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Part I. AIRCRAFT ENGINEERING

Section 1. AIRCRAFT STRUCTURE
UNIT 1
A Short History of Flying

Lead in

1. a) Brainstorm the words which come to your mind when you think of flight.

b) Choose those ones that may be related to the human flight and explain why you have
chosen them.

2. Before you read the text try to answer the following questions. Share your answers.

1) Why can airplanes fly? Is there any difference between flight of birds and
airplanes?

2) What are the main forces acting on the aircraft in flight?

3) What types of the aircraft do you know?

3. Scan the text and try to guess the meaning of underlined words from the content of
the text.
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Reading

1. Read the text and highlight the key ideas of each paragraph.

A Short History of Flying

A. The desire to fly was one of the oldest desires of man. But in old times people knew
little about air and its nature.

B. The Greek philosopher Aristotle believed that air had weight and pressed on bodies
which were in the air. One of the most famous Greek legends is the legend of Daedalus
and Icarus who made wings and fastened them on with wax. Daedalus landed in safety.

Icarus was not so careful as his father and he flew closer and closer to the sun. The
closer he was the hotter it became. The wax melted, his wings came off and he fell into
the sea.

C. Later scientists like Galileo, Roger Bacon and Pascal came to conclusion that air was
gas and that the higher you went the less its pressure was.

D. People who like to read books on aviation development may take interest in the
book “On the Flight of Birds” by Leonardo da Vinci. That human flight is possible is
the fundamental idea of the book. In the book the famous Italian artist and scientist
recorded the first scientific principles of human flight. He found that the faster the flow
of the air the greater the lift was. As a result of these studies he designed a flying device.
In his device the pilot had to operate movable wings with the help of his arms and feet.
But the machine did not fly.

E. In the course of many centuries scientists tried to make a flying device. But the
development of a practical flying device on a really scientific basis began later. The first
flying machine man could control in the air appeared only in the 19-th century.

F. And this first in the history of civilization plane was the one designed by
Alexander Mozhaisky. It went up in the summer of 1832.

G. There are many glorious chapters in the history of flying in our country. There
were the famous flights by the crews of V. Chkalov and M. Gromov, who flew their

planes from the Soviet Union to the United States via the North Pole and will forever
be considered models of courage and skill.
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H. Devoted courage was displayed by our pilots in the Great Patriotic War. More than
2000 Soviet pilots won the title of Hero of the Soviet Union, and 69 won this award
twice. Alexander Pokryshkin and Ivan Kozhedub, the famous fighter aces, became
triple Heroes of the Soviet Union.

I. Following the glorious traditions of the Soviet aviation our pilots are establishing
new world records for altitude, range and speed. In our days air forces are undergoing a

qualitative reequipment. New supersonic jet planes have replaced the piston-engined

aircraft. Air force equipment and armaments are being improved continually. Aviation

has given birth to astronautics, it has provided the theoretical and practical bases for
the conquest of outer space. The time is not far away when passengers aircraft will be
doing regular service on space lines.

Comprehension Check

1. The text has 9 paragraphs. Which paragraph mentions the first controlled flying
machine?

2. Which of the following sentences summarize the main idea of the paragraph D?
a) Human flight is possible due to moving wings.
b) Flight principle was known from the ancient Greeks.
¢) Scientific principle of the human flight was recorded by Leonardo da Vinci.

d) Leonardo da Vinci predicted conquest of outer space.
3. In the text find the definition of the main scientific principle of human flight.

4. Look at the text again and answer the questions.
1. Who believed that air had weight?
2. Who wrote the book “On the Flight of Birds”?
3. What is the fundamental idea of the book “On the Flight of Birds™?
4. What did Leonardo da Vinci record in his book “On the Flight of Birds”?
5. When is the lift of the aircraft greater?
6. When did the first flying machine appear?
7. Who designed the first plane?
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Language Focus
1. Work in pairs. Give the definitions of the following words and expressions.
Famous person, gas, lifting force, airplane, world record, range, passenger, supersonic

plane.

2. a) In the text find the antonyms for the words in the box.

danger lose slower the newest

impossible irregular moveless impractical

b) Make up sentences with the words from the box.

3. Complete the sentences below with suitable words from the text.

1. Later men of science came to conclusion that the higher you went .... air pressure
was.

a) the higher b) the more c) the little d) the less
2. Leonardo da Vinci discovered that ..... the flow of the air ...... the lift was.
a) the faster, the less b) the faster, the greater c) the greater, the less

3. Supersonic jet planes have replaced ...... :

a) helicopters b) piston-engined aircraft ¢) subsonic aircraft
4. Air force equipment and armaments are being ..... continually.
a) considered b) improved ¢) displayed d) controlled

10
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Speaking
1. What are the facts you have learnt from the text? Share ideas with your partner.

2. Work in pairs. Imagine that one of you is a visitor of a museum of aviation and the
other is a museum guide. Make up a dialog. You may need some more information.

Conduct an investigation to find out some interesting facts.

Use the following expressions:
Excuse me, do you know ...

I could hardly imagine that ....
1 didn 't expect that ...

That s a very interesting question ...

11
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UNIT 2
Types of Aircraft

Lead in

1. Look through the pictures carefully. Do you know the names of each flying device?
Name them and describe them. How does each of these move? Try to group them
according to their principle of flying.

12
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2. Match the keywords with their translations.

1. seaplane a. BO3IYUIHBIA BUHT
2. glider b. ampubdus
3. airplane C. PCaKTUBHBIN CHapSI, paKeTa
4. helicopter d. runpocamonér
5. autogiro €. CIJIOBasi yCTaHOBKA
6. missile f. manep
7. alrscrew g. aBTOXKHUP
8. float h. Bepronér
9. amphibian 1. TIOTTABOK
10. power plant j. caMonér
Reading

1. Read the text and check whether your predictions in ex. 2 were correct.

2. Name the vehicles described in the text which were not mentioned at the beginning
of the unit.

3. Read the text again and write out the words and word combinations you don’t know,
try to guess their meaning from the context. Compare your notes with your partners.

13
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Types of Aircraft

A. Modern heavier-than-air aircraft are divided into two main classes according to
the principle of flying: 1) aircraft flying due to aerodynamical action and 2) aircraft

performing ballistic flight.

B. Aircraft of the first class are gliders, airplanes, helicopters, autogiros and winged

missiles. Ballistic rockets belong to the second class.

C. Gliders have no power plant and are supported in the air by up and down airstreams
or airflows encountering the wing. The glider is lighter than the airplane and covers
long distances with little loss of height. Now the gliders serve mostly for sport and

training.

D. Airplanes are controllable machines and have engines which give power for forward
motion. The lifting force of airplanes is created by the wing itself while they are propelled
by the thrust produced by the airscrew or by a jet engine. The arrangement and number

of the wings subdivide the airplanes into the classification as follows:

1) the biplane which is a two wing plane with an upper and lower of wings;

2) the monoplane which is an airplane with wings in one level.

These are divided into four general types according to the wing position:

a) the mid wing monoplane with the wing secured midway between the top and
bottom of the fuselage;

b) the high wing monoplane having the wing attached to the top of the fuselage;

c) the low wing monoplane with the wing attached to the bottom of the fuselage;

d) the parasol wing monoplane having its wing placed a short distance above the

fuselage and attached to it by struts and braces.

14



AHenutickul 53bIK 05151 cmydeHmo8 aspoKOCMUYECKO20 rpouris

E. Many airplanes are equipped to take off water and land on water. Such airplanes are
called flying boats if the boat hull replaces the airplane fuselage or seaplanes if floats
take the place of wheels on a conventional land plane. If flying boats and seaplanes are

also equipped with wheels for landing on the ground they are called amphibians.

F. At present VTOL and STOL aircraft are becoming popular but. For vertical take-off
it is necessary to produce the lift force exceeding the aircraft weight. The source of the
lift is the energy developed by the propulsion system. The following methods of vertical

take-off are suggested now:

a) the direct application of power plant thrust,

b) the application of lifting properties of airfoil.

G. The helicopter largely differs from the airplane. The main thing that distinguishes
a helicopter from an airplane is that the necessary lift force for helicopter is produced
by a rotor instead of wings. The helicopter has a fuselage but there is no conventional
propeller in the nose. Instead it has rotor blades on the top. The engine drives them. The
power of a helicopter engine is transmitted to the rotor which produces the thrust for
vertical take-off, hovering and forward propulsion. The helicopter is able to rise straight
off the ground, fly forward, backward, sideward and descend vertically to the ground.

Yet it has a few disadvantages. One of them is its inability to fly at high speed.

H. The autogiro is flying on the same principles, but the difference is that in addition
to a rotor the autogiro has also a tractor airscrew. The power developed by the autogiro
engine is transmitted to the airscrew while the rotor is freely revolving under the action

of airflow, thus creating the lifting force.

I. Ballistic rockets (missiles) belong to the second class of aircraft. They do not
require any lifting force produced by means of a wing. The rocket engine is to impart
them the necessary energy for propulsion. The rocket engines are mostly operated on

liquid or solid fuels.

15
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Comprehension Check

1. Fill in the diagram with missing information from the text.

Heavier-than-air

aircraft

/ N

Ballistic
Gliders
Winged
STOL Amphibians

2. The text has 9 paragraphs. Which paragraph mentions a) different landing devices;
b) vehicle flying due to up and down air streams; ¢) vehicle able to hover in the air?

3. Read the text again and decide if these statements are true or false. Correct the false
ones.

1. Modern heavier-than-air aircraft are classified into two classes according to their
flying principle.

2. Airplanes fly due to up and down air stream.

3. Gliders are equipped with airscrew and power plant.

4. Airplanes can be fitted with floats to take off and land on water.
5. In helicopters lifting force is produced by the wing itself.

6. The helicopters can take off and land vertically.

7. The autogiros and ballistic rockets fly on the same principles.

8. Ballistic rockets do not produce lifting force by means of a wing.
16
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4. Ask your partner ten questions about types of aircraft.

5. Explain the difference between:
a) airplanes and ballistic rockets
b) helicopters and autogiros
c¢) seaplanes and amphibians

d) helicopters and airplanes

Language Focus

1. Match the synonyms.

A B
advance wing
produce mount
subdivide vehicle

propel progress
airfoil move
attach create
aircraft classify

2. Make up all possible combinations with the verbs.

To divide, to support, to produce, to propel, to attach, to place, to create, to equip, to
differ, to require.

3. Make up 5 sentences with the word combinations from ex. 2.

4. Work in pairs. Give the definitions of the following words and expressions.

Fuselage, glider, biplane, helicopter, amphibian aircraft, ballistic rocket, high wing
monoplane.
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S.

Fill in the gaps with the words and expressions from the box.

the wing position engines the autogiro

the parasol wing flying boat seaplanes
the wing itself a rotor

ballistic rockets up and down airstreams

18

. Gliders are supported in the air by
. The lifting force of the wing is created by when it moves through the air.
. The monoplanes are divided into four types according to

monoplane has its wing placed a short distance above the fuselage.

1
2
3
4
5.In the boat hull replaces the airplane fuselage.
6 are equipped with floats to take off water and land on water.
7. The helicopters produce lifting force by .

8 1s equipped with a tractor airscrew and a rotor.

9. The rocket engine provides energy for propulsion for

10. In airplanes supply power for forward motion.

. Give the English equivalents to the words in the brackets.

1. Modern (nerarenbHble anmaparsl Tshkenee Bo3ayxa) are divided into two classes
according to the principle of flying.

2. The (rumanep) is lighter than the airplane.
3. Many airplanes are equipped (B3neTars) from water and (caguThcsi) on water.

4. At present (JIA ¢ BepTukanbHbIM B3s€ToM-TIocankoi) and (JIA ¢ ykopodeHHBIM
B3JIETOM-TIOCaIKOM) aircraft are becoming popular.

The helicopter has a (prozensik) but there is no (0OObIYHBIN BUHT).

5.

6. Helicopters have a few (nemoctaTkn).

7. Ballistic rockets do not require any lifting force produced (mpu momoiu) a wing.
8.

The powerdeveloped by the autogiro (aBuraresns) is (mepenanars) to the (Bo3ayiHbIH
BUHT).



AHenutickul 53bIK 05151 cmydeHmo8 aspoKOCMUYECKO20 rpouris

Speaking

1. If you were a traveler and had at your disposal any passenger-carrying apparatus, by
which one would you prefer to travel? Provide reasoning.

2. Watch the video from http://www.youtube.com/watch?v=KmX39xcA1SA “To
infinity and beyond” and write down as much information from the video as you can.

3. Prepare a 7-minute presentation on types of aircraft (heavier— or lighter— than -air)
for a seminar.

Writing

1. Translate the text in a written form.

The airplane can rise into the air and remain in the air because of the forces acting
on it. In flight the airplane is acted upon by four forces — lift, drag, thrust and gravity.

When flying, the aircraft produces an upward force which is called lifting force and
acts at right angle to the direction of the air stream. Part of air moves rapidly over the
wing and part of it moves under the wing, and both parts are joined behind the wing. The
air flowing above the top of the wing develops a reduced pressure on the upper surface.
The air flowing along the bottom of the wing is compressed and develops increased
pressure. The higher air pressure under the wing flows to the lower pressure on top,
resulting in lifting force of the entire wing.

To produce lifting force the airplane wing is to move through the air at high speed
developed by a force of thrust acting in the direction of the airplane motion.

Drag is the resistance an airplane faces in moving through the air. The faster the
airplane moves the greater the drag will be.

Gravity is the force of attraction that tends to move bodies towards the Earth.

Lift opposes weight and thrust opposes drag. To overcome the forces of nature
engines producing high thrust and wing developing lift are used. They both assist to
overcome forces of nature — drag and gravity.

In straight-and-level uniform flight lift equals weight and thrust equals drag. Any
inequality between lift and weight results in an airplane climb or descent. Any inequality
between thrust and drag results in acceleration or deceleration until the two forces
become balanced.
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UNIT 3
Airplane Components
Lead in

1. Airplanes have many applications in a variety of fields. Brainstorm as many uses of
the airplane as possible.

2. Look at the picture of an airplane. Name the airplane components you know, share
the terms with your partner.

Reading

1. Read the text and try to guess the meaning of underlined words from the content of
the text.

Airplane Components

A. The airplane consists of six principal structural units, namely, the power plant, the

fuselage, the wing, the tail unit (or empennage), flight controls and the landing gear
(undercarriage).
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B. The power plant is a source of power. It provides power and propels the airplane.

Nowadays there are many types of aircraft engines. These engines have one thing in

common. The energy is derived from a chemical reaction which takes place inside the
engine itself. Nacelles are compartments housing the power plant or engine and its

accessories. The engine is really the heart of the airplane.

C. The fuselage is the main body of the airplane which is divided into some cabins

(compartments). A nose cabin is a pilot’s cabin (cockpit). The cockpit houses the
crew, the flight controls and flight instrument panels. The next section of the fuselage
1s a wing centre-section. Passenger compartments are situated there. The rear part of

the fuselage is designed for cargo rooms and for mounting a tail unit on it.

D. The wing is the main lifting surface of sweptback shape. Its function is to support
the aircraft in flight producing lifting force. There may be different arrangement,
shapes and number of the wings. At the trailing edge of the wing there are movable
parts which are called ailerons, flaps and trimmer tabs (trimmers).

E. The tail unit (empennage) provides the necessary stability and consists of vertical
and horizontal control surfaces. The vertical plane is called a fin. It has a movable
part — a rudder. The horizontal plane is a stabilizer. The movable part at the trailing
edge of the stabilizer is an elevator.

F. Three basic flight control surfaces are the ailerons, the elevators, and the rudder.
They are hinged so to move and thus to deflect the air stream passing over there. The
ailerons are located at the trailing edge and near the tips of the wings. They control
the motion of the plane about the longitudinal axis. The elevators are hinged to the
horizontal stabilizers and control the airplane’s movement up and down about the
lateral axis. The rudder is hinged to the vertical stabilizer (fin), and it controls the

movement of the airplane around the vertical axis.

G. The landing gear (undercarriage) carries the wheels on which the aircraft moves
on the ground. Struts attach it to the fuselage. Two different arrangements of landing
wheels are in use today. They are conventional tricycle gears and the landing gear

with a skid. The landing gear may be retractable and non-retractable.

21



AHenudckul 3bik 0511 cmy0eHmoe8 aspoKOCMUYECKO20 rnpoghusis

Rear-facing Trim tab (on Elevator
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Rotating 'h o '- : ontal stabili |
beacen (red) ] ; orizontal stabilizer (or tailplane )

EMPENNAGE Red position
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Comprehension Check

1. You have read the text. Fill in the picture with missing terms from the text.
2. Complete the table according to the content of the text.

Component Function
to develop the necessary supporting force
Fuselage
to change the attitude and direction of flight
Power plant
Aileron
to control the airplane’s movement up and down about the lateral
axis
Cockpit
to house luggage and cargo
to control the movement of the airplane around the vertical axis
Nacelle
Landing gear
to provide stability of flight
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3. Read the sentences and decide if they are true (T) or false (F). Correct the false
ones.

1. Power plant produces lifting force.

2. The rear part of the fuselage is designed for the cockpit.

3. The landing gear is designed to assist the airplane maneuvering on the ground.
4. Ailerons, flaps and trimmers are located at the trailing edge of the wing.

5. Flight controls produce additional lifting force.

6. Empennage is mounted on the wing centre-section.

4. Answer the following questions:

. What units does the airplane consist of?

. The power plant is a source of power, isn’t it?

. What does the cockpit house?

. Is the function of the wing to support the aircraft in flight?

. Where are movable parts of the wing? Name them.

AN D B W NN

. Does the tail unit consist of a vertical stabilizer and rudder and horizontal stabilizer
and elevators?

~

. What components are responsible for airplane motion? Where are they located?

8. What is the function of the landing gear?

Language Focus

1. Match the words from A and B. Make as many combinations as possible.

A B
Horizontal Edge
Lifting Compartment
Passenger Surface
Sweptback Unit
Trailing Shape
Movable Plant
Structural Part
Power Stabilizer

23



AHenudckul 3bik 0511 cmy0eHmoe8 aspoKOCMUYECKO20 rnpoghusis

2. Find the words in the text that mean:

air flow (F); engine (B); surface (E); to locate (C); to hinge (J); energy (B); usual (J);
to manage (F); form (D); compartment (C); wing (D).

3. Translate the words in brackets:

a) into Russian:

[—

. CunoBas ycranoBka (provides) sHEpruei.

[\

. (Nacelles) — 3T0 OTCekH, BMEIIAIOIIME JBUTATE]Ib M €r0 BCIIOMOTATE/IbHBIE
DIICMEHTHI.

(O8]

. Oro3emspk (contains) kKaOWHY TUIIOTA, TACCAKUPCKUN U OaraKHBIM OTCEKH.

4. Ha 3ayiHelt KpoMKe Kpbula pacrnosaratorcs (ailerons, flaps) u Tpummepsr.

b) into English:
1. (Pynp manpaBnenus) is hinged to the vertical stabilizer.
2. The main landing gear (npukpermsitores) by struts to the fuselage.
3. The wings are the main (moxbEMHBIE TUIOCKOCTH).
4

. There are conventional (Tp&€xomopnoe miaccu) and the landing gear with a
(XBOCTOBOM OIOPOI).

Speaking

1. You know that the history of aircraft designing was very long and designers constructed
amazing flying machines. Prepare a presentation (a talk) about one of them to your
group mates.

2. Watch the video “Airplane assembly” at http:/www.youtube.com/watch?v=
wLk6b3SIzDY and describe the main stages of airplane A340 assembling.

Example: 1. Main components of the airplane are delivered to the assembly plant.
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Writing

1. Translate the text in a written form.

The structure of the airplane is designed under the safe-life philosophy with damage
tolerance features to provide a long and economic service life with high standards of
safety and integrity. This is achieved by minimizing stress concentrations, the use of low
working stress levels, the duplication of primary structural components and crack arrest
detail design.

The materials used for the primary structure are chosen to maximize fatigue
resistance and damage tolerance. Assembly of the structure includes the use of
conventional fasteners and adhesive bonding to eliminate stress concentrations and
reduce weight. Anti-corrosion treatment is applied to the whole structure. This measure
provides the ability to keep the airframe free of corrosion after long service experience
in hostile climatic conditions. All internal and external surfaces are given a coat of
epoxy primer. Additionally the nose and rear equipment bays, undercarriage bay and
lower fuselage are given a coat of polyurethane enamel paint, fast-dried, to provide a
hard damage resistant finish.

The test airframe is submerged in a water tank to allow flight loads and maximum
cabin differential pressure to be applied simultaneously in adverse combination. The
test “flight” takes into account all the loads imposed during a 45 minute sector, including
those loads associated with fuelling, passenger boarding, flap and undercarriage cycling
and atmospheric turbulence.
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UNIT 4
The Wing

Lead in

1. Brainstorm all possible terms related to the topic.

2. Before you read the text name the main functions of the wing, try to describe wing
structure. Share your ideas with your group mates.

Reading

1. Read the text and write a brief heading for each paragraph.

2. Read the text and write out the underlined words. Try to guess their meaning from the
context. Compare your notes with your partners.

The Wing

A. The main lifting surfaces of every airplane are wings. The wings are light structures
which extend out on each side of the body. Their function is to push downward on the
air as the machine moves through it. This push or lift of the wings is the secret of the

support of the airplane in the air.
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B. The wing is divided into three sections: a wing root, an inter-mediate section and a
wing tip. The front edge of the wing is called the leading edge and the rear one is called
the trailing edge. There are some movable parts on the trailing edge of the wing. These

are ailerons, flaps and trimmer tabs.

C. The primary function of the wing is to produce lift (lifting force) for flying. The
secondary function is to house many vital parts of the aircraft, such as fuel tanks, control
mechanism and very often the engines and landing gear bay are arranged in the wing

structure.

D. The distance from the wing tip on one side to the wing tip on the other side is called
the span and the distance from the leading edge of the wing to the trailing edge is the
chord.

E. The shape of the wing is of great importance for an aircraft. There are different
configurations of the wing. There are rectangular and elliptical wings, wings of trapezoidal

form, straight, sweptback and sweptforward wings. There is also a delta wing form.

F. The wing structure consists of longitudinal structural members — spars, stringers

and beams and of transverse elements — ribs. The wing structure is covered with skin
(or covering). According to the position in which the wing of a monoplane is fixed
in relation to the fuselage the aircraft is called a low-wing monoplane, a mid-wing

monoplane and a high-wing monoplane.

G. The aerodynamic loads on the wing produce bending, shear and torsion. A typical

construction of a wing must resist these loads and usually consists of a thin sheet metal

shell of airfoil shape, reinforced within by spanwise stiffeners and transverse ribs. Every

component of an airplane must be so designed that it could carry its intended function.

