. Typical gas turbine engine speeds are in the
order of 8000-12,000 r.p.m. Engine speed is monitored by the crew at
all times; particularly during start and take-off to make sure that engine
limits are not exceeded. The two principal types of engine speed
transducer are the tachometer and variable reluctance device.
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Tachometer system

The tachometer indicating system is a small three-phase AC generator
connected via a mechanical link to engine accessory gearbox. A
tachometer system is found on most general aviation aircraft. Referring
to fundamental principles, the tachometer’s output increases with
increased engine speed; the output is rectified and connected to a
moving coil meter. The output from the generator is supplied to a three-
phase AC synchronous motor in the indicator.

3. Complete the following sentences with the words from the box:

transducers instruments engine speed
start and take-off ~ tachometer indicator
1. are devices used to convert the desired parameter,

e.g. pressure, temperature, displacement etc. into electrical energy.

2. The location of engine is normally between the two
pilot’s panels.

3. is a primary engine indication used on both piston
and gas turbine engines.

4. Engine speed is monitored by the crew at all times; particularly
during

5. The indicating system is a small three-phase AC
generator.

6. The output from the generator is supplled to a three-phase AC
synchronous motor in the

4. Draw and label a simple diagram of an engine tachometer.
Describe its functions and operation to your partner in class.
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UNIT 8. Engine temperature

1. Make your judgements about the following statements:
- Engine temperature is measured only inside the combustion chamber.

- Ambient air composition and temperature are of no effect on the
engine performance.

- You can get more accurate readings if you install a few thermocouples
to pick up and interpret the temperature parameters.

2. Read the text to learn true information about the engine
temperature and the ways it is monitored.

Exhaust gas temperature is a primary gas turbine engine indication.
Engine temperature is closely monitored at all times, particularly during
start and take-off, to make sure that engine limits are not exceeded. It is
sometimes referred to as:

- turbine inlet temperature (TIT);

- inter-turbine temperature (ITT);

- turbine outlet temperature (TOT);
- exhaust gas temperature (EGT);

- turbine gas temperature (TGT);

- jet pipe temperature (JPT).

The type of measurement depends on where the probe is located and
according to individual engine manufacturer’s terminology; fig. 10
illustrates some of these locations. The turbine section runs at very high
temperatures, typically 1000 C; the transducer used in this application
is the thermocouple (sometimes referred to as a ‘temperature probe”).
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Combustor/turbine
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Combustors

Fig. 10. Engine temperature measurement

Some installations feature a thermocouple that has two or even three
hot junctions within the same outer tube. This arrangement provides an
average of temperature within the zone to provide an average
temperature at different immersion distances in the engine.

Small gas turbine engines are normally fitted with several
thermocouples to provide an average temperature and some redundancy
in case of failure. Larger engines can be fitted with up to 21
thermocouples; these are connected in parallel to provide an average
reading of the gas temperature in the exhaust zone. The interconnecting
cables between the thermocouple(s) and indicator have to be of the
same material throughout the system otherwise addition junctions will
be formed, thereby generating unwanted voltages.
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Key maintenance point

Thermocouple cables are colour-coded to reduce the likelihood of
different materials being cross-connected, or mixed in the same
installation (note that these codes vary in some countries; always refer
to the maintenance manual):

- nickel-chrome (white)

- nickel-aluminium (green)
- iron (black)

- constantan (yellow)

- copper (red).

3. Answer the following questions to the text:
1. Why is engine temperature closely monitored at all times?

2. How does the termocouple/probe location affect the type of
measurement?

3. Why are small gas turbine engines normally fitted with several
thermocouples?

4. Why do the interconnecting cables between the thermocouple(s) and
indicator have to be of the same material throughout the system?

5. What method is used to o reduce the likelihood of different materials
being cross-connected?

4. Match the terms with their definitions:

Terms

1. Exhaust gas 2. Measurement 3. Thermocouple
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4. Average temperature 5. Immersion 6. Redundancy

7. Junction 8. Voltage 9. Colour-coded

10. Manual

Definitions

a. a point where two or more things are joined
b. a book giving instructions or information

c. the action of putting something in a liquid

d. the inclusion of extra components which are not strictly necessary to
functioning, in case of failure in other components

e. a system of marking things with different colours as a means of
identification

f. waste gases or air expelled from an engine, turbine, or other machine
in the course of its operation

g. usual or standard temperature
h. the size, length, or amount of something, as established by measuring

i. a thermoelectric device for measuring temperature, consisting of two
wires of different metals connected at two points, a voltage being
developed between the two junctions in proportion to the temperature
difference.

j. the action of measuring something
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UNIT 9. Engine pressure ratio

1. Answer the following questions:

- What are the main engine parameters to be monitored in operation?
- Is there a connection between the engine pressure ratio and thrust?
- What is torque?

- Is it measured mechanically or electrically?