H. Light weight is very important in an airplane structure because every pound of
structural weight replaces a pound of payload. The wing structure is no exception in
this respect. The stressed skin type of construction was adopted because it can be made
light.
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Comprehension Check

1. Define the main idea of paragraph H. Find the supporting details that help to develop
the main idea.

2. Complete the sentences with the best options.

1. There are some movable partsonthe  of the wing.

a) leading edge b) trailing edge c) centre-section
2.The  structural members of the wibng are spars, stringers and beams.

a) transverse b) covering c¢) longitudinal
3. The the wing produce bending, shear and torsion.

a) weight of b) aerodynamic loads on c) structure of

4. Every pound of wing structural weight replaces a pound of

a) payload b) power c) lifting force

5. The distance between wing tips is called the

a) chord b) beam Cc) span

3. Match the terms with their definitions.

1. In this type of construction the skin a. span
of the aircraft carries structural loads.

2. This component of the airplane b. skin
produces lifting force for flying.

3. They are the longitudinal members c. stressed skin
of the wing structure.

4. The distance between the d. chord
wing tips.

5. It covers the wing structure. e. wing

6. It is a transverse element of f. spar, stringer and beam
the wing structure.

7. Distance from the leading to g. 1ib
the trailing edge of the wing.
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4. Read the text again and decide if these statements are true or false.

1. There are two main functions of the wing — to produce lift and to house many vital
parts of the aircraft.

2. Movable parts of the wing are located on the leading edge.

3. Span — it is a distance between the wing tips.

4. Light weight is of no importance in an airplane structure.

5. Ribs are longitudinal members of the wing structure.

6. Spars, stringers and beams are spanwise stiffeners of the wing structure.

7. Skin is the covering of the wing structure and it can carry structural loads.

5. These are the answers. What are the questions?
1. — the wings.
2. —a wing root, an intermediate section and the wing tip.
3. — on the trailing edge.
4. — chord.

5. —longitudinal and transverse elements.

Language Focus

1. Match the synonyms.

A B

wing rear edge

front edge bay

shape engine
covering airfoil

section form
trailing edge skin
power plant leading edge
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2. Match the antonyms.

A B

leading secondary
take off fixed
primary weaken

root trailing
different landing
reinforce tip
transverse similar

movable longitudinal

3. Give the English equivalents to the words in the brackets.

1. Rib is a ( monepeunsrii) element of an airplane structure.

2. The main longitudinal structural members of the wing structure are — (TJOHXEpOHHI,
CTPUHTEPHI U OAJTIKH).

3. A typical construction of the wing must resist (u3ruly, CIBUTY U KPYUYEHHUIO).

4. (TomnmuBHble 0akm), control mechanisms and very often (gBurarenu) and landing
gear (oTcekn) are arranged in the wing structure.

4. Translate into English the following words and word combinations.

PaGoraromiass oOmMBKa, TOHAONA IIACCH, HU3KOIUIAH, CPEIHEIUIaH, BBICOKOILIAH,
U3rudaroas Harpy3Kka, KOpHeBas 4acThb KpblLia, 3aKpbUIOK, OTCEK IIACCH, MEXaHU3M
yHIpaBJeHHUs], IPOAOIbHBIN IEMEHT KECTKOCTH, opMa Kpbliia, HAPSKEHHUE.

5. Use the prepositions in the box to complete the sentences.

from with nto n of on to
1. The wing is divided three sections
2. There are some movable parts  the trailing edge of the wing.
3. Fuel tanks, control mechanisms and very often engines and landing gear bays are
arranged _ the wing structure.
4. The distance  the leading edge of the wing  the trailing edge is the chord.
5. The wing structure is covered  skin.
6. The wing structure consists  longitudinal and transverse elements.
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Speaking

1. Look at the picture and predict what kind of aircraft it is. Explain why you think so.
Discuss its advantages and disadvantages.

2. Watch the video “Flying wing returns to flight” at http://www.youtube.com/

watch?v=B0gqSHv and describe this aircraft. Pay attention to flight controls, fuselage,

engines etc.

3. Analyze conventional wing and flying wing. Compare them. Highlight their similarities

and differences. Make a report to your group mates. The following expressions might
be helpful:

e The object of this report is ...
e First of all I would like to ....
e [t should be stressed ...
¢ [n comparison with ....

e Summimg up, [ would like to ...
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Writing

1. Translate the text in a written form.

32

The wing consists of front, main and rear spars together with transverse ribs and
incorporates an integral fuel tank. The wing skin is chemically-etched and reinforced

with bonded span wise stringers.

Double-slotted flaps extend from the fuselage side to approximately two thirds of
the semi-span. They are designed to move in an arc actuated by the forward section

of a double-acting jack. The flaps are hydraulically operated.

Ailerons, which extend from the end of the flap to the wing tip, are both mass
and aerodynamically balanced. They provide good positive response and ensure

excellent handling characteristics throughout the flight.

Wingtip devices improve aircraft handling characteristics and enhance safety.

They increase the effective aspect ratio of a wing, with less added wingspan.
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UNIT 5

The Tail Group

Lead in

1. Look at these pictures. These are the types of tail group. Try to predict what types of
aircraft they belong to. Share your ideas with your partners.

~—Fin (vertical stabilizer)

Rudder —\

Elevat _— tlorizontal stabilizer
evator —

Standard tail

Right fin

Dorsal fin
Elevator

Horizontal
stabilizer

F

f
= Left fin

\

Twin tail
Ventra!l fins
Fin \ —
Rudder
T -tail V-butterfly -tazl

2. Before you read the text answer the following questions:
1. What are the movable parts of the tail unit intended for?

2. Is there any difference between the tail groups of civil and military aircraft?
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Reading

1. Read the text and match the English words with their Russian counterparts.

1. elevator a. pyJib HamlpaBJICHUS
2. fin b. momaae kKoMIeHcaropa
3. rudder C. py/Ib BBICOTBI
4. tail plane d. popxuin
5. attitude €. KUb
6. dorsal fin f. mpocTpaHCTBEHHOE MOJIOKEHUE
7. precaution g. cTabuiIn3aTop
8. balance area h. mpeaocTopoKHOCTD
The Tail Group

A. In order to provide the necessary stability airplanes are fitted with a tail unit (a tail
group, empennage) which usually consists of the horizontal tail surfaces — stabilizer and
elevator and the vertical surfaces — fin and rudder. The stabilizer and the fin are fixed
portions, the elevator and the rudder movable.

B. A movable control surface called an elevator is hinged to the rear of the tail plane. It
1s intended to control the altitude of the aircraft in flight. It can be deflected upwards or
downwards. Moving up the elevator reduces its angle of attack and creates a down load
on the tail which raises the nose of the aircraft.

C. In order to secure directional stability the fin is used which is the vertical fixed
control surface at the rear of the fuselage. The action of the vertical surface is quite clear.
Since it has a great lever arm from the airplane’s centre of gravity the vertical surface is
able to stabilize the directional motion of the plane. Directional control of the airplane
1s achieved by means of the rudder, which is a movable vertical surface hinged to the
rear of the fin. It can be moved to right or left or retained in the neutral position in line
with the fin.
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D. When the pilot needs to change his flight direction towards the right (or starboard)
he moves the rudder to the right. The reaction of the stream on the surface produces a
couple about the centre of gravity and the nose of the aircraft is turned to starboard. If it
is necessary for the pilot to control the attitude of the aircraft and cause the nose to rise
or fall this i1s done by means of the elevator.

E. In addition to the principal control surfaces there are some auxiliary ones such as
trimming tabs (trimmers) which represent small adjustable areas arranged near the
trailing edges of the movable surfaces. They are used to produce constant control de-
flections to hold the airplane in a certain attitude of flight. They are adjustable from the
cockpit.

F. There is also a dorsal fin placed along the upper side of the aft portion of the fuselage
body.

G. On large fast airplanes it is usually necessary to provide the movable surfaces with
some area called balance area. It reduces the hinge moment needed to deflect the surface.
This is often required because the hinge moment increases with size and speed. This
dynamic balancing is one of the precautions taken to avoid flutter, a violent vibration of
a wing or control surface.

H. The structure of the tail plane as well as that of a wing consists of longitudinal and
transverse structural elements called spars and ribs.

Comprehension Check

1. Match the given titles with the corresponding paragraphs. Watch out! There is an
extra title.

. balance area

. tail unit arrangement
. tail unit function

. tail plane structure

. elevator

. dorsal fin

. rudder

. fin

. trimmers

O 0 1 O Li A W N —

35



AHenudckul 3bik 0511 cmy0eHmoe8 aspoKOCMUYECKO20 rnpoghusis

2. Which of the following sentences summarize the main idea of the paragraph £ most
accurately?

1. Trimmers are arranged near the trailing edges of the movable surfaces and adjustable
from the cockpit.

2. Trimming tabs are necessary to produce constant control deflections to keep the
airplane in a given attitude of flight.

3. Auxiliary surfaces are adjustable from the cockpit and produce additional lifting force.

3. Guess what it is:
1) This component of the aircraft provides the necessary stability.
2) The structure of the tail plane consists of these members.
3) It is used in the tail group to avoid flutter and violent vibration.
4) They are arranged near the trailing edges of the movable surfaces.
5) When the pilot needs to change the flight direction he moves it to the right or left.
6) It is a vertical fixed surface of the tail unit.
7) It is used to produce constant control deflections.
8) This part of the tail group is to stabilize the directional motion of the airplane.
9) It is a horizontal movable plane. It can be deflected upwards and downwards.

10) This part of the tail group is placed along the upper side of the aft portion of the
fuselage body.

11) These portions are used when the pilot is to cause the nose to rise or to fall.

12) This is used to reduce the hinge moment which is increases with size and speed.

4. In the text find the definition of flutter.

rudder hinged dorsal fin
altitude auxiliary stability
rear trailing edges

1. Tail unit provides the necessary  of an airplane.

2.Anelevatoris ~ tothe  ofthe tail plane.

3. Elevators control the ~~ of the aircraft in flight.

4. can be deflected to the right or to the left.

5. Trimmers are  surfaces arranged nearthe ~ of the movable surfaces.

6. To avoid flutter 1s used.
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5. Work in pairs. Make up 5 ”False” and 5 “True” statements and tell them your partner.
“False” statements should be corrected.

6. Ask your group mates ten questions concerning the tail unit.

Language Focus

1. a) Check if you know the meaning of the following verbs.
To provide, to consist, to intend, to arrange, to hold, to control, to deflect, to reduce,

to secure, to fit.
b) Find these words in the text and write out the words collocate with.
¢) Think of other nouns they can go with.

d) Give synonyms of the verbs from a).

2. In the text find the antonyms of the following words and make up your own word

combinations with them.

Fixed, to increase, main, to promote, irregular, weak.

3. Translate from English into Russian.

OcHamarb XBOCTOBBIM OIEPEHUEM, OTKJIOHSTh BBEPX WM BHH3, JIOCTUTAETCs
MOCPEACTBOM PYJis BBICOTHI, BCIIOMOTaTeIbHas IIOCKOCTh, IMIAPHUPHBIA MOMEHT,
u3berath (arTepa, npasbiii 0opT JIA, MmojgoxkeHue camosiéra B BO3IyXe.

4. Use the prepositions in the box to complete the sentences.

along of at from in of with

1. Trimmers are used to produce constant control deflections to hold the airplane
a certain attitude flight.

2. The dorsal finis placed ~ the upper side  the fuselage body.

3. In order to provide the necessary stability airplanes are fitted  a tail unit.
4. Fin is a vertical control surface  the rear of the fuselage.

5. Trimmers are adjustable  the cockpit.
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5. Translate the following word combinations into Russian:
1. rocket launch

. aircraft maintenance

. communication satellite

. communication satellite launch

. weather radar antenna

. robot manipulator arm

. combustion chamber pressure

. landing gear bay

O© 0 3 &N D B W N

. fixed oxygen system reservoir

10. extensive fatigue test programme

Speaking

1. Prepare a presentation about different types of tail units to your group mates. Compare
tail unit designs of fighters, cargo airplanes and passenger liners.

Writing

1. Translate the text in a written form.

The flying controls are designed to ensure high control and maneuverability.

The primary flying controls are manually operated by a system of cables and rods.
They are aerodynamically and mass-balanced.

The ailerons provide good response and ensure excellent handling characteristics
throughout the flight modes. The ailerons and elevators are fitted with trim tabs and the
rudder has a spring tab.

The rudder pedals are adjustable for leg length. A spring strut is fitted to interconnect
the rudder and the aileron system so that each control will respond to the movement of
the other.

The double-slotted flaps are designed to move in an arc. They are actuated by the
forward section of a double-acting jack, to 35° extension for landings. The intermediate
selections are 10° take-off and 20° for approach.

The flaps are hydraulically operated, they provide low approach speed.
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UNIT 6
The Fuselage Structure

Lead in

1. Brainstorm all possible terms related to the topic.

2. Before you read the text, read the statements and agree or disagree with them and
explain your viewpoint.

1. The fuselage is designed for housing passengers, equipment and cargo.
2. Fuselage structure is a monolithic structure made of aluminium alloy.

3. Composite materials are widely used in modern aircraft.

Reading

1. Read the text and make a list of unfamiliar words. Compare them with your partner.
In pairs try to guess the meaning of these words.

The Fuselage Structure

A. The fuselage is the main body of the aircraft. It usually serves the purposes of housing
the crew, passengers and payload and of connecting the wing and the tail group. It may
also carry fuel and support the engines and the landing gear. Its structure is called upon
to carry bending, shear and torsion loads due to all these functions.
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B. The usual constructions of a fuselage consist of longitudinal members (longerons),
transverse rings (frames) and covering skin. The designer’s problem is complicated by
the presence of doors, windows, wheel wells, bomb bays, etc.

C. A fuselage construction may be broken down into two main classes: the truss type
consisting of a welded tubular structure covered with skin and a girder type. The latter
1s divided into the monocoque type consisting of a strong outer skin from which the
fuselage primarily derives its strength, and the semi-monocoque type — the combination
of a single shell structure with longerons and stringers to reinforce the skin.

D. A very common type of a fuselage is the monocoque type of construction. It is called
so because it uses of a single shell which is sufficient to provide the necessary structural
strength. Monocoque construction aims at concentrating the structural material towards
the outer surfaces and the success of stressed-skin fuselage depends upon the stiffness
of the skin.

E. The semi-monocoque type is the most popular fuselage construction. It presents
the same outside appearance but instead of relying entirely on the skin for strength
incorporates longerons or stringers usually riveted to the skin and carrying the main
portion of the load. Thus it may be said that the longerons and the skin mutually reinforce
each other.

F. The main longitudinal members, longerons, provide the basis of the necessary strength
to resist bending together with transverse frames which are of a very light gauge metal.
The transverse frames are rolled in channel or similar shape and spaced at intervals
along the fuselage. The whole structure is covered with a very light gauge skin riveted
in position. The longitudinal members in a semi-monocoque fuselage are held apart by
bulkheads, which give the fuselage its shape. Bulkheads are solid or semisolid frames
placed where the greater stresses are to occur or at any point in the fuselage that requires
special strength.

G. The skin is put on in long strips (or panels) riveted to each other and to the stringers
and bulkheads. Both the monocoque and semi-monocoque type structures are referred
to as stressed-skin construction.

H. The fuselage is generally built in three sections or assemblies: the nose, the centre
section and the aft section. When the assemblies are completed they are joined to form

the entire fuselage.
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Comprehension Check
1. Divide the text into logical parts. Think of the subtitle to each part.

2. Explain the difference between:

a) longerons and bulkheads;

b) monocoque and semi-monocoque fuselage.

3. Define the main idea of paragraph F. Find the supporting details that help to develop
the main idea.

4. Fill in the diagram with missing information from the text.

Fuselage

/ Structure \

Truss type
A
1. Welded tubular Monocoque
structure
Type

/ —

2. Stringers
3.
4.

5. Look at the text again and answer the questions.
1. What can be housed inside the fuselage structure?
2. What loads act on the fuselage in flight?
3. What are the main members of the fuselage structure?
4. How is the skin joined to the stringers and formers?
5. What purpose are the bulkheads used for?
6. What is the best material for the airplane fuselage?
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6. Read and memorize the following definitions.

Longeron — a main longitudinal member of the fuselage

Rivet — a metal pin that is inserted into holes in larger parts to be joined, and then
compressed to produce a permanent fastening

Skin — a material which covers the structure of an airplane
Airframe — the basis structure of a plane, including fuselage, wings and so on

Bulkhead — an upright partition that serves to divide the airplane into compartments
and to provide structural strength.

Stringer — a longitudinal member that shapes and strengthens the skin.

Language Focus

1. Give your own definitions for the words from the text.
Crew, fuel, payload, wheel well, assembly, to rivet, acrodynamic load.

2. a) Check if you know the meaning of the following verbs.
To space, to resist, to reinforce, to rely, to depend, to divide, to cover, to derive.

b) Think of other nouns they can go with. Make up your own sentences with the verbs
from a).

3. Match the synonyms. Watch out! There is an extra word in the column B.

A B
cover pressure
derive strengthen
divide contain
reinforce split
resist frame
bulkhead shield
bay withstand
assembly obtain
stress compartment
house basis
unit
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4. In the text, find the words with the meaning opposite to these words.
Started; flexible; different; broken; insufficient; weak; simplify; inner.

5. Choose the best alternative to fill the gaps in these sentences.

1. The main members, longerons, provide the basis of the fuselage
strength.
a) transverse b) longitudinal c) solid

2. Both the monocoque and semimonocoque fuselage structures are referred to as

construction.
a) monolithic b) welded c) stressed-skin
3. The designer’s taskis by the presence doors, windows, wheel wells, etc.
a) complicated b) improved c) simplified
4. The  type fuselage consists of a welded tubular structure covered with skin.
a) monocoque b) girder c) truss
5. aresolid or semisolid members placed where greater stresses ocuur.
a) stringers b) bulkheads c) longerons
6. Longerons and stringers are  to the skin and they carry the main portion of
the load.
a) welded b) bolted c) riveted

6. Translate the following word combinations into Russian:
. flight data recorder
. cockpit voice recorder
. front pressure bulkhead

. ice-protection measures

1

2

3

4

5. automatic system malfunction
6. emergency brake accumulator

7. audio warning system

8. extensive fatigue test programme

9. intensive multi-cycle airplane operation
10. fiber-reinforced rubber sheeting
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7. The stresses an airplane has to withstand in flight can be classified into five types.
Match the pictures with the definitions.

@\ Compression @ f :
‘ Bending ‘
H Tension

—

‘ Shear ‘ N
<

a) this type of stress is a result of two opposite longitudinal forces

Torsion

b) this type of stress is a result of two opposite twisting forces
c) this type of stress is the opposite compression
d) twisting of a part by application of equal and opposite torques at either end

¢) movement that causes the formation of a curve

Speaking

1. Work in group. Imagine that your team is to design a new business airplane for 10
passengers. What type of fuselage suits this purpose best of all? Give your reasons.
Compare different types of fuselage structure and give pros and cons of using your
choice.

Writing

1. Translate the text in a written form.

The semi-monocoque fuselage comprises a pressurize cabin and flight deck with
unpressurised nose and tail sections. Stringers, longerons and frames are made of
aluminium alloy. Front and rear pressure bulkheads comprise flat webs reinforced with
horizontal stiffeners providing high degree of damage tolerance.
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The passenger entry door has its own integral steps and is locked by six fail-safe
bolts. Failure to lock by any of the bolts is signalled on the flight deck and the position
of the bolts can be checked visually. Two overwing emergency exits are incorporated,
one on each side of the cabin. Each exit is fitted with a quick release mechanism and can
be opened from either inside or outside.

The nose equipment bay forward of the front pressure bulkhead houses avionics
equipment, batteries and inverters and is accessed through two large hinged doors. The
nose cone, housing the weather radar antenna, is removable and made of glass-reinforced

plastic.

The rear equipment bay, aft of the rear pressure bulkhead, is accessed from the
fuselage underside. This area accommodates the fixed oxygen system reservoir, cockpit

voice recorder, flight data recorder, water tank and emergency locator transmitter.
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UNIT 7

The Landing Gear
Lead in

1. Give a definition to the term “landing gear”. Try to predict what performances the
landing gear must have.

2. Match the keywords with their translations.

1. undercarriage a. Kapkac
2. take-off b. mmHa
3. landing C. XBOCTOBas O1opa
4. oleo unit d. MacnsHbIM arperar
5. tyre €. mocajaKa
6. nose over f. maccu
7. skid g. KaroTUpOBaTh
8. framework h. B3nér
Reading

1. Read the text and write a brief heading for each paragraph.

The Landing Gear

A. The landing gear (or undercarriage) is intended to support the airplane in proper
location for take-off and landing and to provide the shock absorption. The shock is
usually absorbed by a sort of pneumatic tyres and shock-absorbing struts. The landing
gear usually consists of a pair of wheels carried either from the fuselage or from the
wings by a framework of hollow tubes called struts. In addition to these main wheels
a support is needed at the rear of a machine. This is a tail wheel (or skid) carried on a

swiveling mounting.
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B. Two different arrangements of landing wheels are in use today. They are conventional

tricycle gears and the landing gear with a skid.

C. The first, the tricycle type, has the main wheels mounted slightly aft of the centre of
gravity and the third wheel (the nose wheel) in front. The second type comprises two
main wheels located slightly forward of the airplane’s centre of gravity and a tail skid

at the rear.

D. The tricycle landing gear of the aircraft consists of one nose leg and two main legs.
The nose leg is mounted under the nose section of the fuselage. The main legs are
installed under the wing or the fuselage symmetrically with respect to its centre line.
Tricycle gear has many advantages. It simplifies landing, eliminates the danger of nosing
over and carries the airplane in normal take-off position. It permits an airplane to land

and come to rest within a shorter distance.

E. Consequently, it is the rule today to employ retractable landing gear which can be
drawn up (or retracted) in flight into the wing or fuselage structure. Most high-speed
airplanes have retractable landing gears. The retracting mechanism may be either
mechanical, powered by electric motors, or hydraulic. Various linkages are employed to

perform the retraction of wheels and struts into the fuselage, wing or nacelles.

F. After take-off the nose leg is retracted into the well provided in the fuselage and the
main legs are retracted into the well of special nacelles. The landing gear legs have
oleo-pneumatic shock absorbers. The shock strut is the major assembly of the wheels. It
consists of a shock absorber and other elements. The shock absorber comprises an outer

steel tube with a welded top head which attaches a plunger.

G. The landing wheels are fitted with large diameter low-pressure tyres which allow
the airplane to taxi over rough ground and also assist in absorbing the shock of landing.
The landing gear is designed to withstand the loads imposed by rough landings and fast
taxing. It must also carry the breaking loads in a fully braked landing.

H. The design of the tail wheel is similar to that of the main legs and usually consists of
a single oleo unit. The tail wheel may be of the conductor type. When it is resting on the
ground it provides an electrical earth contact and so prevents the aircraft and crew from

damage through static electrical charges.
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Comprehension Check

1. Complete the table according to the content of the text.

UNIT FUNCTION

Landing gear

Pneumatic tyres

Shock-absorbing struts

Tail skid

Wheel well

2. Define the main idea of paragraphs D and H.

3. Complete the sentences below with suitable words from the box.

main legs oleo unit to support to provide
skid nacelles nose leg
1. The landing gear is designed the airplane on the ground and the
shock absorption.
2. Tricycle landing gear consists of one and two

3. After take-off main legs are retracted into special
4. The tail wheel consists of a single

5. The rear part of some airplanes is supported by the
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4. Ask questions to which the following sentences are answers. Remember to use
“wh-" words: why, what, where, when.

— tricycle landing gears and the landing gear with a skid.

— it simplifies landing and prevents nosing over.

— after take-off.

— into the well of special nacelles.

— large diameter low-pressure tyres.

— to protect the aircraft and crew from damage through static electrical charge.

— by a framework of hollow tubes called struts.

5. Give your own definitions for the words from the text.

Tail skid, low-pressure tyre, aircraft centre line, landing gear well, framework,
retractable landing gear.

Language Focus

1. Match the word in column A with the word in column B having a similar meaning. Be
careful! There are some extra words in column B.

A B
fit linkage
strut skid
rear design
landing gear maintain
intend equip
support back
tail wheel leg
conventional usual
undercarriage
provide

2. Find in the text antonyms of the following words.

Fixed (A); similar (B); add, complicate (D); straight (G); different, result in,
repair (H).
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3. a) Check if you know the meaning of the following words.

To intend, to carry, to mount, to install, to employ, to perform, to attach, to withstand,

to impose, to prevent.

b) Make up your own word combinations using these verbs.

4. Complete the missing part of the table.

Verb Noun Adjective (Participle)
simple
absorb
arranged

retraction
mount

addition

conductive
Speaking

1. You are a guide of the museum of aviation. Tell a group of the first-year students
about different types of landing gears. The presentation is welcomed to support your

excursion.

Writing

1. Match the beginnings and the endings of the sentences.

1. The shock is usually absorbed by ...

a) eliminates danger of nosing over.

2. Landing gear with a skid comprises
two main wheels located ....

b) prevents the aircraft and crew from
damage through static electrical
charges.

3. Tricycle landing gear simplifies
landing and ...

c) pneumatic tyres and shock absorbing
struts.

4. The landing wheels are fitted with...

d) slightly forward of the airplane’s centre
of gravity and a tail skid at the rear.

5. The tail wheel provides electrical
contact and so ...

e) large diameter low-pressure tyres.
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2. Translate the text in a written form.

This airplane has hydraulically operated retractable tricycle landing gear with
nosewheel steering. The port and starboard main gear assemblies each consists of a
single with an oleo-pneumatic shock absorber and a stub axle carrying a single wheel
and tyre. Each leg is attached to the wing spars and retracts inwards into a landing gear
bay in the wing. A door is hinged to the wing outboard of each leg and covers the outer

portion of the gear bay when the gear is retracted.

The nose gear leg consists of an oleo-pneumatic shock absorber attached to the
forward pressure bulkhead, with two wheels mounted on a live axle. Mechanical linkage

ensures that the nosewheel bay doors are in closed position except during gear travel.

The brakes on eachmain wheel consist of cintered iron plates operated hydraulically
by a multi-piston arrangement. Anti-skid units and automatic wear adjusters are fitted to

ensure maximum braking efficiency under all conditions.

Extension of the landing gear in the event of hydraulic failure is achieved by

using emergency system operated by a hand pump from the flight deck.
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Section 2. AIRCRAFT ENGINE

UNIT 8

Engine Designing

Lead in

1. Discuss the following questions with your partner.
a) What does the aviation success mostly result from?

b) What are the stages of engine developing?

2. Choose from the list below the most important factors engineers should take into
account in the process of engine designing. Explain your choice.

o weight

e speed

e complexity

e reliability

o life

e materials the engine is made of
e if it is environmentally friendly

e cost of production
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3. Think about adjectives for the items you have just spoken about and their antonyms.

Item adjective antonym

weight light heavy

speed

complexity complex simple

power

reliability

beauty

price

strength

Reading

a) Scan the text and mark the factors not mentioned before.

b) Read the text again. While reading match the keywords with their Russian

counterparts.
1) performance a) coBepuIaTh, BBITOIHATH
2) payload b) pexum pabOThI JBUTATEIS
3) drag C) 3arps3HsTh
4) to create d) oxaspIBaTh BIMSHUE
5) power output €) JIETHbIE XapaKTePUCTUKU
6) to accomplish f) moboBoe conpoTuBIeHNE
7) strength €) BBIXOJIHASI MOIIHOCTD
8) loss h) BcmoMoraresibHbIE CpecTBa
9) facilities 1) 1IeJIb
10) to influence ]) AOCTHUraTh
11) goal k) rpy30omonseMHOCTh; Harpy3Ka
12) power setting 1) co3naBath
13) to reduce m) MPOYHOCTH
14) to achieve n) CHUXaTh
15) to contaminate 0) MoTepu
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Engine Designing

A. To move and fly any aircraft demands power. A machine that produces mechanical
power necessary for propulsion of a vehicle is called an engine. It is constant engine
evolution that decidedly influences the aircraft performance.

B. The process of developing an engine is one of compromises. Therefore creating
engines begins with solving very complex and contradictory problems - determination
of the most optimum parameters permitted by modern science in the engine operating
process. Then the designers work at developing such engine constructions that could
accomplish this process without unnecessary loss and would have the long life and the
high strength. Engineers design specific attributes into engines to achieve specific goals.
Aircraft are one of the most demanding applications for an engine, presenting multiple
design requirements. An aircraft engine must be:

e reliable -aircraftengines must perform reliably at high pressure, all temperatures
and speeds;

o [ightweight - a heavy engine increases the empty weight of the aircraft and
reduces its payload;

e powerful —to overcome the weight and drag of the aircraft;

e small and easily streamlined - large engines with the substantial surface area,
when installed , create too much drag, wasting fuel and reducing power output;

e repairable - to keep the cost of replacement down;

o fuel efficient - to give the aircraft the range the design requires.
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C. The design of aircraft engines tends to favor reliability over performance. Long
engine operation times and high power settings, combined with the requirement for
high reliability, means that engines must be constructed so they could support this
type of operation with ease. Aircraft spend the vast majority of their time travelling
at high speed. This allows an aircraft engine to be air cooled, as opposed to having
a radiator. The amount of air flow an engine receives is usually designed according
to expected speed and altitude of the aircraft in order to maintain the engine at the
optimal temperature.

D. Besides engine designers, experts in the field of automatic control, measuring and
information systems also take part in developing engines. They make every effort to get
units that could meet all modern requirements.

E. Today we speak about the necessity to create nuclear, plasma, ion and other exotic
engines. Besides, it is quite necessary to have “clean” aircraft power plants, that is,
aviation engines which do not contaminate the environment due to usage of hydrogen
as the main fuel. Aircraft-engine building is a fast developing branch of industry. The
engine complexity doubles every 15 years. Aircraft engine designers must be well
educated and able to solve the most difficult problems by using all modern knowledge,
techniques and facilities.

Comprehension Check

1. Match the headings below and parts of the text A-E.
1. Basic things for engine design
Innovations in engine design
A machine for generating mechanical power
Experts involved in the process of engine construction

A

Factors, providing good engine operation and its reliability

2. Answer the questions.
1. What kind of machine is an engine?
2. What is the primary task of any engine?
3. What other specialists (except engine designers) are involved in the construction
of aviation engines?
4. What qualities should aircraft engine designers possess to meet modern
requirements?
5. What are the new tendencies in the field of aircraft engine design?
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3. a) Find in the text the English equivalents to the word combinations:

TpeOOBaHUSI K KOHCTPYKIIMHU, 001aCTh MPUMEHEHHS,
IUIOLIAlb TOBEPXHOCTH, ABUAIMOHHBIEC CUJIOBBIC
YCTAaHOBKHU, JJIUTEIBHBIA CPOK IKCILTyaTaIUH,

OTpeieNICHHE ONTUMATBHBIX TAPAMETPOB, OBICTPO

Pa3BUBAIOIIASCS OTPACIIb IPOMBIIIIEHHOCTH

b) Speak about the context in which they are used.

4. a) Fill in the diagram according to the content of the text.

Engine designing

A NN

b) Share information with your partner. Speak on the topic, using the diagram above.

Language Focus

1. a) Match the nouns with their definitions:

1. aircraft a. something successfully finished
2. advancement b. the use of physical strength or power of the mind
3. achievement c. amethod of doing something that needs skill
4. effort d. improvement, development or movement to a
higher rank facility
5. facility e. asystem that makes a particular activity possible
loss f.  inability to keep something
techniques g. aflying machine of any type, with or without an
engine
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b) Now, it is your turn to define the words:

SRS

movement

performance

requirement
strength

specialist

2. Fill in the table according to the example, using either comparative or superlative

form.

a)

high

higher

the highest

small
great
simple
cheap

strong

b)

modern

more modern

the most modern

efficient
lightweight
attractive
popular
significant

3. Which of the words below are adjectives in a comparative form?

larger
wider
winter

heavier

lighter
colder
spider

driver

other

more
over

lower

glider
easier
pointer

further
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4.

S.

58

Use the proper form for the adjectives in brackets.

1. Most airplane materials are now made out of composite materials that are (strong)
and (lightweight) than most metals.

2. Modern turboprop engines are equipped with propellers that have a (small) diameter
but a (large) number of blades for efficient operation at much (high) flight.

3. It became readily apparent that a (good) job has to be done in supporting the F-100
engine fleet.

4. The problem of aircraft noise is one of the (bothersome) problems.

5. The rocket equation states the intuitive fact that the (fast) you throw propellant out
from a spacecraft, the (little) you need to execute a rocket-born maneuver.

6. Air transport can and will make (far) progress.
7. Airplane can fly at (high) speed than helicopter.

8. The (great) advantage that many digital instruments have is that they don’t have
any moving parts.

Translate from Russian into English.

1. biarogapst CBOMM  XapaKT€pUCTUKaM, JaHHBIA THUI JBUrareis CrocoOeH
KOHKYPHUPOBATh C CAMBIMU JYUYIIMMH MUPOBBIMU JABUTATENSIMU 3TOTO KJacca.

2. DTa KOHCTPYKIUS sBIsieTcs Oonee 3 (HEeKTUBHOM, HO OHA U 0oJiee JopoTas.
3. Bosee XomoMHbIi BO3yX CMEIIIMBACTCS C TOPSIYMM BO3yXOM Ha BXOJIC B JIBUTATCIIb.

4. ®ponTanbHas o0nacTb TypOMHBI HAMHOTO MEHBIIE, YeM (pOHTaJIbHAs 00JACTh
KOMIIpeccopa M KaMephl CTOPAHHUS.

5. PesynbraTtoM yBenndeHust 00bEMa sIBISIETCst 00J1e€ BBICOKAsI CKOPOCTb.

6. JIsurarens F100 — 510 camplii Oe30macHBIi M caMblii HAAEKHBIA JBUTATENb,
BBIITYCKAEMBIH I caMOJIETOB-00MOapIUPOBIITHKOB.

7. IlockonbKy aBurarenb J73 cHaOXXeH BXOAHBIMU HaNpaBIIAIOMIMMH JIOMATKaMH C
U3MEHSIEMBIM YIJIOM, OH MOXKET Pa3rOHITHCS TOpa3ao ObICTpee, YEM paHbLIE.

8. [locnennee Bpemsi CaMOJIETHI-IIEPEBO3YUKHA CTadd TOJH30BATHCS OOJIBIIAM
CIIPOCOM OCOOEHHO Y a3MaTCKUX KOMIIAHUH, BBITIOTHSIONINX TPY30TIEPEBO3KH.

9. Uem GosbIiie sHEPTUU BhIpadaThiBaeT TypOUHA, TEM MEHBIIIE CTAHOBUTCS CKOPOCTh
BBIXJIOITHBIX T'a30B TYPOOBEHTHIIATOPHOIO JBUTATEIIS.

10. B HexoTopbIX citydasix caMon€Thl He Tak 3()(PEKTUBHBI, KAaK BEPTOIETHI.
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6. a) Put the words below into the correct column of the table.

steam fix invent
exhaust heat change
demand blade export
influence result degree
performance burn melt
combustion power process
verb noun both verb and noun

b) Mark the stress of all the words in a) according to the part of speech they belong
to. Practise their pronunciation aloud.

7. Rearrange the words to get true sentences. Mind, the very first word is the beginning
of the sentence.

a) Any / propulsion / unit / a / engine / be / called / can.
b) The / were/ first / units / plants / steam / power.
c¢) Turbojet / the / speeds / suitable / high / engine / for / most / forward /is.

d) The /stages / engine / various / of /compressor / with / in / axial / number /
design / an.

e) Fuel / chamber / in / be / combustion / must / the / burnt.
f) There / thrust / for / engine / methods / are / of / turbojet / a / increasing / some / the.

g) Thrust/ force/ an/ tending/is/ applied/ a/ produce/ in/motion/ to / body/.
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Speaking

a) Look at the three engines below. What kind of engines are they? Why do you
think so?

Fig. 1

Fig. 2 Fig. 3

b) Work inpairs. Inthe two columns below there are some advantages and disadvantages
of these engines. Match them with the engines.

Advantages Disadvantages
powerful not very powerful
streamlined arrangement expensive

runs well complicated

good shape needs more spare parts
small drag too large

reliable fuel inefficient
lightweight heavy enough
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c) Work with another pair of students and compare your ideas. Give some reasons
to support your point of view. The following phrases may help you to start and
successfully continue your conversation.

4

(0

Starting a conversation

First of all I’d like to...

As far as I know...

The subject I’'m going to speak about is...

I want to begin with...

5

&) C

e A

Agreeing Yes, you are definitely right.
I agree that...
Maybe you are right.
That’s true.
9. [
[
Asking for opinions What do you think?

Do you agree (with that)?
What’s your opinion on...?
What about (you/these factors etc)?

e

o) C

Disagreeing

I don’t think so.
I’m not sure about that.
No, definitely not.

I’m afraid, I can’t agree.

d) Look at the three engines below. What kind of engines are they? Why do

think so?

you
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Writing

1. These are two other types of engines: a horizontally opposed twin cylinder engine
and a twin engine. Do a research to compare them on the items used in Exercise 3 of the
“Lead-in”. Write a short report on the work done. Use about 80-100 words.

Fig. 4 Fig. 5

Horizontally opposed V twin
twin cylinder
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UNIT 9

Jet Engine

Lead in

1. Discuss the following questions with your partner.
a) What is a jet engine?
b) What types of a jet engine do you know?

c) Where are jet engines applied?

2. Brainstorm all possible terms related to the topic.

thrust

compressor

jet engine
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Reading

While reading the text match the keywords with their Russian counterparts:

1. jet a. HaJIe)KHOCTh
2. combustion b. Tara
3. reliability C. BCachIBaTh
4. to burn (burnt, burnt) d. obGecrieunBarh
5. to suck €. BRIOpachIBaTh, U3BEPraTh
6. to utilize f. peakTUBHBIN; CTPYs
7. propulsion g. yCTaHaBJIMBATh
8. to mount h. nBmwxkeHue Briepes
9. to produce 1. BRIpabaThIBaTh, IPOU3BOIUTH
10. to eject J. TOpeHue
11.to supply k. ucnonb3oBaTh
12. thrust |. cxxurate, ropetb
Jet Engines

Ajetengine is areaction engine that discharges a fast moving jet of fluid to generate
thrust. This broad definition of jet engines includes turbojets, turbofans, rockets, ramjets,
pulse and pump-jets. In general, most jet engines are internal combustion engines but
non-combusting forms also exist.

The term “jet engines” refers to any jet propulsion device which utilizes air from
the atmosphere together with the combustion of a fuel and produces the jet for propulsion
purposes.

The basic idea of a jet engine is to produce the high pressure and high temperature
gas jet. The jet is ejected rearwards with great force named thrust. The thrust is the
reaction of the jet of hot gases ejected from the rear. The jet is produced by combustion
of the fuel in the compressed air. The latter is supplied by the atmospheric air that
enters through the front opening where a compressor is mounted. It must provide the
combustion chamber with the required air. Air is sucked, compressed and then used to
burn the fuel. The image below shows how the air flows through the engine.
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The air goes through the core of the engine as well as around the core. This causes
some of the air to be very hot and some to be cooler. The cooler air then mixes with the
hot air at the engine exit area.

Jet engines find extensive use. The application of jet power plants to aircraft has
made flying faster than the speed of sound, which was once considered impossible.

Jet engines, involving the most advanced science and technology, are widely
utilized for not only aircraft but also industrial systems and equipment. In addition to
the capacity to produce larger power with comparatively compact size and light weight,
the high reliability and easy maintenance of jet engine will provide extreme advantage
in view of automation and power economy.

Comprehension Check

1. Say if the statements are true or false. Correct the false ones.
1. There are several types of jet engines.
2. Being ejected rearwards the jet produces thrust.
3. The speed of a jet aircraft is less than that of sound.
4. A fast moving jet that is discharged by the engine produces thrust.

5. All jet engines are called internal combustion engines.

2. Complete the sentences using the ideas from the text.
1. Jet engines include such types as...
2. The primary purpose of a jet engine is to...
3. The term “jet engine” means...
4. The thrust is...
5. Jet engines are used today for not only aircraft but ...
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3. Find the words in the text which mean the following:

*a piece of equipment

* to manufacture

* the force pushing an airplane
* a fast narrow stream of gas
*to provide with

» the process of burning

* to think about; to believe

4. The pictures of engines, aircraft and advertisements have been mixed up. Match engines
(A-D) and advertisements. Which aircraft (a-d) may these engines be installed on?

1. J79 Turbojet Engines

J79 is capable of producing speeds up to
Mach 2 and widely adopted throughout the
world, which IHI serially produced for the
F-104J star fighter and the F-4E Phantom
under a license agreement with GE.

2. T64 Turboprop Engines

T64 is a turboprop engine serially produced
by IHI to power the P-2J anti-sub-marine
patrol plane and the UA-1A rescue flying boat
under a license agreement with GE. This
engine also powers the ECM/ELINT YS-11E
plane.
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3. CF34 Turbofan Engines

Developed and manufactured jointly for 70-
90 seats class regional jet planes under Risk
and Revenue Sharing Program, in which IHI
plays major role as GE’s partner. This engine
is installed on Canadian Regional Jet CRJ
700/900, Brazilian Regional Jet EMBRAER
170/190 and Chinese Regional Jet ARJ21.

4. T58 Turboshaft Engines

T58 is produced by IHI under a license
agreement with GE which is widely adopted
to power helicopters. This engine is installed
on the various kinds of helicopters such as
V-107, HSS-2 and S-61.
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Language Focus

1. Find pairs of synonyms among the words:

1. to provide a. power plant
2. to mount b. to utilize

3. rearwards c. to install

4. to use d. backwards
5. engine e. to supply

2. Find pairs of antonyms among the words:

1. easy a. latter

2. to suck b. rear

3. former c. impossible
4. front d. to eject

5. possible e. heavy

3. a) Work on your own. Choose any three words from Ex. 1 and any three words from
Ex. 2. Make up sentences to show their use.

b) Work in pairs. Exchange your sentences, check them and correct mistake if there
are any.

4. a) Explain the following phrases in English. If necessary refer to an English-English
dictionary.

b) Give their Russian equivalents.

engine exit area reaction principle  easy maintenance  the speed of sound
high temperature gas jet ~ extreme advantage =~ compressed air  atmospheric air

front opening  extensive use  the speed of sound  jet propulsion device
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5. Define the tense-form and the voice of the predicate:

1. is being discussed
2. will be increased
3. has had

4. am working

5. have

6. has been provided
7. had equipped

8. was subjected to
9. left

10. had been overcome

6. Match the predicates in column A with their Russian equivalents in column B:

A
1.will be designed
were designed
are being designed

2. were being created
had been created
will be created

3. was changed
1s being changed
has been changed

. 1s achieved
were achieved
will be achieved

5. will be discussed
has been discussed

was discussed

B
a) MPOEKTUPYIOTCS
b) OyayT MpOeKTUPOBATHCS
C) CIIPOEKTUPOBAHBI

a) OyneT co3ngan
b) ObLT co31aH
C) co3aBajuCh

a) U3MEHEHa
b) ObLa U3MEHEHa
C) U3MEHSIETCS

a) OyZieT TOCTUTHYT
b) tocTUrHYT
) OBLIIM TOCTUTHYTHI

a) o0cynuiImn
b) OyayT oOcyx1aTh
¢) obOcyxaam

7. Complete the sentences by filling in the gaps using the prepositions from the oval and

the table below as the reference material.
English verbs
1. insist on
2. refer to
3. to rely on/upon
4. to send for
5. to speak of
6. to work at

7. to meet with

Russian verbs
HacTanBaTh Ha
CCBUIATHCS Ha
[10JIaraTbCs Ha
rocnarTh 3a
TOBOPHUTH O
paboTtarh Haj

CTAJIKUBAThCA C
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of, at, with, for

upon, by, to, on

1. The problem of space exploration have just been spoken ... .

2. The results were affected ... the presence of magnetic field.

3. This reference book have been often referred ... .

4. Such difficulties are met ... in engine production.

5. This type of vehicle may be certainly relied ... .

6. The problem of aircraft noise reduction is still being worked ... .

7. The workers have been sent ... some instruments.

8. Translate the sentences into English.

1) JoknaaumKOB CIIyIIaIH ¢ OOJIBIITUM HHTEPECOM.

2)Ha pemieHue MHOTMX BOINPOCOB TMOBIMSUIM TPAKTHUYECKUE TPEOOBaHUS U
OTPAHUYEHHUS, TPEABSABIISIEMbIE COBPEMEHHBIE PHIHKOM.

3) MeHs1 HUKOT/Ia HE CIIpalIBaIl 00 3TOM.

4) ITocne noxmnama Bam OymyT 3a7aBaTh BOIPOCHI.

5)Ha 5T naHHbIe yKe CChUIANNCH.

6) OGopynoBaHue y>xe yctanaBiauBaroT? Kak Bbl TymaeTe, €ro yCTaHOBAT K MOJIYIHIO?
7) Han mpoekToM 3Toi yCTaHOBKU padboTaiu 2 roja.