2. Read the text to check your answers.
Engine pressure ratio (EPR) and Torque

Engine pressure ratio is a primary gas turbine engine indication
system and is one of two methods used to indicate thrust (the
alternative method is described under engine speed). The principle of
an EPR indication system is to measure the exhaust and inlet pressures
and derive a ratio between them. EPR probes are located at the inlet and
exhaust of the engine, see fig. 11. The inlet pressure probe is a single
device, located in the nacelle; there can be several exhaust probes
connected via a manifold.

Pressures from the inlet and exhaust are sent via small diameter pipes to
the EPR transducer; this comprises pressure sensors (capsules). These
are coupled to a mechanism that determines the displacement of the
capsules as ratio. Outputs from the ratio sensor are sent via a linear
variable differential transformer (LVDT) to the indicator. The EPR
signal from the transducer is transmitted as a voltage to the indicator.
The typical range of EPR indications is between one and two.
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Fig. 11. EPR schematic

Torque. The power delivered by the engine to the propeller shaft can

be derived from the relationship:

Power x torque = speed

Power is derived from measuring both torque and speed; the indication
is normally used for turboprops and helicopter rotors. Indicators are
calibrated in a percentage of maximum torque or shaft horsepower
(SHP). A typical torque indicator used on a twin-engined helicopter is

shown in fig. 12.
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Fig. 12. Typical helicopter torque indicator (twin engine)

Indications are given for the output from both engines and main rotor
(M/R) torque. This is the most effective way of indicating the power
being produced by the engine.

There are several methods used to measure torque. The torque shaft is
formed with toothed or phonic wheels, see fig. 13. As the applied torque
changes the phase difference between the signals obtained from the two
speed sensors increases. The torque applied to the shaft results in a phase
difference between the outputs of the two sensors, see fig. 13.

Permanent
magnet
No.1 coil No.2 coil
Toothed wheels shown e e Magnetic flux
aligned (no load) Em
& _________ 5 Turbine shaft

Fig. 13. Torque transducer principles

Torque can also be measured by embedding strain gauges into the shaft
to measure the deformation (strain) of the shaft; these can either be
metallic foil or semiconductor piezo-resistors.

3. Complete the following sentences by underlining the correct
word/word-collocation.
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1. Engine pressure ratio is a primary gas turbine engine indication
system.

2. The inlet pressure probe is a single device, located in the nacelle.

3. Pressure sensors are coupled to a mechanism that determines the
displacement of the capsules as ratio.

4. The EPR signal from the transducer is transmitted as a voltage to the
indicator.

5. As the applied torque changes the phase difference between the
signals obtained from the two speed sensors increases.

6. Strain gauges can either be metallic foil or semiconductor piezo-
resistors.

4. Fill in the gaps using the words in the box.

basically (x2) call effectively essentially imagine
other picture refer simple simply

1. Function: simplifying the language.

Words / Phrases: in simple terms / put /in words /

2. Function: simplifying the concept.
Words / Phrases: / /

3. Function: focusing on technical terms.
Words / Phrases: what we / what we to as
4. Function: illustrating with images.

Words / Phrases: if you /if you

5. In pairs, practice explaining the technical terms in the text using
the simplified words and phrases in Exercise 4.
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UNIT 10. Electronic indicating systems

1. Answer the following questions:

- How do pilots get information about aircraft systems?
- What is the best way to display this information?

- Which color is the alert one: red or amber?

- What is the difference between alert and advisory signals?

2. Read the text to check your answers.
EICAS and ECAM

There are two formats of electronic indicating systems in widespread
use on larger passenger aircraft: EICAS and ECAM. The Engine
Indication and Crew Alerting System (EICAS) is a Boeing-developed
system that provides all engine instrumentation and crew annunciations
in an integrated format. The system used on Airbus aircraft is the
Electronic Centralized Aircraft Monitoring (ECAM) system. The two
systems operate on different philosophies; however, their basic
functions are to monitor aircraft systems and display relevant
information to the pilots. Both systems produce warnings, cautions and
advisory messages that need to be evaluated by the crew. In certain
cases, the system provides the procedures required to address the
problem. Each colour display unit uses either an active matrix liquid
crystal display (AMLCD) or a cathode ray tube (CRT).

EICAS is arranged with two displays in the centre instrument panel
(upper and lower), see fig. 15. ECAM uses either a left and right
display, see fig. 14, or an upper and lower arrangement. The
information displayed by EICAS/ECAM includes engine thrust, engine
r.p.m., fuel flow, oil temperature and pressure. Graphical depiction of
aircraft systems can also be displayed; this includes electrical,
hydraulic, de-icing, environmental and control surface positions.
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Fig. 14. ECAM

Fig. 15. EICAS
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ECAM

ECAM is a flight-phase-related architecture; displays are automatically
selected for:

- pre-flight
- take-off

- climb

- cruise

- descent

- approach.

To illustrate ECAM features, during the pre-flight phase, checklists are
displayed on the left-hand screen; this includes information such as
brake temperatures, APU status and advisory messages. During the pre-
flight checks, the right-hand display provides a graphic representation
of the aircraft, e.g. if doors are open or closed. The system
automatically changes to the relevant pages needed for the next flight
phase. System warnings are prioritized, ranging from level one to level
three; the warning hierarchy is similar to EICAS. Both EICAS and
ECAM reduce flight deck clutter by integrating the many electro-
mechanical instruments that previously monitored engine and aircraft
systems. Reliability is increased, and the pilot work load is reduced.