8) TpynHocTH OBUIH IPEOI0JICHBI O1arofapst 0oJiee TIATEIbHOMY aHAIU3y MPooJieM,
CBS3aHHBIX C BUOpALIUEi.

9) Pabora OyzneT 3aBepiiieHa BOBPEMSI.

10) Hoswsrii Tum hopcyHku ObUT pa3paboTaH COBCEM HEABHO TPYNIION HHKEHEPOB.

Writing and Speaking

1. In the text it is mentioned about several types of jet engines. Choose one of them,
research information on the Internet and write down all the facts and details necessary
to cover the following items:

* jet engine invention background
* design of early jet engines and their drawbacks

* modern jet engines: a) design, b) technologies used, c) characteristics
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2. Work in a group of four. Use your notes to tell your partners about the engine you were
researching. The phrases below may help you to start and support your conversation.

G

r\.[; Starting a conversation - The subject of my research is...

- Let me begin (with)...

- What ’'m/was interested in is/was...
- Let’s start with...

- Why don’t we...?

(0
Asking for more details - Could you be more specific about...?
- Could you give some more details on...?

- Have you come across ...?

- Could you tell us how it operates?

A
(>
, Gl
Provoking a response - Don’t you think that...?
- I can’t understand your point...
- You mean that..., don’t you?
- I have doubts about...
A
L
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UNIT 10

Power Plant

Lead in

1. Discuss the following questions with your partner.
a) What is the propulsion system in an aircraft for?
b) What attributes should engineers design into engines to achieve specific goals?
c) What should an aircraft engine be?

2. Brainstorm all possible ideas related to the topic.

Aircraft
engine
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Reading

a) Read the text quickly and find out if your predictions are correct.

b) Read the text for the second time. While reading fill in the diagram according to
its contents.

requirements
for aircraft
power plant

Power Plant

Any kind of vehicle must move. The ability to move demands power. A machine that
produces mechanical power or energy is called an engine or a power plant. Every engine
must meet a number of requirements. First of all engines must have the maximum power
(or thrust) for minimum weight. Therefore every engine is to have the reduced weight
per horse power of the engine. The weight in pounds per horse power output may be
defined as weight/ power ratio.

Then the fuel consumption must be as low as possible. And on the contrary the amount
of power produced from consumed fuel for a given period of time must be as high as
possible.

Another demand is proper engine flexibility. Flexibility is the ability to run smoothly
and perform properly at all speeds and through all variations of atmospheric conditions.

One more important requirement is the engine reliability. The engine is to have a long
life with maximum of time between overhaul periods.

Besides, any engine must be started easily and carry its full load in a few minutes.

The necessity of carrying away excess heat developed by the engine has always been
a problem of first importance too.

As mentioned before the power plant is a means of propulsion. Nowadays there exist
many types of engines used for various purposes. There are gasoline engines, diesel
engines, gas turbines, jet engines and rocket engines. Each of them has certain advantages
and disadvantages over other forms of power plant.
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Comprehension Check

1. a) Give English equivalents for the following Russian words and word
combinations.

CMJI0Bas yCTaHOBKa allriapart Iyl IBVIDKEHVIA BeJIMUMHA CIIOCOOHOCTH

TpeOoBaHMe  IBUraTellb BeC  KO3(MPUIMEHT OIpenesaTh  BBIXOT

IeJIb TOIJIVIBO HOTpe6J'IeHT/I€ CymecTBOBaThb Ha1e>XHOCTb M3JINIIIEeK

PEMOHT  MaHEBPEHHOCTb IIPHCIIOCO0II€EMOCTb

b) Now say in your own words what context they are used in. If necessary refer to the
text again.

2. Match the phrases in the left-hand columns and the phrases in the right-hand columns.

1. All engines must have a) may be defined as weight/ power
ratio.
2. Every engine is to have b) be as low as possible.
3. The weight in pounds per horse power  ¢) with maximum of time between
output overhaul periods.
4. The fuel consumption must d) the maximum power (or thrust) for

minimum weight.

5. The engine is to have a long life e) the reduced weight per horse power
of the engine.

3. Answer the questions.
1. What machine produces thrust?
2. What must the weight of any engine be?
3. What is the engine flexibility?
4. What must the period between engine overhauls be?
5. What necessity arises due to excess heat of the power plant?
6. How can you characterize the aviation power plant?
7. What types of engines do there exist nowadays?
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Language Focus

1. Find the correct definitions of the terms on the left:

1. engine a) a measure of the rate of doing work expressed as the work
done per unit time

2. requirement b) the amount produced, as in a given period

3. power c¢) necessary changes to run smoothly and perform properly
at all conditions

4. output d) going beyond permitted limits
5. flexibility e) a machine that produces mechanical power or energy
6. overhaul f) examination of details or machines and if necessary to

make their repairs

7. excess g) a demand

2. Fill in the gaps, using the terms above.

a) The turbine provides the to drive the compressor and accessories.

b) The steam engine could not fully meet all the and it lead to the design
of a new type.

c) The conventional piston engines are not suitable for speeds in of
500 miles per hour because of propeller limitations.

d) The turbojet 1s most suitable for high forward speeds.
e) Different engines have different power

f) The and repair of all accessories constituting the fuel, oil and air are carried
out by our company.

g) One of the most important demands in the process of engine designing
1s its
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3. a) Make meaningful collocations. Translate them into Russian.

1. mechanical a. consumption
2. reduced b. conditions
3. fuel c. requirement
4. engine d. weight

5. atmospheric e. period

6. important f. power

7. overhaul g. flexibility

b) Make up sentences of your own to illustrate their use.

4. The phrases in brackets below contain modal verbs. Substitute the phrases in Russian
for their English counterparts.

1. Different types of engines (momxHO ObITh, UMeIOT) advantages and disadvantages
over other forms of power plants.

2. Most small airplanes (momxHbl ObLTM OBITH pa3zpaboranbl) with reciprocating
engines.

3. The majority of reciprocating engines (BO3MOXHO, IBJsOTC) air cooled.
4. This kind of power plant (Mor ucnonbs3oBathcs) in this engine much earlier.

5. We (cnenyet mpoBepuTh) the results once again.

5. Translate the sentences into English.

1. CunoBast yCTaHOBKA — BaXKHasl YaCTh CAMOJIETA.

2. HOpH_IHeBI)Ie u Typ6OBI/IHTOBBIe THUIIbI I[BHFaTCHCﬁ COCTOAT M3 IBYX OCHOBHBIX
YacTeu: ABUIaTCJIsd 1 BUHTA.

3. JIBurarens B camoJieTe 00CCIIEUUBAET CPECTBO JUIS TIEPEABUKEHUS.
4. Ecnu B caMosieTe HECKOJIBKO JBUTATEIICH, TO OHA Pa3MEIIAOTCS B TOHAOJIAX.
5. OOBIYHO BO3YIIHBIM BUHT HAXOAUTCS HA BaTy JBHUTaTEJIs.

76



AHenutickul 53bIK 05151 cmydeHmo8 aspoKOCMUYECKO20 rpouris

Speaking

1. Work in pairs. Go back to the section Reading. Take turns to speak about the
requirements any aircraft power plant must meet.

2. In the text it was spoken about some forms of the power plant. Do a research with
your partner and find information on one of these forms. Cover the following items:

*history
*design
*performance
*application

3. Work with another pair of students and share the information on the work done.

Writing
Rearrange the words to make a meaningful sentence and write them down. Mind, the
first word is the beginning of the sentence.

1. The / engine / power/ produces/ machine/ called/ is/ that/an.

2. A/ propulsion/ means/ a/ power/ is /plant/ of.

3. The/ consumption/ to/ designers/ solve/ fuel/ want/ problem/ of/ the.
4. Airplanes/ turbofan/ powered/ today’s/ are/ engines/ by/ modern/.

5. Do/ the/ was/ engine/ you/ know/ what/ like/ first?
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UNIT 11

Gas Turbine Engine Components

Lead in

1. a) This is a gas-turbine engine. Try to identify its main parts.

b) Read the text and check if your predictions were correct.

Reading

Gas Turbine Engine Components

The gas turbine engine consists of a rotary air compressor with an air intake, one
or more combustion chambers, a turbine and an exhaust outlet.

There are two basic types of rotary air compressors: a centrifugal flow compressor
and an axial flow one.

The centrifugal flow compressor is a single or two-stage unit which has an impeller
to accelerate the air and a diffuser to produce the required pressure rise. The axial flow
compressor is a multi-stage unite with alternate rows of rotating and stationary blades to
accelerate and diffuse the air until the required pressure rise is obtained.
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The combustion chamber has the difficult task that is to expand the air passing
through the engine by burning fuel in the air stream. Although all combustion chambers
work on the same principles, they may be installed in the engine in some different

ways. The multiple combustion chamber layout is often used with engines having
centrifugal compressors. Annular combustion chambers are used with engines having
axial compressors.

The turbine provides the power to drive the compressor and accessories. It extracts
energy from the hot gases released from the combustion system and expands them to a
lower pressure and temperature. The turbine may consist of several stages, each using
one row of stationary guide-vanes and row of moving blades.

The exhaust system passes the turbine discharge gases to atmosphere at a velocity,
and in the required direction, to provide the resultant thrust.

Comprehension Check

1. a) Find Russian equivalents for the following English words and word

combinations.
POTOPHBIVI KOMIIPeCcop BO3/IyX03a00pHMK KOMIIpeccopa
BBIXOIHOEe OTBepCTT/Ie HeHTpO6e)KHBIT7I KOMHpeCCOp
OCeBOVI KOMIIpeccop pabouee KoJjteco nuddysop
HEPEMEHHbIe pf[)II)I pesyanMponmaH TATa KoOJib11eBasAa
KaMepa CFOpaHT/IH BCITIOMOIaTeJIbHBbIE ar peraTBI ABUTaTeIAd
BBIXJIOITHBIE I'a3bl pr6ana51 KOHCTPYKIH/IH KaMepr Ccr OpaHVIH

Make up sentences using these words.

b) Now say in your own words what context they are used in. If necessary refer to the
text again.
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2. Present the information from the text in the form of a table, marking the parts of the
gas turbine engine and their functions.

Part Function

3. a) Answer the questions according to the text.

1. What components does a gas turbine engine consist of?

2. How many basic types of rotary air compressor do you know?
3. What is the function of the diffuser?

4. What types of blades are there in the axial flow compressor?
5. Where is the fuel burnt?

b) Make up 3 more questions to the text.

Language Focus

1. a) Match the verbs with their definitions.

1. to accelerate a) to gain possession of; acquire; get

2. to diffuse b) to make or become greater in extent, volume, size, or
scope; increase

3. to obtain c) to free (something) from (one’s grip); let go or fall

4. to expand d) to withdraw, pull out, or uproot by force

5. to provide e) to increase the velocity

6. to extract f) to put at the disposal of; furnish or supply

7. to release g) to spread in all directions
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b) Write down some sentences, leaving a gap in each sentence for your partner to
fill it in. He / she should use one of the verbs above. Exchange your sentences, fill
them in, check the results.

2. Read the text. Substitute the underlined words for the words from the box below.

powerful; geometry; appropriate; power; components

The gas turbine engine takes air from the atmosphere and, after compressing and
heating, it uses some of its energy to drive the turbine. The mechanical arrangement of
the gas turbine engine is simple. It consists of two main rotating parts, a compressor,
a turbine and a combustion chamber. The turbojet engine is most suitable for high
forward speeds. At aircraft speeds below 450 miles per hour the jet engine is less
efficient than a propeller-type engine.

3. Translate from Russian into English.

1. DTOT IBUraTENb, BO3MOXKHO, OYy/IeT yCTAHOBIIEH HA HOBBIM CAaMOJET.

2. Caenyer pacCMOTPETh MPEIOKEHUS STON KOHCTPYKTOPCKOM TPYIITIHI.

3. HyxHO mpoBeCcTH THIATEIbHBIA OCMOTP KOMIIPECCOPA JAHHOW CHIIOBOM yCTa-
HOBKH.

4. Kpome Toro, ciaenyeT mpoBEpUTh U TIOKa3aTen padOThI 3TON YCTAHOBKH.

5. Hac 3aBepuiin, 9yTo oTYET OyeT 3aBEpIIEH B CPOK.

Writing

Write a short description of the gas turbine engine using ideas from the text. Use the
following phrases:

e The engine consists of ...

e The main parts are ...

e The principle of operation is ...
e The function of this part is ...

e The geometry of this device is ...
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Speaking

a) Have a look at the pictures below. What do they show? What branches of industry
are these units intended for? Why?

b) Search the Internet to get more information.

c¢) Discuss the results of your search in a group of four.
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UNIT 12

Compressors

Lead in

1. Can you suggest a definition for the word compressor? What sphere of application do
you think it may concern?

2. Brainstorm all possible terms related to the topic.

compressors

Reading

1. Quickly look through the text and find definitions of:
— compressor efficiency
— axial flow compressor
— stage
— rotor blades
— stator vanes
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2. Read the text for the second time and write out the words and word combinations you
don’t know. Try to guess their meaning from the context. Compare your notes with your
partners.

Compressors

A. The role of the compressor in a gas turbine engine is to provide a maximum of high-
pressure air which can be heated in the limited volume of the combustion chamber and
then expanded through the turbine. The energy that can be released in the combustion
chamber is proportional to the mass of air consumed; therefore the compressor is one
of the most important components of the gas turbine engine since its efficient operation
(maximum compression with minimum temperature rise) is the key to high overall
engine performance. The compressor efficiency will determine the power necessary to
create the pressure rise of a given airflow and will affect the temperature change which
can take place in the combustion chamber. Present-day compressors have compression
ratios approaching 15:1, efficiencies near 90 percent, and airflows up to approximately
350 Ib/s. (158.8 kg/s).

B. With the addition of a fan, total pressure ratio of 25:1 and mass airflows of over 1000
Ib/s (453.6 kg/s) have been achieved.
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C. All gas turbine engines use one of the following forms of compressors:
1. axial flow.
2. centrifugal flow.
The centrifugal-axial-flow compressor is a combination of the two, with operating

characteristics of both.

Axial-flow Compressor

IL.

D. The axial-flow compressor is made up of a series of rotating airfoils called rotor
blades and a stationary set of airfoils called stator vanes. As its name implies, the air
is being compressed in a direction parallel to the axis of the engine. A row of rotating
and stationary blades is called a stage. The entire compressor is made up of a series
of alternating rotor and stator vane stages. Some axial-flow designs have two or more
compressors or spools which are driven by separate turbines and are therefore free to

rotate at different speeds.

E. Axial compressors have the advantage of being capable to very high compression

ratios with relatively high efficiencies.

F. In addition, the small frontal area created by this type of compressor lends itself to
installation in high-speed aircraft. Unfortunately the delicate blading, especially toward
the rear, makes this type of air pump especially susceptible to foreign object damage.
Furthermore, the number of compressor blades and stator vanes (which can exceed
1000 in a large jet engine), the close fits required for efficient air pumping, and the
much narrower range of possible operating conditions, make this type of compressor
very complex and very expensive to manufacture. Modern manufacturing techniques
are bringing down the cost for small axial-flow compressors. For these reasons the
axial-flow design finds its greatest application where the demands of efficiency and
output predominate considerations of cost, simplicity, flexibility of operation, etc.
Most manufacturers utilize several dodges to increase flexibility and to improve the

operating characteristics of the axial-flow compressor.
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Comprehension Check

1. Work in pairs.
a) Fill in the diagram according to the first part of the text. Compare the results.
Compressors
I
| | | I |
Role Efficiency Characteristics Types of
of present-day | | o oressors
Compressors

b) Make up a diagram for the second part of the text and fill it in. Share information
with another pair.

2. a) Find the English equivalents to the following words and word combinations in the
text:

CTETEeHb CXKaTHUs 0CEBOI KoMIIpeccop HEHTPOOESKHBIN KOMITPECCOP
a’polMHAMHUYEeCKasi  MOBEPXHOCTh  JIONMACTh  KOMIUIEKT JIONATOK
Hacoc KackaJl (KoMIpeccopa) dbpoHTanbHAsS TTOBEPXHOCTH
CTYIIEHb  HAarHeTaHue TMOBPEXKJICHUE  JHANa3oH

IPUCTIOCOOIAEMOCTh IUIOTHAsl Tocajaka JeTaneu

b) Reproduce the context in which they are used.
3. Complete the following sentences using the ideas from the text.

. The main function of the compressor in a gas turbine engine is to ...
. It 1s compressor efficiency that determines ...
. The air in the axial-flow compressor is compressed in a direction ...

. The axial-flow compressor is made up of ...

1
2
3
4
5. Spools of the axial-flow compressor are free to rotate at different speeds because ...
6. The advantage of axial compressors is

7. One of its drawbacks is the delicate blading, which results in ...

8

. Axial-flow designs are mostly used where ...
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4. Work in pairs. Translate the following sentences into English and answer them
according to the text. Join another pair and compare the answers.

1. IToueMy KoMIipeccop SBISETCS OAHUM U3 HauOOJIee€ BAXKHBIX KOMIIOHEHTOB

ra3oTypOMHHBIX JIBUTaTENE?
. Uto onpenenser KII/[ kommnpeccopa?
. UTO Ha3pIBaeTCs CTYINEHBIO KOMITpEccopa?
. 3 gero cocrout komnpeccop?
. Kakumu npeumyiiectBamu 1 HelocTaTkaMy 00J1aaeT 0ceBoi kommpeccop?
. UTto nemaeT oceBoit KOMITPECCOP CIOKHBIM U JIOPOTOCTOSIIIIUM B U3TOTOBJICHUN?
. ’ne oceBoii koMIIpeccop HaXOAUT HauOoJIbIlIee MpUMEHEHNE?

N N BN

Language Focus

1. Match the English and Russian equivalents.

. since

. key

. affect

. approximately
. addition

. entire

. alternating

. design

. therefore

10. advantage
11. relatively

12. unfortunately
13. especially
14. furthermore

O 0 1 O D b~ W —

a. BIIUSTH

b. mpuOIU3UTENHHO
C. BECh

d. ocobenno

€. YepeayOLIHUNCA
f. cpaBHUTEIBHO
g. KOHCTPYKIIHS
h. moatomy

1. IPEUMYLIECTBO
J. COXKQJICHUIO

k. noGaBnenue

1. xkIrou

m. TTOCKOJIBKY

n. 6oJjree TOro

2. a) Find pairs of synonyms among the words:

to set free
to use
whole
modern

besides

overall

to consume
to release

in addition to

present-day

b) Explain them in English. If necessary refer to an English-English dictionary.
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3. Use the prepositions in the box to complete the sentences in the text. Translate the
text with the help of a dictionary in written.

of, for, in, with

Axial-flow compressors are dynamic rotating compressors that use arrays ... fan-
like airfoils to progressively compress the working fluid. They are used where there
is a requirement ... a high flows or a compact design. The arrays ... airfoils are set

. Tows, usually as pairs: one rotating and one stationary. The rotating airfoils, also
known as blades or rotors, accelerate the fluid. The stationary airfoils, also known as a
stators or vanes, turn and decelerate the fluid; preparing and redirecting the flow ... the
rotor blades ... the next stage. Axial compressors are almost always multistage, ... the
cross-sectional area ... the gas passage diminishing along the compressor to maintain
an optimum axial Mach number. Beyond about 5 stages or a 4:1 design pressure ratio,
variable geometry is normally used to improve operation.

4. a) Find pairs of antonyms among the words:

1. maximum a. narrow

2. under b. minimum
3. expansion c. output

4. rotating d. over

5. front e. simplicity
6. wide f. compression
7. input g. stationary
8. complexity h. rear

b) Mark the stress of all the words. Practise their pronunciation aloud.

5. Fill in the gaps with the suitable derivative of the word given in brackets, use the
suffixes in the box. Translate the text, define the main idea of it in one phrase.

-ing; -ly; -ed; -al; -able
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Axial compressors rely on (to spin) blades that have aerofoil sections,
similar to airplane wings. As with airplane wings in some conditions the blades can
stall. If this happens, the airflow around the (to stall) compressor can reverse

direction (violent). Each design of a compressor has an (to associate)

operating map of airflow versus (to rotate) speed for characteristics peculiar to
that type.

At a given throttle condition, the compressor operates somewhere along the
steady state running line. Unfortunately, this (to operate) line is displaced
during transients. Many compressors are fitted with anti-stall systems in the form of
bleed bands or

Another method is to split the compressor into two or more units, operating on separate

(to vary) geometry stators to decrease the likelihood of surge.

concentric shafts.

6. a) Match the English and Russian equivalents.

b) Choose 7-10 words and use them to make up sentences of your own:

A B

1. limited a. to become larger in size and filling more space

2. to determine b. to use a supply of smth such as time, energy, or fuel

3. efficiency c. not together

4. to expand d. all or every part of smth

5. to release e. able to do smth

6. to consume f. the process of putting a new system or piece of
equipment in its place and making it ready for use

7. set g. the ability to make changes or to deal with a situation
that is changing

8. separate h. to have more power, influence, or importance then other
things

9. to rotate 1. not allowed to go above a particular number, amount, or
level

10. entire j. smth that can be easily damaged or broken

11. capable k. easily influenced or affected by smth

12. installation 1. the ability to work well and produce good results

13. flexibility m. adjustment

14. delicate n. making a gas or liquid move into or out of smth

15. fit 0. to control or to officially decide smth

16. pumping p. a dishonest or clever way to avoid doing smth unpleasant

17. to predominate g. to move in a circle around a fixed central point

18. susceptible r. a group of things

19. dodge s. to let smth leave a place where they have been kept
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7. Translate the following sentences. Pay special attention to the marked words. Give

your own explanation of them.

1. Another design consideration in axial-flow compressor manufacturing is the

average stage loading.

2. This can be kept at a sensible level either by increasing the number of compression

stages (more weight/cost) or the mean blade speed (more blade/disc stress).

3. Although large flow compressors are usually all-axial, the rear stages on smaller

units are too small to be robust.
4. Consequently, these stages are often replaced by a single centrifugal unit.

5. Very small flow compressors often employ two centrifugal compressors, connected
in series.

6. Although in isolation centrifugal compressors are capable of running at quite
high pressure ratios (e.g. 10:1), impeller stress considerations limit the pressure

ratio that can be employed in high overall pressure ratio engine cycles.

Speaking

Below is a diagram illustrating the main types of gas compressors. Choose one type, do a
research and make a short report so that other students could compare the performances

and spheres of compressors application.
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Writing

Summarize the information from the text “Compressors”.

Use the following phrases. g\
4

(D As the title implies the article describes...

The article deals with...

The text is of interest to...

It is spoken in detail about...

It should be stressed that...

A mention should be made that...
The text is of great help to...

The difference between the terms ... and...

should be stressed.