EICAS

System features include:

- primary engine parameters displayed on a full- time basis

- secondary engine parameters displayed as required

- automatic monitoring of systems

- fault codes, fault history, self test (lower display)

- two computers (includes interfaces, symbol generator, memory)

- select panel, control switches, annunciation, standby display.
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This integrated system improves reliability through elimination of
traditional engine gauges and simplifies the flight deck through fewer
stand-alone indicators. EICAS also reduces crew workload by
employing a graphical presentation that can be rapidly assimilated. A
typical EICAS comprises two large high-resolution colour displays
together with associated control panels, two or three EICAS data
concentrator units and a lamp driver unit. The primary EICAS display
presents primary engine indication instruments and relevant crew alerts.
It has a fixed format providing engine data including:

- engine thrust (EPR)
- engine rotational speed (N1)
- exhaust gas temperature (EGT).

If N1 or EGT limits are exceeded, their respective pointers and digital
readouts change from white to yellow, and eventually to red.
Exceedance information is stored in non-volatile memory (NVM) for
access by maintenance engineers when troubleshooting the systems.

Messages are displayed as part of the Caution Alerting System (CAS);
these are colour-coded to indicate their importance. Typical messages
include low-pressure in the fuel or hydraulic oil systems, doors not
closed etc. System warnings are automatically colour-coded and
prioritized; they are accompanied by an audible warning depending on
the message priority:

- warning messages are red, accompanied by an audio alert (prompt
action is required by the crew)

- caution messages are yellow accompanied by an audio alert (timely
action is required by the crew)

- advisory messages are yellow, no audio alert (time available attention
is required by the crew).

The secondary EICAS display indicates a wide variety of options to the
crew and serves as a backup to the primary display. Pages are selectable
using the EICAS control panel and includes many types of system
information, for example:
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- hydraulic systems pressure
- flying controls position

- cargo bay temperature

- brake temperatures

- tyre pressures.

3. Match parameters from the box with ECAM or EICAS. Scan the
text above for information. Sometimes these parameters will fit
both systems.

two displays in the centre instrument panel
either a left and right display
engine thrust, engine r.p.m., fuel flow, oil temperature and pressure
pre-flight/take-off/climb
APU status
fault codes, fault history, self test
hydraulic systems pressure

doors not closed

ECAM (Airbus): ...

EICAS (Boeing): ...

4. Say if these statements are true or false:
1. There are five formats of electronic indicating systems on bif aircraft.

2. These systems operate on different philosophies.
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3. Systems produce warnings, cautions and advisory messages.
4. Messages of the systems are d to be evaluated by the crew.

5. In ECAM during the pre-flight phase, checklists are displayed on the
left-hand screen; this includes information such as brake temperatures,
APU status and advisory messages.

6. In ECAM the right-hand display provides flashing warning light to
signal if doors are open or closed.

7. In EICAS system warnings are automatically colour-coded and
prioritized.

5. Translate this supplementary text into your language.

Messages are displayed as part of the Caution Alerting System (CAS);
these are colour-coded to indicate their importance. Typical messages
include low-pressure in the fuel or hydraulic oil systems, doors not
closed etc. System warnings are automatically colour-coded and
prioritized; they are accompanied by an audible warning depending on
the message priority.

The information on the aircraft system data buses is routed to both
EICAS displays and both multifunction displays. A data concentrator
unit (DCU) receives data in various formats from a variety of sensors,
including the high- and low-speed ARINC 429 bus, from analogue and
discrete inputs from the engines and other aircraft systems. In the event
of a display system failure, the other system displays essential
information in a compacted format. Primary engine indications are as
before, secondary indications are digital readings only. In the event that
both systems fail, a standby LED display is used for EPR, N1 and EGT.

42



TEXTS FOR SUPPLEMENTARY READING

Engine and Fuel Systems

Text1
Oil/fuel temperature

There is a need for accurate measurement of fluid temperatures on and
around the engine, e.g. fuel, engine lubrication (lube) oil and hydraulic
oil. The typical temperature range of these fluids is between 40 and
150°C. When lube oil operates at high temperatures, its viscosity
reduces and its lubrication performance decreases. This leads to engine
wear and eventual failure of bearings or other engine components.
When lube oil operates at low temperatures, its viscosity increases,
which has an effect on starting. When fuel is exposed to high
temperatures, it can vaporize, causing fuel delivery problems and a
potential risk of explosion; at low temperatures, ice formation can occur
leading to blocked filters.

The flight compartment indicator is a moving coil meter connected in
series with the resistance winding of a resistance temperature device
(RTD). As the temperature changes, the resistance changes and this
causes the pointer to respond accordingly. The meter is acting as an
ammeter, but since there is a linear relationship between temperature
and resistance, and since we know (from Ohm’s law) that the current in
a circuit will vary in accordance with resistance, the moving coil meter
can be calibrated as a temperature indicator.