It 1s discussed...
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UNIT 13

Centrifugal-Flow Compressor

Lead in

1. Distribute these words into the correct group.

impeller  manifold rirn chief  multiple single rugmedness
shoclt wave chief  =ztage diffuzser acceleration plenum
chamber  excessively double-entry rapid attribute  inefficient
flexibility  massive centrifugal simplicity double-entry  gas
turbine

construction

Reading

characteristics

1. Read the text and write a heading for each paragraph.

2. Fill in the diagram with missing information from the text.
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Compressors
Components
I I
Types
I I
Characteristics
| |
Advantages
[
Disadvantages

Application
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The Centrifugal-Flow Compressor

The centrifugal compressor consists basically of an impeller and a diffuser
manifold. Other components such as compressor manifold may be added to direct the
compressed air into the combustion chamber. As the impeller revolves at high speed,
air is drawn in at the eye. Centrifugal force provides high acceleration to this air and
causes it to move outward from the axis of rotation toward the rim of the rotor where it
1s ejected at high velocity and high kinetic energy. The pressure rise is produced in part
by expansion of the air in the diffuser manifold by conversion of the kinetic energy of

motion into static pressure energy.

The centrifugal compressors can be manufactured in a variety of designs including
single-stage, multiple-stage, and double-sided types. The centrifugal compressor has a
number of features to recommend its use in certain types of gas turbine engines. Chief
among its attributes are its simplicity, ruggedness, and low cost. Because of its massive

construction, it is much less susceptible to damage from the injection of foreign objects.

The centrifugal compressor is capable to relatively high compressor ratio per
stage. Above 80 percent efficiency may be reached with a compression ratio of 6 or 7
to 1. Above this ratio, efficiency drops off at a rapid rate because of excessively high
impeller tip speeds and attending shock-wave formation. This rules out this type of
compressor for use in larger engines since high compression ratios are necessary for
low fuel consumption. Some centrifugal-flow engines obtain somewhat higher ratios

through the use of multistage compressors.

Although the tip speed problem is reduced, efficiency is again lost because of
the difficulty in turning the air as it passes from one stage to another. Double-entry
compressors also help to solve the high-tip-speed problems, but this advantage 1s partially
offset by the complications in engine design necessary to get air to the rear impeller, and
by the requirement of a large plenum or air chamber, where the air from the inlet duct
is brought to a slower speed for efficient direction change and higher pressures. The

plenum chamber acts as a diffuser by which means the rear impeller can receive its air.

Because of the problems inherent in this type of design the centrifugal compressor
finds its greatest application on the smaller engines, where simplicity, flexibility of
operation and ruggedness are the principle requirements rather than small frontal area,

and ability to handle high air flows and pressures with low loss of efficiency.
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Comprehension Check

1. a) Answer the following questions.

. What does a centrifugal compressor consist of?

. What does centrifugal force provide?

. What is the pressure rise produced by?

. What types of design of a centrifugal compressor exist?

. What are the advantages of a centrifugal compressor?

AN L B W D

. Why is a centrifugal compressor much less susceptible to damage from foreign
object?

~

. When does the efficiency drop off at a rapid rate?

8. By means of what do some centrifugal-flow compressors obtain higher ratios?

b) Think of 3 more questions to the text.

2. Complete the following sentences using the ideas from the text.

1. Main parts of the centrifugal compressor are ...
. The pressure rise is partly generated by ...
. The centrifugal compressors has different designs such as ...
. Due to its massive construction, this type of compressor is far less susceptible to ...

. A compression ratio of 6 or 7 to 1 may result in ...

. The problem of efficiency has not yet solved because of ...

2
3
4
5
6. High compression ratios are necessary for ...
7
8. ... help to solve the high-tip-speed problems.
9

. The plenum chamber acts as ...

10. The centrifugal compressor is mostly used
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3. a) Match these English words with their Russian equivalents:

a) impeller manifold rim ruggedness tip ingestion stage
plenum chamber conversion eye inturn feature damage expansion

b)todrawin todirect torevolve tocause todropoff torule
out toobtain to offset to handle

c) susceptible capable chief attending partially inherent
single multiple outward

1) paGouee kojeco Kamepa CropaHusi  NpPU3HAK  paCIIMpPEHUE

MOBPEXKJICHHUE  MPEBpalllCHUE  OTBEPCTHE  KpPOMKa MIPOYHOCTH
3acachIBaHUE B CBOIO OY€pe/b CBOMCTBO  KOHUHMK  TPyOOIpPOBOI
CTYTEHb

2) mocturath  WMCKJIKOYaThb  YOPaBISATh  CHHMXKATh  BBI3bIBATH
BTATMBATh HAIPaBJISITh BpAllaTh KOMIIEHCHPOBATh

3) MHOXKECTBEHHBIM CIIOCOOHBIM HW3BHE YACTHYHO TIOJIBEP)KECHHBIN
MPUCYLIMNA [JIABHBIA  COIYTCTBYIOLIWN

b) Mark the stress of all the words in a) according to the part of speech they belong
to. Practise their pronunciation aloud.

4. a) Match verbs from the text with their definitions:

— to put something with another thing or group of things
— to make goods in large quantities in a factory
— to deliberately let something fall

— to balance the effect of something, with the result that there is no advantage or
disadvantage

— to stop considering something as a possibility

b) Choose any 5 English words from the banner and explain them.
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Language Focus

1. Find pairs of synonyms among the words.

. edge

. speed

. mainly

. a number of
. produce

. main

. quick

. get

0 3 N L AW N~

2. Find the antonyms among the words.

. low

. less

. rear

. slow

. outward
. inlet

. above
. efficient

03 O L AW N~

a. basically

b. velocity

C. rim

d. manufacture
e. variety of

f. rapid

g. obtain

h. chief

a. inward

b. more

c. below

d. front

e. outlet

f. quick

g. inefficient
h. high

3. a) Match the adjectives with their definitions:

. kinetic
. static

. certain
. chief

. massive
. rapid

. rear

~N N B W N

8. inherent

a. main or most important

b. very large or heavy

c. relating to, caused by, or producing movement
d. happening, moving, or acting quickly

e. at the back of smth

f. not moving or changeable

g. this quality 1s basic or essential feature that gives smth
its character

h. having no doubt that smth is true

b) Reproduce the context where they are used.
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4. Fill in the gaps using the words from the box. Note, there is one extra word! Translate
the sentences into Russian.

includes, an increase, forms, through, convert,

incompressible, contrast, deal, experience, greater

. Centrifugal compressors, (sometimes referred to as radial compressors) are a special

class of radial-flow work-absorbing turbomachinery that pumps, fans,
blowers and compressors.

. The earliest of these dynamic turbomachines were pumps, fans and
blowers.

3. What differentiates these early turbomachines from compressors is that the working

fluid can be considered thus permitting accurate analysis through
Bernoulli’s equation.

. In contrast, modern centrifugal compressors are higher in speed and analysis must

with compressible flow.

. For purposes of definition, centrifugal compressors often have density increases

than 5 percent.

. Also, they often relative fluid velocities above Mach 0.3 when the

working fluid is air or nitrogen.

.In , fans or blowers are often considered to have density increases of

less than 5 percent and peak relative fluid velocities below Mach 0.3

. In an idealized sense, the dynamic compressor achieves a pressure rise by adding

kinetic-energy/velocity to a continuous flow of fluid the rotor or
impeller.

. This kinetic energy is then converted to in static pressure by slowing

the flow through a diffuser.

5. Use the prepositions from the box to complete the sentences in the text. Translate
the text.
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Centrifugal compressors are used industry because they have fewer
rubbing parts, are relatively energy efficient, and give higher airflow than a similarly
sized reciprocating compressor (i.e. positive-displacement). Their primary drawback is
that they cannot achieve the high compression ratio reciprocating compressors

multiple stages. Centrifugal fan/blowers are more suited continuous-duty
applications such as ventilation fans, air movers, cooling units, and other uses that
require high volume little or no pressure increase. contrast, multi-stage
centrifugal compressors often achieve discharge pressures of 8,000 10,000
psi (59 MPa to 69MPa). One example an application centrifugal
compressors is their use re-injecting natural gas back oil fields to

increase oil production.

6. Fill in the gaps with the suitable derivative of the word given in brackets. Translate
the sentences.

-ing, -ly, -tion, -able, -ment, -ence, -ic, -ance, -al

Operating Limits

Many centrifugal compressors have one or more of the following (to operate)
limits:

Minimum Operating Speed — the minimum speed for (to accept) operation,
below this value the compressor may be controlled to stop or go into an “Idle”
condition.

Maximum (to allow) Speed — the maximum operating speed for the compressor.
Beyond this value stresses may rise above prescribed limits and rotor vibrations
may increase rapidly. At speeds above this level the (to equip) will likely become
very dangerous and be controlled to slower speeds.

Stonewall or Choke — occurs under one of 2 conditions. (Typical) for high speed
equipment, as flow increases the velocity of the gas/fluid can approach the gas/
fluid’s sonic speed somewhere within the compressor stage. This (to locate) may
occur at the impeller inlet “throat™ or at the vaned diffuser inlet “throat”. In most
cases, it is generally not (detriment) to the compressor. For low speed equipment,
as flows increase, losses increase such that the pressure ratio drops to 1:1.

Surge — 1s the point at which the compressor cannot add enough energy to

overcome the system (resist). This causes a rapid flow reversal (i.e. surge). As a
result, high vibration, temperature increases, and rapid changes in axial thrust can
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occur. These (occur) can damage the rotor seals, rotor bearings, the compressor
driver and cycle operation. Most turbomachines are designed to easily withstand
(occasion) surging. However, if the turbomachine is forced to surge repeatedly for
a long period of time or if the turbomachine is poorly designed, repeated surges can
result in a (catastrophe) failure. Of particular interest, is that while turbomachines
may be very durable, the cycles/processes that they are used within can be far less
robust.

Speaking

Work in pairs. Conduct a dialogue between a senior student and a freshman who
asks questions in order to get as much information as possible while discussing
similarities and distinctions of an axial-flow compressor and a centrifugal-flow
one. You should touch upon such items as:

* components

* characteristics
* preferences

* drawbacks

* sphere of application

Phrases below may help you to successfully conduct your dialogue:

a) for a senior student
— Hello! / Good morning! / Good afternoon!
— Can I help you? / What can I do for you ? / Are you interested in...?

— As far as | know you (are interested in).../ Let me tell you about .../ I want to
point out that .../ I would like to note that ...

— That’s a good question.../ I’'m not sure, but.../ It seems to me that...
— Do you know anything about...? / Would you agree with...?

— It was nice to meet you. / Hope to see you soon. / Good-bye.

b) for a freshman
— Hello! / Good morning! / Good afternoon!
— I find it hard to... / I have some problems with... / I’'m interested in...

— I would like to ask you about.../ Can you tell me.../ Can you describe...
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— Could you be more specific about...? / Can you give any examples?
— Thank you for your help.

— It was nice to meet you. / Hope to see you soon. / Good-bye.

c) for both students
— I quite agree.
— You are right.
— That’s true.
— Absolutely.
— No doubt about it.
— That’s just what I was thinking.
— I wish, I could agree but...
— I am not sure about it.
— I wouldn’t say that.
— Would you say that...?

Writing
Summarize the information given in the text “Centrifugal-flow compressors.” Use the
key-patterns from the section Writing of the previous unit.
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UNIT 14

Operation of the Combustion Chamber

Lead in

1. Look at the picture, which shows main components of a gas-turbine engine.

What role does each of these components perform in a combustion chamber?
What is the function of the combustion chamber?

2. Look through the text to check if your predictions were correct.

FUEL SPRAY  |GNITER TURBINE
AIR INTAKE /

“\j
\

] / NOZZLE
COMPRESSOR  «OMBUSTION CHAMBER

Reading

1. Divide the text into paragraphs. Give a title for each one. Choose the key words of
each part.

2. While reading make a graphic representation of the text.

Combustion
system
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Operation of the Combustion Chamber

Fuel is introduced at the front end of the burner in either a highly atomized
spray from specially designed nozzles, or in a prevaporized form from devices called
vaporizing tubes. Air flows in around the fuel nozzle and through the first row of
combustion air holes in the liner. The burner geometry is such that the air near the
nozzle stays close to the front wall of the liner for cooling and cleaning purposes,
while the air entering through opposing liner holes mixes rapidly with the fuel to form
a combustible mixture. Additional air is introduced through the remaining air holes in
the liner. The air entering the forward section of the liner tends to recirculate and move
upstream against the fuel spray. During combustion this action permits rapid mixing
and prevents flame blowout by forming a low-velocity stabilization zone which acts
as a continuous pilot for the rest of the burner. The air entering the downstream part
of the liner provides the correct mixture for combustion, and it creates the intense
turbulence that is necessary for mixing the fuel and air and for transferring energy
from the burned to the unburned gases.

Since there are only two igniter plugs in an engine, cross ignition tubes are
necessary in the can-annular types of burners in order that burning may be initiated in
the other cans or inner liners. The igniter plug is usually located in the upstream reverse-
flow region of the burner. After ignition, the flame quickly spreads to the primary or
combustion zone where there is approximately the correct proportion of air to completely
burn the fuel. If all the air flowing through the engine were mixed with the fuel at this
point, the mixture would be outside the combustible limits for the fuels normally used.
Therefore only about one-third to one-half is allowed to enter the combustion zone of
the burner. About 25 percent of the air actually takes place in the combustion process.
The gases that result from combustion have temperatures of 3560°F (1900°C). Before
entering the turbine the gases must be cooled to approximately half this value, which
is determined by the design of the turbine and the materials involved. Cooling is done
by diluting the hot gases with secondary air that enters through a set of relatively large
holes located toward the rear of the liner. The liner walls must also be protected from
the high temperature of combustion. This is usually accomplished by introducing air at
several stations along the liner, thereby forming an insulated blanket between the hot
gases and the metal walls.
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Comprehension Check

1. Match parts of the sentences in columns A and B.

A B
1. Fuel is introduced at the front | a. must also be protected from the high
end of the burner in either temperature of combustion.

2. Before entering the turbine | b.the primary or combustion zone where there
the gases is approximately the correct proportion of
air to completely burn the fuel.

3. The liner walls c. the first row of combustion air holes in the
liner.

4. After ignition, the flame | d. the remaining air holes in the liner.
quickly spreads to

5. Air flows in around the fuel | e. must be cooled to approximately half this
nozzle and through value, which is determined by the design
of the turbine and the materials involved.

6. Additional air is introduced | f. a highly atomized spray from specially
through designed nozzles, or in a prevaporized
form from devices called vaporizing tubes.

2. a) Give the Russian equivalents to the words and word combinations from the text.

A. air flow e fuel nozzles ¢ holes ¢ liner * burner ¢ for cooling and cleaning
purposes ¢ combustible mixture  flame blowout ¢ diluting ¢ low-velocity
stabilization zone < igniter plug ¢ cross-ignition tubes ¢ at this point °
combustible limits ¢ reverse-flow region ¢ materials involved ¢ diluting * an
insulated blanket

B. atomized ¢ prevaporized ° rapidly ¢ upstream

C. to introduce ° to tend to * to prevent ¢ to transfer ¢ to initiate * to spread ¢ to

take place ¢ to determine * to protect * to accomplish

b) Reproduce the context.
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3. Agree or disagree with the statements. Correct the wrong ones.

1) Fuel is introduced at the rear end of the burner in either a highly atomized spray
from specially designed nozzles.

2) Air flows in around the fuel nozzle and through the last row of combustion air
holes in the liner.

3) Highly pressurized gas is introduced through the remaining air holes in the liner.

4) During combustion this action permits slow mixing and prevents flame blowout
by forming a low-velocity stabilization zone.

5) The air entering the downstream part of the liner provides the correct mixture for
combustion.

6) Since there is only one igniter plug in an engine, cross ignition tubes are not
necessary in the can-annular types of burners in order that burning may be initiated in the
other cans or inner liners.

7) The igniter plug is usually located in the downstream reverse-flow region of the
burner.

8) If all the air flowing through the engine were mixed with the fuel at this point, the
mixture would be inside the combustible limits for the fuels normally used.

9) Before entering the turbine the gases must be cooled to approximately one third
this value.

10) The liner walls must also be protected from the high temperature
of combustion.

4. a) Answer the following questions.

. How is the fuel introduced to the combustion chamber?
. What is the burner geometry?

. What is a combustible mixture?

. How is a flame blowout prevented?

. What is turbulence necessary for?

. How many igniter plugs are there in an engine?

. Where are igniter plugs located?

0 3 N L bW

. When would the combustible mixture be outside the limits?

b) Think of three more questions and write them down.
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Language Focus

1. a) Find pairs of synonyms among the words

1. rapidly a. quickly
2. velocity b. begin
3. purpose C. aim

4. transfer d. fully

5. locate e. situate
6. completely f. transmit
7. initiate g. speed

b) Find pairs of antonyms among the words.

1. front a. downstream
2. forward b. rear

3. upstream c. backward
4. unburned d. primary

5. result from e. outer

6. inner f. burned

7. outside g. after

8. secondary h. result in

9. before 1. inside

c) Mark the stress of all the words in a) and b). Practise their pronunciation aloud.

2. a) Find words in the text that mean:

1. a narrow part at the end of a tube through which liquid flows.
2. an occasion when a flame suddenly stops to blow.

3. sudden violent movements of air or water.

4. making a liquid less strong by adding water or another liquid.

5. a thick layer of something.
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3. There are some words in bold in the text. Explain their meaning according to the context.

4. Use the prepositions in the oval to complete the sentences in the text. Translate the
text with the help of a dictionary in written.

at, in, through, of, for, to, through, from

Combustion Chamber GE J79

Flame fronts generally travel  just Mach 0.05, whereas air flows
jet engines are considerably faster than this. Combustors typically employ structures
to give a sheltered (3akpsiTas) combustion zone called a flame holder. Combustor
configurations include can, annular, and can-annular.

Great care must be taken to keep the flame burning =~ a moderately fast
moving airstream, at all throttle conditions, as efficiently as possible. Since the turbine
cannot withstand stoichiometric temperatures (a mixture ratio of around 15:1), some

the compressor air is used to quench the exit temperature of the combustor to an
acceptable level (an overall mixture ratio  between 45:1 and 130:1 is used). Air
used  combustion is considered to be primary airflow, while excess airused
cooling is called secondary airflow. The secondary airflow is ported  many small
holes  the burner cans to create a blanket  cooler air to insulate the metal
surfaces of the combustion can  the flame. If the metal were subjected ~ the
direct flame for any length of time, it would eventually burn through.

5. a) Collocate words 1in the table.

A B
1. atomized blowout
2. vaporizing zone
3. cooling turbulence
4. combustible tube
5. flame plug
6. stabilization spray
7. intense region
8. igniter involved
9. reverse-flow mixture
10. materials air
11. secondary purpose
12. insulated blanket

b) Make up sentences with these word combinations in written.
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6. Fill in the gaps using the words from the oval. Note, there is one extra word! Translate
the text into Russian in written.

nozzle, liner, streams, manifold, spark, injector, atomizer

A firing chamber is the chamber of a rocket engine in which the fuel and the
oxidizer burn to produce high pressure gas expelled from the engine ~ to provide
thrust. To begin with, the fuel and oxidizer pass (separate) through a complex
in which each component is broken down into smaller and smaller flow |, in the
same way that arteries in the body divide into increasingly small capillaries. Then the
propellants are injected into the combustion chamber viathe ~~ —aplate at the top of
the chamber which takes the small flow streams and forces them throughan . The
purpose of the injector is to mix the fuel and oxidizer molecules as thoroughly and evenly
as possible. Once mixed, the fuel and oxidizer are ignited by the intense heat inside the
chamber. To start the combustion, an ignition source (such as an electric ) may be
needed. Alternatively, some propellants are hypergolic — they spontaneously combust
on contact — and do not need an ignition source.

7. The text below contains 10 spelling mistakes. Find and correct them.

Incamplete combustion (a state in wich not all the fuel in the combustion chamber
burns) may rezult from inadequate chamber design, or it may be deliberately designed
into the sistem so that the unburned fuel akts as a chamber coolant. Generaly, incomplete
combustion is indicative of a system not functioning efficienty.

Combustion chamber is a space over, or in front of, a boilar furnace where the
gases from the fire becomes more thoroughly mixed and burnt. The clearance space in
the cylinder of an internal combustion engine is compresed and ignited.

Speaking

Work in pairs. Conduct a dialogue between a senior student and a freshman who asks
questions in order to get as much information as possible on operation of a combustion
chamber. You should touch upon such items as:

* introducing of fuel

* air circulation

* mixing the fuel and the air
* 1gnition

* resultant gases

* protection from high temperature of combustion
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Phrases below may help you to successfully conduct your dialogue:

a) for a senior student

— Hello! / Good morning! / Good afternoon!
— Can I help you? / What can I do for you ? / Are you interested in...?

— As far as | know you (are interested in).../ Let me tell you about .../ I want to
point out that .../ I would like to note that ...

— That’s a good question.../ I’m not sure, but.../ It seems to me that...
— Do you know anything about...? / Would you agree with...?

— It was nice to meet you. / Hope to see you soon. / Good-bye.

b) for a freshman

— Hello! / Good morning! / Good afternoon!

— I find it hard to... / I have some problems with... / I’'m interested in...

— I would like to ask you about.../ Can you tell me.../ Can you describe...
— Could you be more specific about...? / Can you give any examples?

— Thank you for your help.

— It was nice to meet you. / Hope to see you soon. / Good-bye.

c) for both students

— The point is...

— It seems to me...

— As for me...

— I am sure. (I am not sure)
— I wouldn’t say that...

— On the contrary...
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Writing

Summarize the information given in the text “Operation of the combustion chamber™.
Use the following phrases:

As the title implies the article describes...

The article deals with...

The text is of interest to...

It is spoken in detail about...

It should be stressed that...

A mention should be made that...

The text is of great help to...

The difference between the terms ... and... should be stressed.

It 1s discussed...
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UNIT 15

Supersonic Ducts

Lead in

1. Answer the following questions.
1. What does the term “duct” mean?
2. What types of ducts have you read or learnt before?
3. How is each of the ducts mentioned by you designed?