This is all very well provided that the power supply voltage does not
change. To illustrate this problem, assume a given temperature and
hence a specific resistance of the RTD. The effect of a varying power
supply voltage will be to vary the current through the RTD and meter;
this would change the reading even though temperature has not
changed; an undesirable situation. The method employed to overcome
this is a circuit called the Wheatstone bridge. This circuit has a
number of applications and is ideally suited for the RTD.
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Text 2
Vibration

Unbalanced shafts on a gas turbine engine can cause damage,
particularly at high rotational speeds. These conditions can be
anticipated by measuring the engine’s vibration. Sensors used to detect
vibration are based on piezoelectric crystals; a small electrical charge
is created when the crystal is vibrated. Each engine has a sensor(s)
located at strategic locations; the output is fed into a processor and
displayed on an indicator.

The output from the processor can also be used to illuminate a warning
light when pre-determined limits are exceeded. A test switch
(incorporated into the light) is used to energize a relay (or equivalent
electronic switch); this inserts a known frequency into the processing
circuit to generate a warning. The vibration warning circuit also
activates the master caution system.

Fluid pressure

Typical fluid pressures being measured on the engine include
lubrication oil and fuel. There are two basic methods used to measure
fluid pressure: the Bourdon tube or a capsule. The Bourdon tube
comprises a tube formed into a curved or spiral shape. As the applied
pressure from the fluid system increases, the tube will tend to straighten
out, while a reduced pressure will cause the tube to return to its original
shape. This movement is transferred via the gear mechanism to move a
pointer. The pointer moves across a scale, thereby providing a direct
reading of pressure. The other method used for measuring fluid
pressure is with a capsule. As pressure is applied by the fluid, the
capsule expands. This moves an iron bobbin within the envelope of two
inductor coils.
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Text 3
Propeller synchronization

This is a mechanism that automatically synchronizes all propellers of a
multiengine aircraft to ensure that they rotate at the same speed. The
main reason for synchronizing the propeller speed is for the comfort of
crew and passengers; propellers that are turning at slightly different
speeds create a ‘beat’ through heterodyning. This is the creation of
new frequencies through mixing two different frequencies; one at the
difference of the two mixed frequencies, and the other at their sum.
Heterodyning creates beats that can become very tiresome to persons
inside the aircraft over long periods of time. Some aircraft are installed
with a visual indicator of propeller synchronization.

Pilots can use this indicator to decide whether or not to engage
automatic synchronization, or to assist with manually synchronization
of propeller speeds by adjusting the throttles.

Fuel management

The management of fuel is essential for the safe and economic
operation of aircraft. The scope of fuel management depends on the
size and type of air- craft; fuel is delivered to the engines using a
variety of methods. The system comprises fuel quantity indication,
distribution, refuelling, defuelling and fuel jettison. On a typical
passenger aircraft, the fuel is contained within the sealed wing box
structure. The fuel tanks are divided into main tanks, reserve tanks and
centre wing tanks. Fuel tanks on general aviation (GA) aircraft are
rubberized bags (bladder tanks) contained within the structure of the
aircraft; smaller GA aircraft use metal fuel tanks attached to the wings
and/or fuselage.

In the first instance, we need to measure the quantity of fuel on board
the aircraft. Various technologies and methods are used to measure fuel
quantity: this depends mainly on the type and size of aircraft.
Technologies range from sight gauges through to electronic sensors. On
larger aircraft, fuel is fed to the engines by electrically driven pumps.
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On smaller aircraft, an engine-driven pump is used with electrical
pumps used as back-up devices. Solenoid or motorized valves are used
to isolate the fuel supply to engines under abnormal conditions. On
larger aircraft, the fuel can be transferred between tanks; this is
controlled manually by the crew, automatically by a fuel control
computer. This chapter provides an overview of fuel management on a
range of aircraft types.

Text4
Storage overview

Rigid tanks are usually found in smaller general aviation aircraft. They
are installed within the fuselage and/or wings, and are designed to be
removable for inspection, replacement, or repair. They do not form an
integral part of the aircraft structure.

Bladder tanks are reinforced rubberized bags installed within specific
areas of aircraft structure. The bladder can be inserted/removed via the
fuel filler inlet or a dedicated access panel; the bladder is then secured
to the airframe by clips inside the compartment.

Integral fuel tanks are located within the structure on larger aircraft;
these are sealed to accommodate fuel storage. These tanks form part of
the aircraft structure; they cannot be removed for service or inspection.
Access panels are installed to allow internal inspection, repair, and
servicing. On large passenger aircraft, there are four main tanks, two in
each wing. The area between the forward and aft spars is divided into
tank sections by solid ribs. The wing skin (upper and lower surfaces)
completes the tank. Wing ribs act as baffles to prevent the fuel from
‘sloshing’ around the tank. The inter-spar area of the wing centre
section is also used to store fuel. This centre wing tank is similar in
construction to the main tanks.
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Text5
Fuel quantity measurement and indication

Various technologies and methods are used to measure and display fuel
quantity: this depends mainly on the type and size of aircraft. The fuel
quantity methods described here could equally apply to other fluids,
e.g. oil, hydraulic fluid or water. Some of the methods used are not
actually part of an electrical system; however, they are described here
to provide a complete review of the methods employed across a range
of aircraft types. The methods used for measuring fuel quantity can be
summarized as:

- sight glass

- float gauge

- resistance gauge

- under-wing measurement

- capacitance units.

Sight glass

The sight glass method is based on a simple glass or plastic tube
located on the outside of the tank, and visible to the pilot. Fluid level in
the tube is the same as the level in the tank; graduations on the tube
provide an indication of tank contents. The advantage of this method is
that it has no moving parts and is suitable for fuel or oil. This method is
suitable for small aircraft where the pilot can see the sight glass;
alternatively, it is suited for ground serving applications.

Float gauge

The float gauge uses a rod projecting through a hole in the tank cap. A
float is attached to the base of the rod and this rises and falls with the
fuel level. The pilot checks the amount of rod protruding through the
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cap and this provides a direct reading of fuel quantity. One
disadvantage of this method is that it is not very stable during aircraft
manoeuvres.

The majority of small general aviation (GA) aircraft use a float gauge
system similar to that used in motor vehicles; this is based on a float
connected to a variable resistor adjacent to the tank. The variable
resistor is connected into a DC ratiometer circuit where two opposing
magnetic fields are created in each of the coils. The pointer is formed
with a permanent magnet and is aligned with the resulting magnetic
field created by the coils; the pointer moves in accordance with the
ratio of currents in the coil.

Text 6
Under-wing measurement

Under-wing measurement of fuel quantity is used during ground
servicing only. The drip stick method uses a hollow tube pushed into
the tank. During flight, the tube is stowed into a latched position, which
is flush with the aircraft wing or fuselage surface. To take a reading, the
tube is released from its stowed position and slowly withdrawn from
the tank; when fuel starts to drip from the tank, a reading is taken from
graduations on the tube.

A safer alternative to the drip stick method utilizes a transparent plastic
rod. This method uses the principle of light refraction, and is based on
fuel and air having different refractive indexes. When the tip of the rod
is moved above/below the surface of the fuel, the light intensity
emerging from the viewing end of the rod changes. A reading is then
taken from graduations on the rod.

Another version of the under-wing fuel gauge uses a floatstick that
comprises a rod, float and magnets located inside the tank. The
floatstick is stowed when not in use and released via a quarter-turn cam
mechanism; it slides out of the tank until the two magnets align and is
then retained in this position. The floatstick is moved in and out of the
tank until the attraction of the magnets can be sensed. The fuel quantity
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reading is then taken from a reference point on the surface of the wing.
When the reading has been taken, the rod is pushed back and locked
into the stowed position.

Floatsticks can be used when the electronic fuel quantity system (see
capacitive fuel quantity system) is unserviceable. All floatsticks are
read for each tank and the measurements recorded, the quantity is then
calculated from tables in the aircraft documentation. A typical medium-
sized aircraft has six floatsticks in each wing tank and four in the centre
tank.

Text7
Density compensation

The volume of fuel in a tank varies with temperature; as the
temperature changes, the mass of fuel remains the same, but the volume
changes. The dielectric is therefore affected by fuel density; this
density will change with temperature. Increased density is a result of
reduced temperature that will cause increased capacitance. Changes in
fuel density are measured by a compensation unit. This is an
additional tank unit located in the bottom of the fuel tank, therefore it is
always immersed in fuel. The compensating unit is connected into the
impedance bridge such that changes in fuel density cause the bridge to
become unbalanced and this compensates for the change in fuel level.

Multiple tanks

Multiple tank units are often employed in larger aircraft. On a typical
medium- sized passenger aircraft there are twelve capacitive tank units
in each main fuel tank, and nine in the centre fuel tank. The
construction of all the tank units is the same, except for their length;
this depends on the depth of the tank at that particular location. Each
tank unit consists of two concentric aluminium tubes and a terminal
block. The aluminium tubes are anodized and polyurethane coated to
protect against corrosion. The air gap between the tubes is relatively
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wide to avoid electrical short-circuiting, caused by contami- nation in
the fuel or fungus coating on the tubes.

A tank unit wiring harness attaches to the terminal block of the tank
unit. The terminals on the tank wiring harness and the terminal posts
have different dimensions to prevent cross-connection during
installation. Tank unit end caps are insulated to ensure that the unit does
not short to the ground; they also control stray capacitance that forms
between the tank unit and ground plane (capacitance fringing). Two
brackets made of nonferrous glass-filled nylon attach each tank unit to
the fuel tank structure.

Text 8

Intrinsic safety is a technique used for safe operation of electrical and
electronic equipment in explosive atmospheres. It is essential that the
available electrical and thermal energy in the fuel quantity system is
always low enough that ignition of the hazardous atmosphere cannot
occur.

GA aircraft are normally fitted with an engine-driven pump (EDP),
with electrical boost pumps fitted to prime the system during starting.
The electrical boost pumps also provide fuel pressure should the EDP
fail. A simple fuel pump system comprises an electrically driven boost
pump motor controlled by an on/off switch.