2. Match the keywords with their Russian equivalents.

1. supersonic a. yllapHasi BOJIHa, CKa4OK YIIJIOTHEHHUSI
2. transonic b. 3arnareiBaTh

3. subsonic C. TPaTUTh BITYCTYIO

4. overhaul d. xapakTepucTuKu

5. performance €. 103BYKOBOU

6. shock wave f. amopTHu3upyromas urina

7. buzz g. mepepaboTKa, pEMOHT, pa30opka
8. accomplish h. ryasmmii 3Byk

9. spike 1. HAKJIOHHBIN, HETIPSIMOM, KOCOMH
10. establish J. yroa

11. oblique k. yctanaBnuBath

12. angle l. cBepx3BYKOBOM

13. occur m. OKOJIO3BYKOBOM

14. waste N. BBIIOJIHATh

15. swallow 0. POUCXOIUTH, UMETh MECTO
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Reading

1. Read the text and highlight the ideas not mentioned in the discussion.

Supersonic Ducts

A. The supersonic inlet duct must operate in three speed zones: subsonic, transonic,
supersonic.

B. Although each of these speed zones needs a slightly different inlet duct design, good
overhaul performance can be achieved by designing the supersonic shape with some
modifications.

C. The supersonic duct problems start when the aircraft begins to fly at or near the speed
of sound. At these sonic speeds shock waves are developed which, if not controlled,
will give high duct loss in pressure and airflow, and will set up vibrating conditions in
the inlet duct called inlet buzz. Buzz is an airflow instability caused by the shock wave
rapidly being alternately swallowed and expelled at the inlet of the duct.

D. Air which enters the compressor section of the engine must usually be slowed to
subsonic velocity, and this process should be accomplished with the least possible
waste of energy. At supersonic speeds the inlet duct does the job by slowing the air
with the weakest possible series or combination of shocks to minimize energy loss and
temperature rise.

E. At transonic speeds (near Mach 1), the inlet duct 1s usually designed to keep the shock
waves out of the duct. This is done by locating the inlet duct behind a spike or probe so
that at airspeeds slightly above Mach 1.0 the spike will establish a normal shock (bow
wave) in front of the inlet duct. This normal shock wave will produce a pressure rise
and a velocity decrease to subsonic velocities before the air strikes the actual inlet duct.
The inlet will then be a subsonic design behind a normal shock front. At low supersonic
Mach numbers, the strength of the normal shock wave is not too great, and this type of
inlet is quite practical. But at higher Mach numbers the single normal shock wave is
very strong and causes a great reduction in the total pressure recovered by the duct and
an excessive air temperature rise inside the duct.

F. At slightly higher airspeeds the normal bow wave will change into an oblique shock.
Since the air velocity behind an oblique shock is still supersonic, to keep the supersonic
velocities out of the inlet duct, the duct will need to set up a normal shock wave at the
duct inlet. The airflow is controlled so that the air velocity at the duct inlet is exactly
equal to the speed of sound. At this time the duct pressure rise will be due to: 1) an
oblique shock pressure rise; 2) a normal shock pressure rise; 3) a subsonic diverging
section pressure rise.
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G. As the airspeed is increased, the angle of the oblique shock will be forced back by the
higher air velocity until the oblique shock contacts the outer lip of the duct. When this
occurs there will be a slight increase in thrust due to an increase in engine inlet pressure
airflow, because the energy contained in the shock front is now enclosed within the duct
and delivered to it with less pressure loss. This point is called the duct recovery point.

H. At high Mach numbers (about 1.4 and above) the inlet duct must set up one or
more oblique shocks and a normal shock. The oblique shocks will slow the supersonic
velocities, the normal shock will drop the velocity to subsonic then the subsonic section
will further decrease the velocity before the air enters the compressor. Each decrease in
velocity will produce a pressure rise.

Comprehension Check

1. Find in the text the English equivalents to the phrases:

OyayT co3naBaTh BUOPAIIMOHHBIE YCIOBHSI; TOUYKA BOCCTAHOBIICHUS J1aBJICHUS
B KaHaJIe; yIapHas BOJIHA [TIONIEPEMEHHO 3aIJIaThIBACTCS UM BBHITAJIKUBACTCSA
Ha BXOJIE B KAHAJI; YIEPKUBATh yIapHYIO BOJIHY BHE COILIA

2. a) In the text find definitions of:
—buzz

— duct recovery point

b) Give your own explanation of the terms:
—normal shock wave

— oblique shock
3. Say if the statements are true or false. Correct the false once.

1. The supersonic duct problems start when the aircraft begins to fly at transonic
speed.

2. The normal shock wave will produce a pressure rise and a velocity decrease to
subsonic velocities after the air strikes the inlet duct.

3. The lower the supersonic Mach numbers, the higher the strength of the normal
shock wave.

4. At higher Mach numbers the single normal shock wave is strong.

5. The duct will need to form a normal shock wave at the duct inlet to keep the

supersonic velocities out of the inlet duct.
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4. a) In the text find definitions of:
1. In what zones must the supersonic inlet duct operate?
2. When are shock waves developed?
3. What affect is caused by shock wave appearance?
4. When is the single normal shock wave strong?

5. What is the reason of the duct pressure rise?

b) Put 3 more questions to the text:

Language Focus

1. Highlight all the prepositions in the text.

2. a) Distribute them into the columns according to the meaning they contain in parts
A-H2. a) Distribute them into the columns according to the meaning they contain in
parts A-H.

Merely
Parts | Direction | Phrasal verbs Time grammatical ?
relations

== N NN R - e BRI

b) Think of an additional column and entitle it. Fill it in with the necessary
prepositions.

c) Add 1-5 more examples and give their meaning using reference materials.
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3. Fill in the gaps with the prepositions from the box below. Translate the sentences.

in; of (2); at; into; by; before; out; with; to (2); until

1. The starting a turbojet, or any other gas-turbine engine, requires that the
engine be rotated a speed which will provide sufficient air fuel combustion and
that the engine be accelerated the point where the power developed the

turbine is adequate for engine self-rotation.

2. After combustion commences (light-off) the starter continuous to supply torque
the engine engine speed reaches a predetermined level where engine is
sufficient to maintain acceleration.

3. Early German engines averaged only ten hours of operation _ failing
often chunks of metal flying ~ theback  the engine when the turbine
overheated.

4. For a time some US jet engines included the ability to inject water  the

engine to cool the compressed flow before combustion, usually during takeoft.

5. most turbojet-powered aircraft, bleed air is extracted from the compressor

section at various stages to perform a variety of jobs.

4. a) Combine the noun “air” with other nouns to make up new words or word
combinations.

b) Explain their meaning.

flow

air
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Speaking

Work in pairs:

a) Discuss the inlet duct design and its operation in three speed zones:
— Group A — in subsonic
— Group B — in transonic
— Group C — in supersonic

b) Draw a picture of the inlet duct peculiar for each zone.
— Group A — for subsonic
— Group B — for transonic
— Group C — for supersonic

c¢) Work with two other partners. Share the information you have. Compare the design
and operation of the inlet duct in all three zones. Make up a table.

Writing

Summarize the information given in the text. Use the key-patterns.

The text covers the problem...

The article/text carries material on...

The paragraph deals with...

The text provides the reader with some data/information on...

It is interesting to note...

The information presented is of interest to...
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UNIT 16

Inlet Ducts

A

R

<)
- .i"“f-'II
j‘ﬂn.

1. a) What role does the inlet duct perform during the flight?

b) What types of Inlet Ducts do you know?

2. Scan the text to see if your predictions were correct.

Reading

a) Look through the text and find definitions of:

— the duct pressure efficiency ratio;

— the ram recovery point;

— a bellmouth inlet;

b) Explain the meaning of the words in bold from the context.

Inlet Ducts

Air inlet duct is normally considered an airframe part and made by the aircraft

manufacturer. During flight operations it becomes very important to the overall jet engine

performance, and will greatly influence jet engine thrust output. The faster the airplane
goes, the more critical the duct design becomes. Engine thrust can be high only if the
inlet duct supplies the engine with the required airflow at the highest possible pressure.
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The inlet duct must operate from static ground run up to high aircraft Mach
numbers with a high duct efficiency at all altitudes, attitudes, and flight speeds. To
compound the problem, the amount of air required by a turbojet engine is approximately
10 times or more than that of a piston engine of comparable size.

Inlet Ducts should be as straight and smooth as possible, and should be designed in
such a way that the boundary layer air (a layer of still, dead air lying next to the surface)
be held to the minimum. The length, shape, and placement of the duct is determined to
a great extent by the location of the engine in the aircraft.

Not only must the duct be large to supply the proper airflow, but it must be
shaped correctly to deliver the air to the front of the compressor with an even pressure
distribution. Poor air pressure and velocity distribution at the front of the compressor
may result in compressor stall.

Another primary task a duct must do during flight operation is to convert the
kinetic energy of the rapidly moving inlet stream into a ram pressure rise inside the duct.
To do this it must be shaped so that the ram velocity is slowly and smoothly decreasing,
while the ram pressure is slowly and smoothly rising.

Inlet Ducts are rated in two ways: the duct pressure efficiency ratio and the ram
recovery point. The duct pressure efficiency ratio is defined as the ability of the duct to
convert the kinetic or dynamic pressure energy at the inlet of the duct into static pressure
energy at the inlet of the compressor without a loss in total pressure. It will have a high
value of 98 percent if the friction loss is low and if the pressure rise is accomplished with
small losses. The ram recovery point is that aircraft speed at which the ram pressure rise
is equal to the friction pressure losses, or that airspeed at which the compressor inlet
total pressure is equal to the outside ambient air pressure. A good subsonic duct will
have a low ram recovery point (about 160 mph (280km/h)).

Inlet Ducts may be divided into two broad categories: subsonic ducts and supersonic
ducts.

It is interesting to note that the engine manufacturers rate their engines using a
bellmouth inlet. This type of inlet is essentially a bell-shaped funnel having carefully
rounded shoulders, which offer practically no air resistance. The duct loss is so small
that it is considered zero, and all engine performance data can be gathered without any
correction for inlet duct loss being necessary. Normal duct inefficiencies may cause thrust
losses of 5 percent or more because a decrease in duct efficiency of 1 percent will decrease
airflow 1 percent, decrease jet velocity Y2 percent, and result in 1 % percent thrust loss. The
decrease in jet velocity occurs because it is necessary to increase the area of the jet nozzle
in order to keep the turbine temperature within limits when duct losses occur.
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Comprehension Check

1. The diagram below contains main issues of the text. But the blocks in the first row
are jumbled.

a) Put them into the right order according to the contents of the text.

b) Fill in the diagram with the correct information.

inlet ducts

role work | |characteristics || configuration types

2 a) Find the English equivalents to the following words and word combinations in the
text:

a) ysI3BUMBIH POBHBIN BHEITHUN
HEIIOABUXKHBIN IIAQBHO

b) yucao Maxa IIOAOXKEHUE pacrpeaeseHue
CPBIB KOMIIpeccopa OCHOBHas 3aJa4a
CKOPOCTHOM IIOTOK COIIPOTHUBAEHUE TpeHUue
TOYKAa BOCCTAHOBAEHUSI CKOPOCTHOIO IIOTOKA
IPaHUYHBIN CcAOM Bo3ayxa IIOTEPU B JOIIYCTUMBIX
npeaesax

C) AAd TOTO 4TOOBI  TaKUM 00pasoM 10 CYLIECTBY

d) cBOOUTHCH K [OCTaBASTH  obOecriedyuBaTh
IIPUBECTU K yaepXarThb POUCXOOUTH (CAyYaTHCH)
OIIpeneAsaTh(cH)

b) What do they refer to? Say about it in your own words.
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3. a) Answer the following questions:

1. What 1s the significance of the inlet duct?

2. What conditions must the inlet duct operate in?
3. How is the inlet duct to be designed?

4. Where does the inlet duct deliver the air?
5. What is one of the primary tasks of the inlet duct?
6. How are Inlet Ducts rated?
7. What categories may Inlet Ducts be divided into?

b) Think of 3 more questions and write them down.

Language Focus

1. Match the equivalents.

2. a) Find pairs of synonyms among the words.
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1
|
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|
2
3
4
5
6.
7
8
9
1

A
. approximately
. comparable size
. in such a way
. result in
. high value
. to be equal to
. offer resistance
. without any correction
. cause
0. in order to
1. within limits

. occur
. convert

. duct

. attitude

. amount
shape

. extent

. location

. determine
0. correct

B
a. JIUI TOTO, YTOOBI
b. npubnu3uTEIHHO
C. COIIOCTaBUMBIN pa3Mep
d. BbICOKOE 3HaUECHHE
€. BBI3BIBATH
f. Takum oOpazom
g. B IOMYCTUMBIX TpEeeIax
h. npuBoUTH K
1. OKa3bIBaTh COMPOTHUBIICHUE
J. OBITH paBHBIM YeMY-JIH00
k. 6e3 kakux-1100 NonpaBoK

a. right
b. define

c. take place
d. transform
e. nozzle

f. placement
g. degree

h. position
1. form

k. value
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b) Find pairs of antonyms among the words.

1. supersonic a. outlet

2. increase b. secondary
3. inlet c. outside

4. primary d. without

5. inside e. decrease

6. with f. subsonic

7. result in g. result from

c) Mark the stress of all the words according to the part of speech they belong to.
Practise their pronunciation aloud.

3. a) Match the verbs with their definitions.

A B

1. to influence a. to provide someone or smth with smth that they need
or want

2. to cause b. to change from one system, use, or method to another

3. to supply c. to consider that smth has a particular quality or has
achieved a particular standard or level

4. to convert d. to succeed in doing smth, especially smth that you have
been trying for a long period of time

5. to rate e. to affect smth happens

6. to accomplish f. to lead to

b) Complete the sentences, using the verbs above.

1. The nozzle guide vanes must part of the gas heat and pressure energy
into dynamic and kinetic energy.

2. The nozzle small exit area slower acceleration of the engine.

3. The second function of the nozzle that of turning the gases so that they strike the
turbine blades at the correct angle is by setting the blades at a specific
angle to the axis of the engine.

4. Some pieces of new equipment will be in a month.

5. Our company is as one of the most reliable.

6. What were the factors that you to sign this contract?
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4. Fill in the gaps using the words from the box. There is one extra word! Translate the
text into Russian.

supersonic; subsonic; decrease; shockwaves; minimize; increase

Air intake (Inlet) — The standard reference frame for a jet engine is the aircraft itself.
For aircraft, the air intake to a jet engine presents no special difficulties,
and consists essentially of an opening which is designed to drag, as with
any other aircraft component. However, the air reaching the compressor of a normal
jet engine must be travelling below the speed of sound, even for aircraft,
to sustain the flow mechanics of the compressor and turbine blades. At supersonic
flight speeds, form in the intake system and reduce the recovered pressure
at inlet to the compressor. So some supersonic intakes use devices, such as a cone
or ramp, to pressure recovery, by making more efficient use of the shock
wave system.

5. Use the prepositions in the box where it is necessary to complete the sentences in the
text. Translate the text in writing.

to; of; for; into; throughout; on; from; until

There are basically two forms of shock waves:

1) Normal shock waves lie perpendicular the direction the flow.
These form sharp fronts and shock the flow subsonic speeds. Microscopically
the air molecules smash the subsonic crowd molecules like alpha rays. Normal

shock waves tend to cause a large drop in stagnation pressure. Basically, the higher the

supersonic entry Mach number a normal shock wave, the lower the subsonic exit
Mach number and the stronger the shock (i.e. the greater the loss in stagnation pressure
across the shock wave).

2) Conical (3-dimensional) and oblique shock waves are angled rearwards, like
the bow wave  a ship or boat, and radiate  a flow disturbance such as a
cone oraramp. _ a given inlet Mach number, they are weaker than the equivalent
normal shock wave and, although the flow slows down, it remains supersonic
Conical and oblique shock waves turn the flow, which continues in the new direction,
another flow disturbance is encountered downstream.
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6. a) Using appropriate suffixes, transform the words in the table below into new ones as
in the example. Fill the gaps in the text with a suitable derivative.

More (1) supersonic intakes are designed to have a normal shock in the
ducting downstream of intake lip, so that the flow at (2) entry is always subsonic.
However, if the engine is throttled back, there is a (3) in the (4)

airflow of the LP compressor/fan, but (at supersonic conditions) the corrected airflow
at the intake lip remains constant, because it is determined by the flight Mach number
and intake incidence/yaw. This (5) is overcome by the normal shock moving
to a lower cross-sectional area in the ducting, to decrease the Mach number at entry to
the shockwave. This (6) the shockwave, improving the overall intake pressure
(7) . So, the absolute airflow stays constant, whilst the corrected airflow at
compressor entry falls (because of a (8) entry pressure). Excess intake airflow
may also be dumped overboard or into the exhaust system, to prevent the conical/oblique
shock waves being disturbed by the (9) shock being forced too far forward by

engine throttling.

1 ADVANCE

COMPRESS compressor noun
REDUCE
CORRECT

A W DN

DISCONTINUE
WEAK
RECOVER
HIGH

NORM

O | 0| | &N O

b) Mark the suffixes in the second column above. In the third column write down
what part of speech a word in italics belongs to.

c) Say what information the text provides the reader with. Use no more than 2
sentences.
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Speaking

Work in pairs. Use the information from the Internet and from this unit to speak on:

Student A: subsonic ducts

Student B: supersonic ducts.

Cover the following items:
* background

* characteristics

* configuration

* advantages

Work in pairs and compare the subsonic and supersonic ducts. Use the phrases

below:

— I’d like to tell you

— I’d like to add

— It’s quite right

— It’s quite on the contrary

— If ’m not mistaken

124



AHenutickul 53bIK 05151 cmydeHmo8 aspoKOCMUYECKO20 rpouris

UNIT 17

Turbine

Lead in

1. Discuss the following questions.
a) What is the role of the turbine in an engine?
b) What are its main components?

¢) How many types of turbines do you know? Where are they used?
2. Look through the text and choose the suitable title for it:

1. Turbine Operation
2. Turbine Construction
3. Types of Turbines

Reading 1

Read the text below and say which paragraph (A-F) tells you about:

1. Operations the blades undergo before their certification.
2. Work and use of multistage turbine.

4. Shrouded and unshrouded blades.

5. The turbine wheel.

6. The turbine assembly.

7. Cooling.
125



AHenudckul 3bik 0511 cmy0eHmoe8 aspoKOCMUYECKO20 rnpoghusis

A. The turbine wheel is one of the most highly stressed parts of the engine. Not only
must it operate at temperatures of approximately 1800°F (982°C), but it must do so
under centrifugal loads imposed by high rotational speeds of over 60,000 rpm for small
engines to 8,000 rpm for the larger ones. Consequently, the engine speed and turbine
inlet temperature must be accurately controlled to keep the turbine within safe operating

limats.

B. The turbine assembly is made of two main parts, the disk and the blades. The disk
or wheel is a statically and dynamically balanced unit of specially alloyed steel usually
containing large percentages of chromium, nickel, and cobalt. After forging, the disk
1s machined all over and carefully inspected using X-rays, sound waves, and other
inspection methods to assure structural integrity. The blades or buckets are attached
to the disk by means of a “fir tree” design to allow for different rates of expansion
between the disk and the blade while still holding the blade firmly against centrifugal
loads. The blade is kept from moving axially either by rivets, special locking tabs or
devices, or another turbine stage. As the wheel is subjected to both high speed and high
temperatures, blades can be easily deformed by growing in length (a condition known
as creep) and by twisting and changing pitch. Since these distortions are accelerated by
exceeding engine operating limits, it is important to operate within the temperature and

rpm points set by the manufacturer.

C. Some turbine blades are open at the outer perimeter, whereas in others a shroud is
used. The shroud acts to prevent blade-tip losses and excessive vibration. Distortion
under high loads, which tend to twist the blade toward low pitch, is also reduced. The
shrouded blade has an aerodynamic advantage in that thinner blade sections can be
used and tip losses can be reduced by using a knife-edge or labyrinth seal at this point.
Shrouding, however, requires that the turbine run cooler or at a reduced rpm because of
the extra mass at the tip. On blades that are not shrouded, the tips are cut or recessed to
a knife edge to permit a rapid “wearing-in” of the blade tip to the turbine casing with a

corresponding increase in turbine efficiency.

D. Blades are forged from highly alloyed steel and are passed through a carefully
controlled series of machining and inspection operations before being certified for use.
Many engine manufacturers will stamp a “moment weight” number on the blade to
retain rotor balance when replacement is necessary.
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E. The temperature of the blade is usually kept within limits by passing relatively
cool air bled from the compressor over the face of the turbine, thus cooling the disk
and blade by the process of convection. This method of cooling may become more
difficult, as high Mach number flights develop high compressor inlet and outlet

temperatures.

F. Some gas turbine engines use a single-stage turbine, whereas other employ more
than one turbine wheel. Multistage turbines are used where the power required to drive
the compressor would necessitate a very large turbine wheel. Multistage wheels are
also used for turboprops where the turbine has to extract enough power to drive both
the compressor and the propeller. When two or more turbine wheels are used, a nozzle
diaphragm is positioned directly in front of each turbine wheel. The operation of the
multistage turbine is similar to that of the single stage, except that the succeeding stages
operate at lower gas velocities, pressures, and temperatures. Since each turbine stage
receives the air at a lower pressure than the preceding stage, more blade area is needed
in the rear stage to assure an equitable load distribution between stages. The amount of
energy removed from each stage is proportional to the amount of work done by each

stage.

Comprehension Check

1. Find the English equivalents to the following words and word combinations.

B [Ipe/ieflax  MPOLIEHTHOE COOTHOIIEHHE COOTBETCTBYIOIIEE
YBEIMYEHHE  PABHOMEPHOE pacIpesiesieHue Harpy3Ku
OCTaBIINECS TypOUHBI SKCTpEMaJIbHBIE YCIIOBUSL ~ HamOolee
HaIpsDKEHHBIC YACTU TIPU CHUJIBHBIX IIEHTPOOEIKHBIX HArpy3Kax
B Ipejienax 0e30MacHbIX SKCIUTYaTAllMOHHBIX PEKUMOB

JUTsl 00ECTIEUEeHHS CTPYKTYPHOM IIEJIOCTHOCTH
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2.

Look at these three figures. What does each of them illustrate?

0602008

Fig. 1

a) Name all the components of the device in Figure.1.

Fig. 2

b) What do you know about the device in Figure 2?

c) What part of the text does Figure 3 correspond to? Prove your answer.

3. Complete the sentences. If necessary refer to the text.

l.

2.
3.
4.

5.

6.
7.
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The engine speed and turbine inlet temperature must be accurately controlled

After forging, the disk is machined all over and carefully inspected using
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the process of convection.
Multistage turbines are used where would necessitate a very large turbine
wheel.
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4. Work in a group of three.

Group 1: make up questions (5-7) for parts A-C
Group 2: make up questions for parts D-F.

Ask each other questions on the parts you worked on and answer your partner’s questions.

Reading 2
Read the text and guess the meaning of the words in bold.