This system is enhanced by a two-stage throttle control system. When
the boost pump selector switch is set at the ‘low’ setting, electrical
power is switched through the resistor and the motor runs at a low
speed. With the engine running, the selector is moved to the ‘high’
setting; this provides power through the normally closed (NC) contacts
of the throttle micro-switch. When the throttle is set below one-third
open, the resistor remains in series, and the motor continues to run at
the low speed. When the throttle is advanced, the throttle micro switch
changes over via the normally open (NO) contacts to bypass the resistor
and apply full power to motor.
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Text 9
Fuel distribution

The typical fuel feed arrangement on a medium- to large-sized
passenger aircraft comprises two booster pumps for each main tank; the
motor is located on the tank bulkhead, with the pump located inside the
tank. The fuel distribution system requires electrical power and is
controlled by a panel in the flight compartment. Fuel shut-off valves are
connected to the battery bus, and controlled by the engine start lever
and fire handle. The fuel system normally has the means of transfer-
ring fuel between tanks (see fuel transfer); this is controlled by a
selector switch that operates a cross- feed valve. Each boost pump is
driven by a 115V AC three-phase motor selected on/off on the control
panel via a relay.

The delivery output from each pump feeds into the system via a non-
return valve (NRV). Under normal operating conditions, each pump
feeds own engine via a motor driven low-pressure (LP) cock. If a
centre tank is fitted as part of a three-tank instalation, this can feed
either engine by a fuel transfer system. On some aircraft, tank pumps
are located in a dry area of the wing root; on other aircraft the pumps
are actually inside the fuel tank. In the latter case, the crew have to
maintain certain minimum fuel levels. Control switches for all pumps,
cocks and valves together with warning indications are located on the
overhead panel or the flight engineer’s station. LP cocks are
automatically closed if the fire handle is activated.

This system is used to selectively transfer fuel between tanks;
electrically driven fuel pumps and motorized valves are controlled
either manually by the crew or by an automatic control system. Fuel
can be cross-fed between the left and right tanks. On larger aircraft,
the complexity of this fuel transfer system increases. The system
comprises a number of motorized valves. Engine valves are
activated by the start lever or fire handles. The left, centre and right
refuel/defuel valves are operated from an under-wing panel. Bypass
valves (BPV) are operated if an elec- trical pump’s fuel filter is
blocked. (The BPV senses differential pressure across the filter.)
Controls and indications are located on an overhead panel or flight
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engineer’s station. An electrically operated cross-feed valve
normally closed unless fuel is being transferred.

Text 10
Fuel temperature and refuelling and defuelling

It is essential that fuel temperature is monitored, either manually or
automatically. The maximum fuel temperature is typically 49°C; the
minimum fuel temperature is —45°C or freezing point 3°C, whichever is
higher; the typical freezing point of Jet Al fuel is 47°C. Fuel
temperature is measured by an RTD. If the fuel temperature is
approaching the lower limits, some fuel could be transferred between
tanks; alternatively the aircraft would have to descend into warmer air
or accelerate to increase the kinetic heating.

Refuelling and defuelling

A refuelling control panel and pressure connections are normally
located in one or both of the wing areas allowing the fuel to be supplied
directly into the main fuel system. A bonding lead is always connected
between the fuel bowser and aircraft to minimize the risk of static
discharge. The fuel tank supply line is connected to the aircraft and
pressure applied. Selective control of the system’s motorized valves
allow specific tanks to be filled as required. Defuelling is often
required before maintenance, or if the aircraft is to be weighed. The
fuel is transferred from the aircraft into a suitable container, typically a
fuel bowser. This is achieved via a defuelling valve and applying
suction through valves.

Text11
Fuel jettison and fuel tank venting

When an aircraft takes off fully loaded with passen- gers and fuel, and
then needs to make an emergency landing, it will almost certainly be
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over its maximum landing weight. Fuel has to be disposed of to reduce
the aircraft weight to prepare for the emergency land- ing. A large
aircraft such as the Boeing 747 can be carrying over 100 tonnes of fuel;
this is almost 50% of the aircraft’s gross weight. One way of burning
off fuel and reducing aircraft weight is to fly in a high drag
configuration, e.g. 250 knots with the gear down (speed-brakes will
further increase the drag). Aircraft can be certified for landings up to
the maximum takeoff weight (MTOW) in an emergency; however,
overweight landings would only be made if burning off fuel exposed
the aircraft to additional hazards. Some aircraft are installed with a fuel
jettison, or fuel dumping system. This provides a means of pumping
fuel overboard to rapidly decrease the aircraft’s weight. Fuel can
normally be jettisoned with landing gear and/or flaps extended. Two
jettison pumps are installed in each main tank, fuel is pumped via a
jettison manifold to nozzle valves located at each wing tip trailing edge.

Fuel tank venting

The venting system takes ram air from intakes on the underside of the
wing for two specific purposes. When the aircraft is flying, ram air is
used to pressurize the fuel to prevent vaporization at lower atmospheric
pressures. The ram air also pressurizes the fuel tanks to ensure positive
pressure on the inlet ports of each pump. The expansion space above
the fuel, called ullage, changes with aircraft attitude. Float-operated
vent valves are located at key points in the tank to allow fuel to escape
into the vent system. Venting tanks (sometimes called surge tanks) in
the wing tips collect this overspill from the main tanks; the fuel is then
pumped back into one of the main tanks. Float-operated vent valves
prevent inadvertent transfer of fuel between the tanks.
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GLOSSARY

Cabin atmosphere control systems.

absolute pressure

abCOIOTHOE N1aBJIeHHE (OTHOCHUTENBHO TTOJTHOTO BaKyyMa)

air cycle machine (ACM)

TypOOXOJIOUITBHUK

air-condition unit

0JIOK KOHIUIIMOHUPOBAHUS BO3/1yXa

air-to-air heat exchanger

BO3yX0-BO3AYIIHEII paauaTop (BBP)

altitude

BBICOTA

ambient temperature

Temreparypa 3a00pTHOrO BO3/ayXa
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by centigrade

no mkaine Lenbcus

by Fahrenheit

no mkane PapeHreiTa

bypass valve

MEepPENMyCKHOM KJlaraH

cabin altitude

"BpICOTA B KabuHe"

continuous-flow regulator

JIBIXaTeNIbHBIH  KHCIOPOMHBIA NPHOOP 6e3 oTceukd (OOBIYHO IS
MaccaxxupoB)

depressurization

pasrepMernsanus

diluter-demand regulator

JBIXaTeNbHBIA KUCIOPOIHBIA MPUOOP C 0TCEUKOM (OOBIYHO /ISl YWICHOB
JKHIIaXKa)
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emergency depressurization

aBapHﬁHaH pasrepMeTusanuia

heat exchanger

TEIUIOOOMEHHUK

isolation valve

MIEPEKPBIBHON KJIAIIaH

negative pressure valve

KJIallaH OTPHULATEJILHOTO Iepenanga

outflow valve

BBIITYCKHOM KianaH

overpressure

TIepeHa Iy B

oxygen

KHCJIOPOJT

oxygen generator

XHUMHYCCKHI UCTOYHHK KHCJIOPOJa
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oxygen mask

KHCJIOPOAHAsA MacKa

pressure

JaBJICHHUC

pressure relief valve

NPEI0XPaHUTENbHBIN KIanaH

pressure-reducer valve

PEOYKIMOHHBIA KIanaH

pressurization system

CUCTEMa PEeryJIMPOBaHUs IaBJICHHS B KaOUHE

ram-air temperature rise

TeMreparypa TopMoxkeHus (Ha cy0- 1 CBEPX3BYKeE)

supercharger

KOMIIPeCcCoP HaaayBa (Ha BBICOTHBIX ITOPIITHEBBIX CaMOHCTaX)

vapor cycle system

(hpPeoHOBBIH OXJIaAUTENh (HA MTOPITHEBBIX CAMOJIETaX)
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water separator

BOJOOTACIINTECIIb

Engine — general

accessory drive gearbox

KOPOOKa MPUBOJIOB CAMOJICTHBIX arperaToB

annular-type combustion chamber

KOJIbIIEBasA KaMcEpa CropaHus

axial-flow compressor

0CEBOU KOMITPECCOP

bearing

IMOJIIMITHUK

blade (umu vane)

yoraTka (KOMIIpeccopa Wi TypOWHBI)

bottom dead center

HWXKHSASA MEPTBas TOYKaA
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breaker-distributor

IMPEPLIBATCIIb-PACIIPCACIINTECIIb

can-type combustion chamber

TpyOuaras kamepa CropaHust

centrifugal-flow compressor

HEHTPOOCKHBIH KOMIIPECCOP

combustion chamber

Kamepa CropaHus

compression ring

KOMIIPECCUOHHOC KOJIBIIO

compression stroke

CXXaTuc

compressor

KOMIIpeccop

connecting rod

HIaTyH
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cowling

KamoT

crankshaft

KOJICHUATBIN BaJ

cylinder

100581050301 00)

exhaust collector

BBIITYCKHOM KOJIJIEKTOP

exhaust pipe

BBIXJIOTTHAS TpyOa

exhaust stroke

BBIXJIOII

exhaust valve

BBIHyCKHOfI KJ1araH

fan

BCHTWIATOP
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four-stroke cycle engine

IlCTI)IpeXTaKTHbII‘/'I JABHUI'aTCJIb

gearbox

KOPOOKa MPUBOJIOB (B 00IIEM clTydac)

ignitor plug (wnu spark plug)

CBCYa 3a’KUIraHus

in-line reciprocating engine

MOPIIHEBON OAHOPSAIHBIA TBUTATEIb

inlet duct

BO3IyX03a00PHHK

intake stroke

BCAaCbIBAHUC

intake valve

BHYCKHOﬁ KJ1ariaH

jet pipe (uu jet nozzle)