With a few exceptions, gas turbine manufacturers have concentrated on the axial-
flow turbine although some manufactures are building engines with a radial inflow
turbine. The radial inflow turbine has the advantage of ruggedness and simplicity, and
is relatively inexpensive and easy to manufacture when compared with axial-flow type.
On this type of turbine, inlet gas flows through peripheral nozzles to enter the wheel
passages in an inward radial direction. The speeding gas exerts a force on the wheel
blades and then exhausts the air in an axial direction to the atmosphere. These turbine
wheels used for small engines are well suited for a lower range of specific speeds and
work at relatively high efficiency.

The axial-flow turbine is comprised of two main elements consisting of a set of
stationary vanes and one or more turbine rotors. The turbine blades themselves are of
two basic types, the impulse and the reaction. The modern aircraft gas turbine engine
utilizes blades which have both impulse and reaction section.

The stationary part of the turbine assembly consists of a row of contoured vanes
set at an angle to form a series of small nozzles which discharge gases into the blade of
the turbine wheel. For this reason, the stationary vane assembly is usually referred to as
the turbine nozzle, and the vanes themselves are called nozzle guide vanes.

Comprehension Check

1. Name types of turbines mentioned in the text.
2. Show the flow of gas in the radial-inflow turbine.

3. a) Which of the two graphs below better reflects the content of the text? Discuss it
with your partner. If neither, draw your own graph.
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b) Fill in the chosen graph with the words or phrases from the text.

c) Compare the results with your peers from another group. If necessary make some

changes. The phrases below may be useful: g\
vy
-
. _ First of all I'd like to...

— I am arguing against...

— It 1s rather surprising...

— It 1s worth pointing out...

— Oh, let me think for a moment...

— Actually, I don’t know...

— Well, now...
A
L
I.
types
of turbines
radial- ial-fl
design advantages
features
I1. types
of turbines
| |
I |
radial- axial-flow
inflow
I 1 . 1
design design advantages
features features
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Language Focus

1. a) Using the suffixes from the right, form adjectives from the nouns below. More than

one variant is possible.
control
shroud
proportion

rotation

excess
care
alloy

advantage

-ous
-al

-ful

-less
-able

-1ve

b) Mark the stress of all the words. Practise their pronunciation aloud.

2. a) Find the right prepositions for each verb. There may be more than one combination!

b) Explain their meaning.

¢) Which sentences in the text illustrate their use?

d) For the rest of the combinations give your own examples.
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to keep by

to attach into

to tend up

to convert to

to forge upon

to subject from
within

3. Fill in the gaps using the words from the oval. There is one extra word!

hot to cause combustion wheel seriously raise turbine
uncommon vibratory to flow various rim to encounter

Among the most stressed components in a gas-turbine engine is the
turbine wheel. The buckets of the wheel are subjected to high centrifugal stresses and
to a fluctuating stream of gases which temperature and may, at the
same time, introduce stresses. The disk of the is subjected to heat by
conduction from the buckets and may, in some cases, be directly heated by the
gases. Temperatures of over 1500° F are not near the of the first-
stage turbine disk. Where there is more than one disk in an engine, the second
and third-stage disks do not such high temperatures. Turbine disks are often
cooled by means of air bled from the compressor section and directed through
passages to around the turbine disk.

4. a) Find the right words to fill the table. The first line has been done for you.

Verb Translation Noun Translation
1. to flow npomexKama flow HOMOK
2. to force force cuiia
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3. to exhaust exhaust

4. to use use

5. to work work pabora
6. to set YCTAHABIIUBATh set

7. to assemble assembly

8. to form form dbopma
9. to discharge paspspKaTh discharge

10. to sound sound 3BYK

b) What part of speech do the words in bold belong to?
Translate the sentences.

1. By reason of the rapid expansion, the heated air and combustion products at

increased velocity force their way through the only exit from chamber.

2. Thrust is an applied force tending to produce motion in a body or to alter the

motion of a body.

3. These vanes direct the flow to the appropriate angle of attack for the blades on the
periphery of the turbine wheel.

4. In that position the valve allows the oil to flow from the engine through the transfer
rings.
5. Internal combustion engines use any fuels that can be combined with an oxidizer

in the chamber.

6. Extensive use of titanium in the front part of the compressor and high-nickel steel

alloys in the rear is made.
7. Daimler’s new engine set the basis for all car engines going forward.

8. The axial-flow turbine is comprised of two main elements consisting of a set of

stationary vanes and one or more turbine rotors.

9. The pattern of sound from a jet engine makes the noise problem even more
bothersome than that coming from other types of engine.
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Speaking

1. Use the information of this unit and from Internet to make a diagram on Turbine

Construction.

2. Compare your diagram with the diagrams of your partner. Choose the diagram which

better reflects the topic. Fill it in.

3. Speak on Turbine Construction using your diagram. The phrases below may be useful.

G

(B
—I’d like to begin with...

— The subject I’m going to speak about is ...
— It should be emphasized that ...

— Let me now turn to ...

— On the one hand ..., on the other hand ...

— In conclusion let me say ...

R
Writing

The text describes the fir-tree design of blade attachment to the disk. It is considered
to be the most appropriate and the most widely used attachment. Do a search on other
types of the blade attachment. Compare them with the fir-tree design. Write a report on
your search (100-200 words).
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Glossary for Part 1

ability — crocobHOCTh

absorb, v — mormomnars

acceleration — yckopeHune

accessories — BCIoMorareiabHoe 000pyIoBaHue,
BCIIOMOT'aTeNIbHbIE arperaThl ABUTaTelNs

accomplish — BEIOTHATE

achieve, v — 10CTHIarh, BBIIOJIHSITH

adjustable — perynupyemslit

advance — ycnex, mporpecc

aileron — amepoH

air flow — BO3IyIIHBIN TOTOK

air intake — B031yx03a00pHUK KOMITpeccopa

air stream — BO3yIIHBIA TOTOK

airflow — Bo3ayIHbIi MOTOK

airfoil — aspoprHaMUYeCcKas TUIOCKOCTh,
a’poIMHAMUYECKAsi TOBEPXHOCTh

airplane — camounér

alloyed steel — nermpoBanHas craib

alternate — nepeMeHHbIH, YepeTyOIIMNACS,
JIOTTOJTHUTETbHBIN

altitude — BrIicOoTa

amount — BEJINYUHA, KOJIUYECTBO

amphibian — ampuous

angle — yron

annular combustion chamber — konpreBas
KaMepa CropaHus

armament — BOOpY>KEHHE

arrangement — KOMIIOHOBKA, PACIIOJIOKEHHE

assembly — arperar, cOopka

atomize, v — pacbUIsATh

attach, v — npukpemsTh

attitude — mpocTpancTBeHHas opueHTarms JIA

autogiro — aBTOXKUP

auxiliary — BcrioMoraTenbHbIi

avoid, v — uzberarn

axial compressor — oceBoii KOMITpeccop

axial-flow compressor — oceBoli KoMmpeccop

balance area — rutomaar KOMIIEHCAaTOpa

bay — oTcek, HUIIA

beam — Oanka

bending — u3ru6

biplane — Gunan

blade — nmomactp

blading — KOMITJIEKT JIOTIaTOK

blanket — coit

bleed, v — cryckaTh (BO31yX)

blowout — cpbIB TUIaMeHU

brace — nmoaxoc

bring down, v — cHIKaThb

bulkhead — mmanroyt

burner — kamepa cropaHus

buzz — ryn, rynsmumi 3ByK

can — OT/IeTIbHasE KaMepa CrOpaHHs

can-annular burner — Tpy04aTo-KoibLeBas
KaMmepa CropaHus

cargo room — rpy30BOi OTCeK

centrifugal compressor — HeHTPOOEKHBII
KOMIIpeccop

centrifugal-flow compressor — 1eHTpoOeKHBII
KOMIIpeccop

chord — xopna

cockpit — kabuHa muIoTa

combustible — roprounit

combustion — ropeHue

compartment — OTcek, kKabuHa

compression ratio — CTENEHb CKATH

compressor stall — cpbIB KomIpeccopa

consumption — nmoTpedIeHue, pacxos

contaminate — 3arps3HATh

contoured — MPOQUIBHBIHI

control — yrpapneHue

control mechanism — MmexaHu3m yrnpaBieHUs

control, v ynpaBisiTh

conventional — TpaAMIIMOHHBIN, OOBIYHBIN

convert, v — peBpaliarh, Ipeodpa3oBbIBaTh

Crew — HKUIax

cross-ignition tube — TpybonpoBo
MIEPEKPECTHOTO 3a)KUTAHUS
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damage — noBpexaeHue

damage, v — noBpexaarb

decrease, v — yMeHbIIIAaTh, CHUKATh

deflect, v — OTKIOHSTE

demand — TpeboBanue

demand; v — TpeboBartb

design, v — mpoeKTUpOBATH

develop, v — pa3pabarsiBaTh, pa3BUBaTh

development — pazpaboTka, pa3zBuTHe

device — ycTpoicTBO, arperar

diffuser — quddyszop

dilution — pazxmkenue

directional control — ynpasienue o Kypcy

directional stability — ycroifuuBocTh
Ha Kypce

discharge gases — BBIXJIOHbBIE Ta3bl

dorsal fin — dhopxuin

draw in, v — BTSTUBaTh (BO31YyX)

duct — xanan, Tpy6a, TpyOOnIpOBO,
BO3/IyX03a00pHUK

dynamic balancing — nunammuueckas
OamaHCHpOBKa

eject, v — BBIOpachIBaTh, M3BEpPrarh

electrical charge — anexTpudeckuii 3apsia

elevator — pyJb BBICOTBI

empennage — XBOCTOBOE OIEPEHUE

engine — JIBUTaTelb

equip, v — 00opyioBaTh

equipment — o6opyaoBaHue

establish, v — yctanaBnuBarh

even — paBHOMEPHBII

excess — U3JIHIIECK, U30BITOK

exhaust outlet — BBIXOqHOE OTBEpCTHE

exhaust system — BBIXJIOITHAsI CUCTEMA,
BBIXJIOITHOE YCTPOMCTBO

extract, v — U3BJIEKaTh

facility — BcmoMorarensHOE CpPeliCTBO, CPEICTBO
oOciyXuBaHUs, 000pyI0BaHHE

fin — xkmTB

fit, v —ocHamarp, ycTaHaBINBaTh

flap — 3akpbuIOK
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flexibility — ru6kocTh, IPUCTIOCOOISIEMOCTD,
MaHEBPEHHOCTh

flight — monér

flight controls — cpencTsa ynpasneHus MOAETOM

flow — morok, v Teub

flutter — dnarrep

flying boat — neraromas noaka

forging — koBKa

frame — pama, kapkac

framework — xapkac

frontal area — ¢poHTaNIEHAS TOBEPXHOCTH

fuel — TonnuBo

fuel tank — ToruBHBI Oak

fully braked landing — ocTaHOBKa C MOTHBIM
TOPMOKEHUEM

furnish, v — qocraBisaTh

fuselage — drozemsik

girder type — GanouHBIN THIT

glider — nmnanep

helicopter — BepTonér

high wing monoplane — BeIcOKOIIIIaH

hinge — kpenuTh MapHUPHO

hinge moment — mapHUpHBI MOMEHT

hinge, v — KpenuTh MIapHUPHO

house, v — BMemarsb, coaepxarb

ignitor plug — cBeua 3axxuranus

impeller — pabouee xoneco (TypOUHBI
Kommpeccopa), impeller — pabouee koneco
[EHTPOOEIKHOTO KOMITPECCOPa, KPhUIThUaTKa

impulse blade — akTuBHas oNaTKa

ingestion — 3acacbIiBaHMe (B JBUTATEIb
MOCTOPOHHUX MPEIMETOB)

inlet duct — BXogHOH KaHan

integrity — II€JIOCTHOCTD

jet — peaKTUBHBIN; CTPYS

jet engine — peakTUBHBIN IBUTATENb

join, v — COeMHSITh

kind — Bug, Tumn

knife edge — octpas kpomka

land, v — mpuzemsThCs

landing — mocanka



AHenutickul 53bIK 05151 cmydeHmo8 aspoKOCMUYECKO20 rpouris

landing gear — maccu

lateral axis — GokoBas (TonepeyHas) 0ch

lift — mogpémHuas cuia

lifting force — mogpémuas cuna

light gauge metal — nérkuii TMCTOBOM MeTaI

liner — »xapoBasi Tpy0Oa (kamepbl CropaHusi)

linkage — coenuaenune

locking tab — mmonka

longeron — nonxepon

longitudinal axis — npojonbHas och

loss — morepu

low pitch — manbrii mar (BuHTA)

low wing monoplane — Hu3KOTUTaH

machine, v — ogBepraTb MeXaHU4eCKOM
o0paboTke

main leg — ocHOBHasl cTOlKa

manifold — Tpy6onpoBoa

mid wing monoplane — cpennenian

missile — peakTUBHBIN CHaps, pakeTa

monocoque type — MOHOKOKOBBIN THI
Gbrozensoka

monoplane — MOHOIUTaH

mount, v — yCTaHaBJINBATh

movable — ToaBUKHBIN

multiple combustion chamber layout —
TpyO4aTasi KOHCTPYKIIUSI KaMepPbI CTOPaHHUSI

nacelle — roggona

nose leg — HocoBas cToiika

nose over, v — KaroTUpOoBaTh

nozzle — corio

nuclear — sqepHbIN

oblique shock — koco¥i cka4oK yIJIOTHEHUS

occur, v — IPOUCXOANTh, IMETh MECTO

output — BeIX0H, IPOAYKIIMS, MOITHOCTH

overhaul — pemonT, mepedopka, pazdopka

payload — nmone3nas Harpyska

performance — paboTa, XapakTepUCTUKU

pilot — perymsiTop

piston-engined aircraft — camon€T ¢ mMOpITHEBBIM
JIBUTATEIIEM

plane — mIocKoCTh, CAaMONET

plenum chamber — HarHeTaTenbHas Kamepa

pneumatic tyre — THeBMaTH4ecKas IIMHA

power output — MOIITHOCTE Ha BBIXOAE

power plant — custoBast ycTaHOBKa

power setting — pexuM paOdOThI JBUTATEIISI

pressure — 1aBJICHUE

prevent, v — Ipe0TBpaIIaTh

produce — MpoU3BOIUTH

propel, v — ABUraTh, TOIKaTh

propulsion — IBMKEHUE BIIEpe

radial inflow turbine — nenTpocTpemuTenpHas
TypOuHa

ram pressure — CKOpOCTHOM Harop, MoJHOe
naBieHue (B BO3IyX03a00pHHUKE)

ram recovery point — TOuka BOCCTaHOBIICHUS
CKOPOCTHOTI'0O Haropa

range — TaTbHOCTb, AHANA30H

ratio — OTHOILIEHHUE, KO3PPUIMEHT

reaction — IpOTUBOJICHCTBHE, CHCTBHE

reaction blade — nonarka oOpaTHOTO 1EHCTBUSA

rearwards — Ha3aJ, M03a1

recess, Vv — OTO/IBUTaTh

recirculate, v — pelpKyIMpoBaTh

reinforce, v — ycuianBarb

reliability — HamexXHOCTH

requirement — TpeboBaHMe

resistance — CONPOTHBIICHHE

resultant thrust — pe3ynerupytomias tsra

retractable — BTsiruBaromuiics

retractable landing gear — BrsiruBaromieecs
1accu

reverse — 0OpaTHbIN

rib — HepBIOpa, pedpo

rim — KpoMKa

rivet — 3aKJienka

rivet, v — KjienaTb

rotary air compressor — pOTOPHBII KOMITPECCcop

rotor — HeCyIllMii BUHT BEPTOJIETA

rudder — pynp HanpaBnenus, rudder — pyib
MIOBOPOTA

ruggedness — MPOYHOCTH
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rule out, v — HCKIIIOYaTH

safety — 6e3onmacHOCTb

scientific — HayYHBI

seal — yIuloTHeHUE, TepMETH3AIUS
seaplane — ruznpocamonér

section — ceyeHne

semimonocoque type — MOTyMOHOKOKOBBIH THII

brozenska

shear — cpes, cnBur

shock — ynap

shock wave — ynapHas BosiHa

shock-absorbing strut — amopTusupytoias
CTOMKA

shrouded — 6annaxxupoBanHas (0 JOMATKE)

skid — xBocTOBast omopa, XBOCTOBOE KOJIECO,
oropa

skin — oOmmBKa

smoothly — nmmaBHO, mOCTETIEHHO

span — pa3max

spanwise stiffener — mponoaBHBIN 2I€MEHT
HKECTKOCTH

spar — TOHXKEPOH KpbLia

speed — CKOpOCTh

spike — aMmopTH3UpYIOIIAs UTJIa

spool — kackaj (koMIipeccopa)

spray — CTpys

stabilizer — crabunu3zarop

stage — CTyIIeHb

stiffness — &EcTKOCTH

stream — IIOTOK

stress — Harpy3Ka, HalpsDKCHHE

stressed skin — pabGotaroras oOmMBKa

stressed-skin fuselage — ¢ro3ensik ¢
paboTarorieit 00ImnuBKOI

stringer — CTpUHTep

strut — cToiika

subsonic — J103BYKOBO#1

suck, v — BcacwIBaTh

supersonic — CBEpX3BYKOBOM

supersonic jet plane — cBepX3ByKOBOM

PEaKTUBHBIN CaMOJIET
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supply, v — o0ecrieunBars, OCTaBIATh,
JOCTaBIIATh

swallow, v — 3amiareiBaTh

sweptback — cTpenoBHIHBIIHI

sweptback wing — cTpeIoBHUIHOE KPBLIO

sweptforward wing — KpbL10 ¢ 06paTHO
CTPEIIOBUIHOCTHIO

swiveling mounting — mapHUPHOE KpeIIeHNE

tail unit — XxBocTOBOE OMEpEHUE

tail wheel (skid) — xBocToBOE KOJIECO, OMTOpA

take off — B3nér

take off, v — B3nerarp

technique — meToz, cmoco0, TEXHUKA,
TEXHOJIOTHSI

thrust — Tsra

tip — KOHell, KOHIIeBasl YacTh

torsion — Kpy4eHue

tractor airscrew — TSHYIIMNA BO3LyIIHBIA BUHT

trailing edge — 3aHss KpoMKa

transonic — OKOJIO3BYKOBOI

transverse — ImornepevHbIi

tricycle gear — TpexormopHoe maccu

tricycle landing gear — TpéxonopHoe accu

trimmer tab — TpuMMep

truss type — epMeHHBbIN THIT

turbulence — TypOyneHTHOCTh

undercarriage — maccu

utilize, v — HCIIonb30BaTh

vane — JIOTIacTh, JIOTIaTKa

vaporize, v — ucnapsrth

vehicle — neTarenbHbIN anmapar, anmnapar Jis
JIBIDKCHUS

velocity — CKOpOCTb

weight — Bec

weld, v — cBapuBath

wheel well — auma maccu

wing — KpbUIO

wing centre-section — IIEHTPOIUIaH

wing root — KOpHeBas 4acTh Kpblia

wing tip — 3aKOHIIOBKa KpbLia

withstand, v — BeIIep)KHBaTH
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Part II. INFORMATION TECHNOLOGIES FOR AVIATION
AND COSMONAUTICS

UNIT 1

IT for Aviation

Lead in

1. Aviation industry was one of the first to start employing advanced information
technologies. Make a list of all possible IT applications that you think are possible to be
used in aviation.

2. Work in pairs. Compare your list of IT applications in aviation with that of your
partner. Who has the longest list? Discuss the differences.

Reading

1. Read the following text and compare it with your list. Use a dictionary, if necessary.

A. Information Technologies in Aviation Industry

It is a safe bet to say that information technology has revolutionized the entire area
of aviation and penetrated into each aspect of the industry. Very roughly the application
of IT in aviation could be divided into 3 vast categories: aircraft engineering, flight
management and airline operation.

Designing and developing new aircraft systems is time-consuming and
expensive. The traditional procedure in a simplified way includes the following
steps: depending on the original concept and customer requirements the designers
develop airplane configuration, make primary aerodynamic computations, define
the product basic characteristics. Then they select or design the main units and
systems and finally produce a full-scale physical mock-up. All this is followed by
bench and full-level tests and accompanied by a huge amount of detailed design
documentation.
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The new technology combines all sort of information about the product and its
components within a single complex computerized system which processes all the data
fed into it and creates an electronic model which can be further changed and updated. IT
tools and techniques also play a critical role in testing the aircraft and training the workers.

The key information technologies in flight management are: communication,
navigation (which is now changing from inertial navigation to satellite navigation thus
providing the airplane with a much more accurate position) and surveillance which
involves automatic sending a position report. The science and technology of the use of
electronic devices on aircraft is called avionics.

Communications (primarily between the pilot and the air traffic controller) are
still mostly performed by voice, however some
datalink communications are gradually emerging generally through airline managed
data communication networks such as ACARS.

The air traffic controller receives aircraft state information through surveillance
systems and issues commands over voice communication channels. These commands are
executed by the pilot using the aircraft autoflight and navigation systems. Surveillance
systems also offer the potential of direct aircraft to aircraft surveillance which would
allow aircraft to self separate in some conditions allowing a much faster and more
efficient control process, and enhanced weather surveillance systems which could reduce
the exposure to hazardous encounters and increase the safety.

Special computer tools for managing aircraft provide the required information for
aircraft maintenance — planning the entire fleet’s maintenance schedule, determining the
estimated budget for the schedule, seeing any potential problems and finding solutions
before the situation becomes critical.

The airline industry has been affected by information technology in a great extent
in various aspects like airline reservations, e-ticketing, security check, flight and airport
management and control. Flight and airport management and planning include flight
information display systems, airport operational database systems, air traffic control,
security systems, staff management displays, finance and accounting systems, etc.

The five main computerized reservation systems are Galileo, Sabre, Amadeus,
Gabriel and Worldspan. Then came online reservation system called e-ticketing which
further helped to reduce the costs since it led to direct interaction between the passenger
and the airline without inclusion of agents. IT has also led to the development of self-
service kiosks to reduce queuing issues and speed up check in process, and developed
radio frequency identification technique to resolve lost luggage issues.

In air transport industry where there is intensive competition, companies try to
use every kind of new technology that gives them advantage. Developing information
technologies and information systems makes this process faster, more appropriate and
more reliable.
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2. Using the text and the words in the box, fill in the diagram of IT applications in
aviation.

e air traffic control e atreraftengineering e aircraft maintenance o
e airline operation e airhnereservation e airport management e

e communication e design & development e e-ticketing e
e flight management e Hin-avtation e navigation e security check o

e self-service kiosks e surveillance e testiig o training o

testing

aircraft
engineering

IT in aviation

airline
reservation

management
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3. The text names 5 main computer reservation systems. Which of them are used by
Russian airlines? Go to the Flyworld website at www.flyworld.ru to find the information.
What is the name of the Russian computer reservation system?