PCAKTUBHOC COILIIO

61



magneto

Margae€To

oil control ring

MacCJIOyACPpKUBArOIICe KOJIbIIO

oil scraper ring

MaCJIOCBbEMHOC KOJIbIIO

opposed reciprocating engine

OINMIO3UTHBIHN JABHUTI'aTCJIb

piston

MOPILIEHb

power stroke

pabounii xox

pulse-jet engine

MyJIbCUPYIOIINH PEaKTUBHBINA ABUTaTENb

radial reciprocating engine

3Be371000pa3HbIil JBUTATEND
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reciprocating engine

HOpHIHeBOfI JABHUI'aTCJIb

rocket engine

paKCTHLIﬁ JABHUI'aTCIIb

schroud

KOXKYX

shaft

Ball

stage

CTYIEeHb (KOMIPeccopa Wil TyPOUHBI)

surge valves

KJIaItaHbl IIEPEIyCKa BO3ayXa

thrust reverser

PeBepPCUBHOE YCTPOHCTBO

top dead center

BECPXHsAA MCPTBas TOUKa
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turbine

TypOuHa

turbine nozzle vane assembly

COIUIOBOY ammnapar

turbofan engine

TypOOBEHTUIIITOPHBIN JBUTATEIb

turbojet engine

TypOOpeaKTHUBHBIN JBUTATENb

turboprop engine

TypOOBHHTOBOI JBUTaTEh

two-stroke cycle engine

Z[BYXTaKTHHﬁ JABHUTIaTCIIb (B aBUaIll HE HCHOHBSyeTCH)

V-type reciprocating engine

V-00pa3Hblii ABUTATENH

valve-operating mechanism

MCXaHHN3M Ira3opacrnpeacicHusd
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variable-geometry inlet duct

BO3/1yX03a00PHHUK c U3MEHIEMOU reoMeTpuen (00b14HO
CBEPX3BYKOBOIN)

vortex destroyer

cucTeMa CTPyHHOM 3aIlMThl IBUTATENs

Engine fuel and fuel metering systems

accelerating pump

YCKOPHUTENBHBIH HACOC (B MIOPITHEBOM JBUTATEIE)

boost pump

HO):[KaLIHBaI-OH_II/Iﬁ TOILUTMBHBIA HACOC

carburetor

KapOopaTop

fuel

TOILITUBO

fuel control unit

B ITOPILIHEBBIX JIBUraTENSX: YCTPONUCTBO PEryJMPOBAHMS KayecTBa
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fuel nozzle

TOIUTMBHAs (hOPCYHKA

fuel tank

TOIUIMBHBIN Oax

fues scheduling system

crucTeMa yrnpaBieHUs TOILIMBOM

gravity fueling

OTKpbITasA 3alipaBKa

pressure fueling

HCHTPAJIM30BaHHAs 3alipaBKa

transfer pump

HACOC MEPCKavYKU

vapor lock

"mapoBas mpoOka"

venturi

TpyOka BenTypu (B n3MepUTENBHBIX CUCTEMAX )
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Engine starting systems

cranking

MIPOKPYTKA JBUTATEIS

hot start

3abpoc TemIiePaTypbl Ha 3aITyCcKe

hung start

3aBHCAaHUC 060pOTOB Ha 3aITyCKe

ignition

3aKUI'aHUEC

overheat

3abpoc TemrepaTypsl

overspeed

3a0poc 000poTOB

starter

cTaprep
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Lubrication and cooling systems

breather

cucrema cyaupoBaHus

breather centrifuge

HEHTPOOCKHBIN cydep

fuel-oil heat exchanger

TOIUTMBHO-MacJIAHbIN paauatop (TMP)

oil

Macjio

oil cooler

MaciopauaTop

oil pump

MacCJIOHACcoC

oil tank

Maciio0ak
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pressure oil pump

MUTAIOIINN MacJIOHAaCOC

scavenge oil pimp

MacCJIOHACOC OTKA4YKH

Propellers

automatic propeller

BHHT C U3MEHSICMBIM (aBTOMATHYECKH) IIaroM

blade

JIO11acCThb

blade tracking

pPerynnpoBKa OTHOCHUTEIILHOTO MOJIOKCHHUA JIoIacTen

controllable-pitch propeller

BUHT C U3MEHSAEMBIM (BPYYHYIO) IIaroM

effective pitch

IMOCTYIIb BUHTA
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fixed-pitch propeller

BO3HymHI:II>i BHUHT IIOCTOSAHHOTI'O IIara

geometric pitch

miar BUHTa

ground-adjustable propeller

BO3IYUIHBIN BUHT C PEryJIHPyEeMbIM (TOJBKO Ha 3eMJIe) [I1arom

pitch

yCTaHOBO‘IHBIﬁ yToJ1 JIomnacTtu

pitch change mechanism

MEXaHWU3M NU3MCHCHU 1Iara

propeller

BO3ILyH.IHBIﬁ BHUHT

propeller balancing

6aJ'IaHCI/Ip0BKa BHUHTA

pusher propeller

TOJIKAIOIUH BUHT
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reduction gear assembly (i reducer)

PEIaYKTOp

slip

CKOJIBXKCHHC

tractor propeller

TSHYIIUA BUHT
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