4. Read the text about integrated information technologies used in aircraft design.

B. Computer Aided Design and Manufacturing

Today’s industries cannot survive worldwide competition unless they introduce
new products with better quality, at low cost, and with short delivery time. For this
purpose they need to use the computer’s huge memory capacity, fast processing speed,
and interactive graphics capabilities. Computer-aided design (CAD), computer-aided
manufacturing (CAM), and computer-aided engineering (CAE) are the technologies
used during the product development cycle.

A CAD system consists of IT hardware (H/W), specialized software (S/W) and
peripherals. The core of a CAD system is the S/W, which makes use of graphics for
product representation, databases for storing the product model, and drives the peripherals
for product presentation.

The designer is the main actor in the process, in all phases from problem
identification to the implementation phase. The role of the CAD is to help the designer
by providing:

= accurate and easily modifiable graphical representation of the product;

= complex design analysis in short time.

The technique was initiated in Massachusetts Institute of Technology (MIT) by
[an Sutherland. The automotive and aerospace industries were the first users and the
forerunners of development of CAD technology. The first systems were very expensive
and performing only 2D modelling while current systems are 3D systems.

Wire-frame modelling was the first attempt to represent the 3D object. The
representation was not perfect with many drawbacks from the point of view of precision,
adequacy of the representation, etc. In simple terms a 2D-wire frame model was built by
forming the skeleton of the part, consisting only of edges.

With a surface model we are modelling the skin of the part. Model editing is done
by modifying the defining curves, by changing the numerical values of parameters or
through using graphical or mathematical laws controlling the created shapes. The system
also includes easy-to-use tools for evaluating the shape, the size and the curvature of
complex models.

Solid modelling systems are considered to offer the most complete representation
of a part. They combine modelling and topology. Usual operations integrated inside
the solid modelling systems are: 2-D and 3-D wire-frame models, swept, lofted and

revolved solids, and Booleans as well as parametric editing.
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One of the most frequently used engineering analysis techniques is finite element
analysis (FEA). FEA is used to analyse the functional performance of an object by
dividing it into a number of small building blocks, called finite elements. The core of
the FEA method is an idealization of the object or continuum by a finite number of
discrete variables. For this purpose, the object is first divided into a grid of elements that
forms a model of the real object. This process is also called meshing. Each element is
a simple shape such as square, triangle, or cube or other standard shape for which the
finite-element programme has information to write the governing equations in the form
of a stiffness matrix.

The unknown parameters for each element are the displacements at the node
points, which are the points at which the elements are connected. The finite-element
programme assembles the stiffness matrices for these simple elements to form the
global stiffness matrix for the entire model. A number of S/W packages have been
developed for Static analysis, Transient dynamic analysis, Heat transfer analysis,
Motion analysis, etc.

Once a design has been completed, after optimization or some tradeoff decisions,
the design evaluation phase begins. Prototypes may be built for this purpose. The new
technology called rapid prototyping is becoming popular for constructing prototypes.
This technology (also called 3D printing) enables the construction of a prototype by
depositing layers of an object from the bottom to the top. Thus it enables the construction
of the prototype directly from its design.

The manufacturing begins with process planning, using the drawings from the
design process, and it ends with the actual products. The manufacturing process includes
the activities of production planning, design and procurement of new tools, ordering
materials, NC (numerically controlled) programming, quality control, and packaging.
The computer technologies for these activities can be classified as CAM (computer
aided manufacturing).

One of the most mature areas of CAM is numerical control which is the technique
of using programming instructions to control a machine tool that grinds, cuts, mills,
turns, bends, etc. raw stock into a finished part. Another significant CAM function is the
programming of robots, which may operate in a work-cell arrangement, selecting and
positioning tools and workpieces for NC machines.

The technology which provides a way for systems to work together and exchange
information at multiple points of continuous integration — from design through
manufacturing and support — is called product data management (PDM).

143



AHenudckul 3bik 0511 cmy0eHmoe8 aspoKOCMUYECKO20 rnpoghusis

5. The following pictures present 3 types of 3D modelling — wire-frame, surface and
solid models. Match the names with the pictures.

6. Text B contains many abbreviated terms. Go to the Acronym Finder website at www.
acronymfinder.com and find the meaning of these terms related to CAE:

CIM
CAPPC
CAQA

CAMH

CAMM

CADD

7. Complete the following categories using the terms from Text B:

Graphics Manufacturing Computing

edge tools equation
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8. Look through Text B again and answer the questions.

1) What does a CAD system consist of?

2) Who is the main actor in computer-aided design process?

3) How does CAD help the designer?

4) What industries were the first to introduce CAD technology?
5) What are the main types of 3D models?

6) What is finite element analysis used for?

7) What is meshing?

8) What does rapid prototyping perform?

9) What are the 2 main areas of CAM?

10) PDM is restricted to the design stage, isn’t it?

9. Match up the following terms with their definitions.

1. CAD

2. CAM

3. CAE

4. PDM

5. FEA

6. NC

A. the technique where all the surfaces of the physical object
(including the opposite ends and internal components) are
represented through bare lines and arcs. It may not be suitable for
complicated projects that require uncompromising realistic effects

B. the use sophisticated, interactive graphical software to design,
analyze, and manufacture products and processes

C. a form of programmable automation in which the mechanical
actions of a machine tool or other equipment are controlled by a
program containing coded alphanumeric data

D. the technology concerned with the use of computer systems to
assist in the creation, modification, analysis, and optimization of a
design

E. aprocess used to build a physical model from a computer drawing
by creating layers of the shape and joining them together. This
technology provides a fast way of producing parts for machines,
vehicles, etc.

F. the technique used to combine a number of solid objects into a
single 3D design. Much like a physical object, a model also has
additional properties like density, weight and centre of gravity
because of which it is most preferred choice when it comes to
designing prototype of a mechanical product
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7. 3D modelling G. the technology concerned with the support of the entire product
life cycle including product or plant definition, production and
business operations

8. wire-frame H. the modelling of products and systems in a virtual environment,

modelling for the purpose of finding and solving potential (or existing)
structural or performance problems

9. surface I. the technology concerned with the use of computer systems to

modelling plan, manage, and control manufacturing operations through either
direct or indirect computer interface with the plant’s production
resources

10. solid model  J. the process of creating a model that represents a three dimensional
object which can be alive or inanimate. The model is created using
a set of points which are connected by various geometric data such
as lines, and curved surfaces

11. rapid K. the technique where models are created by merging 3D surfaces.

prototyping It is like a piece of paper that can be placed at various angles to
specify different shapes

1 2 3 4 5 6 7 8 9 10 11

Language Focus

1. Complete the table with the correct forms of the words. Check that you know the
correct pronunciation of all the words. Note that sometimes several forms are possible.

Verb Noun Adjective
application
develop
productive
compute
management
executive
increase
provide
operation
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2. Read the text and decide which answer A, B, C or D best fits each space. Tick (v')
your answer. Listen to the recording to check your answers.

How 3D Printers Work

Using a 3D printer is like printing a letter; (0) __ the print button on a computer
screen and a digital file (1), say, to an inkjet printer which deposits a layer of ink
on the surface of a piece of paper to create an image in two dimensions. In 3D printing,
however, the software takes a series of digital slices (2)  a computer-aided design
and sends descriptions of those slices to the 3D printer, which adds successive thin
layers until a solid object emerges. The big difference is that the “ink™ a 3D printer uses

1s a material.

The layers can come together in a variety of ways. Some 3D printers use an
inkjet process. Objet, an Israeli 3D-printer company, uses the inkjet head to spray an
ultra-thin layer of (3) _ plastic onto a build tray. The layer is cured by exposure to
ultraviolet light. Another way is fused deposition modelling, a system used by Stratasys,
a company based in Minneapolis. This involves melting plastic in an extrusion head to

deposit a thin filament of material (4) __ the layers.

Other systems use powders as the print (5) . The powder (6)  as a thin layer
onto the build tray and solidified with a squirt of liquid binder. It can also be melted
into the required pattern with a laser in a process called laser sintering, a technology
which £OS, a German firm, uses in its (7) _ machines. Arcam, a Swedish company,
fuses the powder in its printers with an (8)
operating in a vacuum. And these are only some

of the variations.

The materials that can be printed now (9)
____ from numerous plastics to metals, ceramics
and rubber-like substances. Some machines can
combine materials, making an object rigid at one

end and softat (10) .
(Abridged from The Economist)

AN TN NN NN TN
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Example:

0. A press B find Chitv D shoot

1. A sent B sends C is sent D is sended

2.A1n B into C by D through

3. A liquid B solid C soft D light

4. A for building B to build C to building D for build

5. A environment B way C medium D media

6. A can be spreaded B can be C can to be D can be spread

spreading spread

7. A adding- B added- C additive- D addition-
manufacturing manufactured manufacturing manufacturing

8. A electron ray B clectronic tube | C electron tube D electron beam

9. A differ B range C change D develop

10. A another B other C the other D each other

3. Find the examples of infinitive, participle and gerund in the text. Write them out.

4. Put various types of questions to the text:

a) a general (Yes/No) question;

b) a tag question;

¢) an alternative (OR) question

d) 2 special (Wh-) questions:

— a question to the subject,

— a question to another part of the sentence.

Listening

1. Go the site of Flight Operation System at http://www.flightoperationsystem.com/
index.aspx . Watch the video presentation and answer the following questions on the use
of information technologies in flight operations:
1) What is Flight Operation System?

2) Who is FOS designed for?

3) What are the advantages of FOS 2010?
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4) What can flight operators expect within the first six months after introduction of
the central booking system of aircraft available?

5) How does FOS 2010 save direct costs related to investment into new servers and
infrastructure?

6) What information does a pilot registration card contain?
7) How can a user participate in generating a financial statement of the flight?

8) What are the other possibilities provided by FOS 2010?

2. Are you familiar with the term cloud computing? Use various internet resources to
make up your own definition of this term. Work in pairs.

evlce e}(pﬁflﬁ’ﬂce o
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Fank: ade network managers gives way softwarg-as-a-servicy
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3. Go to the article “Air transport industry launches first ‘community’ cloud”
published by Computerworld UK at http://www.computerworlduk.com/news/cloud-

computing/3272338/air-transport-industry-launches-first-community-cloud/ . Read it

and decide when cloud technologies can be used in aviation industry.

4.SITA is amultinational IT company specialising in providing I'T and telecommunication
services to the air transport industry (ATI). Go to the video presentation “Real-world
end-to-end applications of cloud computing” made by Benoit Verbaere, Senior Portfolio
Manager, SITA, at http://www.sita.aero/products-solutions/solutions/ati-cloud . What

does an integrated cloud services portfolio consist of?
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5. According to the text, are the following statements true or false?

1) The role of the ATI cloud is to involve users into computer technologies.

2) Through the on-demand portal an I'T manager can assign desktops and applications
to new employees.

3) Cloud technology brings agility to the way the users are going to be able to do their job.

4) The applications assigned by an IT manager to new users range from generic
applications to productivity applications.

5) A new employee can use his own computer to employ the business application
provided by the IT manager.

Speaking
1. Make a presentation on one of the following topics:

1) Latest computer technologies in aviation.

2) New information technologies in airport operation.
3) Computer technologies in pilot training.

4) Types of flight simulators.

5) History of CAD/CAM.

6) Finite Element Analysis (FEA) software packages.
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UNIT 2

IT in Cosmonautics

Lead in

1. In Part 1 of this unit we discussed applications of Information Technologies in aviation.
Now think how these technologies can be used in cosmonautics? Will there be much
difference?

2. Make two lists.

IT in aviation IT in cosmonautics

NAREE o
N A W N =

3. Use on-line dictionaries and other Internet resources to find the definitions of the
following terms:

= celestial body = gspace control centre = propulsion

= environmental conditions " oXxygen sensor " space mission
= gravitational force = surveillance satellite = robotics

= carbon dioxide purifier " imaging * dimensions

* in-built software * humidity control = gspace vehicle
= customized equipment = debris = vigilance

4. Match various computer applications in space exploration and their descriptions.
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Getting Into Space

1. Designing the A. Space missions need accurate planning and calculations of
Spaceship the trajectories, propulsion, and path that a space vehicle
will take. It must be defined precisely after considering

the motions and gravitational forces of various celestial

bodies. The time, amount of fuel, duration of the mission,

everything needs to be exact. Even a millisecond of

miscalculation can be disastrous.

2. Planning and B. The craft has in-built software for diagnostic tests and updates,
Preparation that are constantly run to check the status of the equipment.
If encountered with a problem, it reports it to the team on

Earth, which will give or suggest a solution to that problem

and get it solved.

3. Space C. Computers help create the aircraft which is made from
Simulations equipment that is customized and highly sophisticated.
This spacecraft has to endure various threats, and numerous

technicians and engineers work very minutely. After the

spacecraft is built, it is run through many automated tests,

which are created by computers to simulate cold, vacuum,

and vibrations, that it will encounter in space.

4. Fixing D. Placing a spacecraft at the exact accurate position, its
trajectories, etc., all need to be precisely calculated. It is
done in three dimensions. The engines that need to fire up,
their time and duration, are all taken care of by computers.
The navigation of the spacecraft and keeping a spacecraft
on its course is something that computers monitor and keep
in control 24/7.

5. Navigation E. Computers allow scientists to simulate extreme environmental
conditions and complicated flight situations in space.
Recording the observations in detail and their analysis,
helps scientists extend the horizons in space exploration,

research, and development.
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In Space

A. Computers constantly monitor objects like satellites, rockets,

debris, etc., which revolve around the Earth. They keep
a track, detect, and help identify various celestial bodies
that orbit Earth. They help catalog the data sent by various
surveillance satellites and space control centers.

B. Computers, with the help of large telescopes, capture high

quality images of planets, the Earth, moon, asteroids, stars,
comets, galaxies, other celestial bodies, and unknown
matter that exists within the universe. Digital photography
has changed the ways of astronomy, as we can alter the
images and colors, use filters and satellite information
to view the images more clearly. It is possible to enlarge
images and see more than we could with our naked eyes.

C. The living conditions and environmental control systems

of a spacecraft use computers to monitor the devices
that keep the atmosphere in the spacecraft healthy and
liveable. The humidity controls, oxygen sensors, carbon
dioxide purifiers, thermostats, and other devices, are kept
in check by the computers. If any problems arise, the crew
is immediately alerted, and the problem is solved.

D. Research data is so vast and huge that, manual storage of

this data would take years. Computers play a vital role in
the compilation, storage, and sharing of this information.
This technical information is collected, organized, and
maintained effectively by computers, for scientists to be
able to stay updated and gather real-time information all
around the world.

E. Keeping in touch with the mission craft, transferring data,

power management, motion, movement, sending and
receiving new data or programming, is all done with the
help of computers. The robots or rovers that are sent on a
space mission are manipulated, controlled, and guided by
computers.
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Reading

1. Read the text about the history of I'T in cosmonautics. Highlight the main stages of its
development.

A. Space Exploration and Information Technology

Information Technology essentially means transmission, storage, distribution and
processing data. Even before the computer era people collected and shared information
thus creating knowledge. They looked to the stars and wondered what lay beyond the
sky long before the first space flights.

Space exploration began with cultures explaining events by
the position of stars. IT was there when Galileo Galilei (1564-1642)
gazed through his telescope to discover the orbits of stars, moons and
planets. But at that time technology was limited to a telescope with 3x

magnification.

During the Scientific Revolution of the Modern Age space
exploration and science were inseparable. The first attempt to launch an artificial satellite
(by means of a straight-up vertical cannon shooting) was made by a French abbot Marin
Mersenne (1588-1648), the author of classical works on the number theory and of the
term “ballistics”.

Computing orbits became possible only with Isaak Newton’s (1643-1727) works
and the ballistic pendulum allowing to measure the velocities of projectiles was invented
by Benjamin Robins (1707-1752), a British mathematician and military engineer, only
in 1742.

Eventually telescopes got better and information collaboration improved allowing
for a number of great discoveries, but it wasn’t until the advent of computer technology
and its facilitation of space exploration in the middle of the 20th century that a lot of
these theories could be tested and improved, and new ones constructed.

The first flights into orbit were not flights in the traditional sense as there was no
pilot to man the controls. It was due to the fact that the first computers were very bulky
and heavy. The personnel on the ground was monitoring all aspects of the mission and
had to be in constant communication with the spacecraft as it travelled through space,
calculating velocities, trajectories and altitudes. They would collect data from on-board
sensors as well as track information from ground control stations throughout the world,
all communicating in real time.
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With further development of manned space flights, a demand rose for on-board
systems. Today computers are an integral part of all current spacecraft. They are used
for guidance and navigation functions such as rendezvous, re-entry, and mid-course
corrections, as well as for system management functions, data formatting, and attitude
control. This transition has made it possible for current spacecraft to be more versatile.
As missions change and become more complex, using software to adjust for the changes
1s much cheaper and faster than changing the hardware.

Thus, nowadays Information Technology and Computer

Engineering are used at every stage of space flight — from P g ey
research and development to spacecraft launching and T;; ‘ SN %}
operating, including: t:ﬁ _

— spacecraft guidance; e s

— automation for operations of manned space missions;

— advanced systems of data collection, processing and transmission by means of
satellites for various purposes (meteorology, natural resources monitoring, navigation, etc.);

— global systems of satellite communication, television and radio broadcast, search-
and rescue systems, and satellite navigation systems of communication with sea vehicles.

Moreover, Information Technology in cosmonautics is connected with acquisition,
processing and using all types of information in space systems as well as with the
necessity to protect this information while tackling particular problems during space
flights.

2. Two words are often used in practically the same meaning — “cosmonautics” and
“astronautics”. Do you know the difference between them? Find the relevant information
in the Internet.

Can you guess the meaning of the term “aeronautics’?

3. One of the major applications of IT in cosmonautics is spacecraft navigation. Read
Text B and find synonyms to the words in the box.

heliocentric movement obtaining speed  place
give  precise  atthe same time fast change
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B. Spacecraft Navigation

Spacecraft navigation comprises two aspects: knowledge and prediction of
spacecraft position and velocity (orbit determination) and firing the rocket motor to alter
the spacecraft’s velocity (flight path control).

A spacecraft on its way to a distant planet is actually in orbit about the sun, and
the portion of its solar orbit between launch and destination is called the spacecraft’s
trajectory. Orbit determination involves finding the spacecraft’s orbital elements and
accounting for perturbations to its natural orbit. Flight path control involves commanding
the spacecraft’s propulsion system to alter the vehicle’s velocity.

Since the Earth’s own orbital parameters and motions are well known, the
measurements the spacecraft’s motion as seen from Earth can be converted into the
sun-centered orbital parameters needed to describe the spacecraft’s trajectory. The
measurements made from Earth of the spacecraft’s motion are:

e its distance or range from Earth,

e the component of its velocity that is directly toward or away from Earth, and

e its position in Earth’s sky.

Some spacecraft can generate a fourth type of navigation data — optical navigation,
when the spacecraft uses its imaging instrument to view a target planet or body against
the background stars.

The basic factors involved in acquiring the navigation data are:

1) Spacecraft Velocity Measurement

Measurements of the Doppler shift of a coherent downlink carrier provide the
radial component of a spacecraft’s Earth-relative velocity.

2) Spacecraft Distance Measurement

A uniquely coded ranging pulse can be added to the uplink to a spacecraft and its
transmission time recorded. When the spacecraft receives the ranging pulse, it returns
the pulse on its downlink. The time it takes the spacecraft to turn the pulse around within
its electronics 1s known from pre-launch testing.

3) Spacecraft Angular Measurement

The spacecraft’s position in the sky is expressed in the angular quantities Right
Ascension and Declination.

Extremely accurate angular measurements can be provided by VLBI, Very
Long Baseline Interferometry. A VLBI observation of a spacecraft begins when two
DSN (Deep Space Network) stations on different continents track a single spacecraft
simultaneously. High-rate recordings are made of the downlink’s wave fronts by each

station, together with precise timing data.
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1. Look at the two lists of words and make possible combinations using one word from

each list.

e.g. propulsion system

propulsion front

high ascension
mathematical component
navigation data

radial model
ranging precision
precise pulse

wave system

Check yourself against Text B.

2. Match up the following terms with their definitions.

1.

perturbation

. optical

navigation

. Doppler shift

. ranging pulse

A. a method of improving angular resolution in the observation
of radio sources; these are simultaneously observed by two
radio telescopes which are very far apart, and the signals are
recorded on a computer

B. a sharp transient wave used to measure the distance from the
object being tracked

C. an imaginary surface joining all points in space that are reached
at the same instant by a wave propagating through a medium

D. change in the apparent frequency of a wave as observer and
source move toward or away from each other

5. Right E. deviation of a celestial body from a regular orbit about its
Ascension primary, caused by the presence of one or more other bodies
that act upon the celestial body
6. Very Long F. the celestial equivalent of longitude. The angular distance of
Baseline a celestial body, measured eastward from the vernal equinox
Interferometry along the celestial equator to the hour circle of the body and
expressed in degrees or hours
7. wavefront G. the use of onboard imaging to aid in the determination of the
spacecraft trajectory
[ 2 [ B3] 41 [5] 6 [ [7 [ |
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3. Find and circle the word in each group below that has a different underlined sound to

the others.
1. spacecraft pulse single position basic
2. hardware history vehicle coherent high
3. velocity circle receive precise celestial
4. range generate image target engineering
5. rocket motor motion component control
6. uplink function construct use adjust
7. aspect data factor angular satellite
8. path fourth Earth mathematical together

4. Rearrange the words to make sentences.
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. purposes / satellites / of / number / used / a / are / large / for
. humans / a / spacecraft / no / on / robotic / with / board / is / spacecraft

. the telescope / few / explore / space / before / had / people / to / the invention / of /

tools

. searching / to / a telescope / was / Sir Isaac Newton / for / the length / a way / of /

reduce

. galaxies / in / emitted / Karl Jansky / 1930’s / radio / discovered / the / waves / that

. advancements / led / major / and / breakthroughs / in / computers / have / research

/ to / space

. work / telescope / does / space / the / Hubble / how / ?
. supercomputers / for / what / used / are / ?

. space / a / exploration / what / role / in / critical / plays / ?
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5. Complete the following Space Crossword Puzzle.

Space Puzzle

tl

Across

1. the high curving line in which an object
moves

3. a flight into space

6. any of a series of satellites launched by the
Soviet Union beginning in 1957

7. a person or creature from a planet other
than Earth

8. the scientific study of the stars, planets,
and other objects in the universe

1. a vehicle that travels into space and back
to Earth and lands like a plane

12. a group of people with a particular skill to
work together

13. a piece of rock that has fallen from space
and landed on the ground

15. a place where someone or something is
going

16. the skill of choosing a path so thata
vehicle can go in a particular direction

T

Down

2.a group of stars in the sky named after the
pattern they form

4. a piece of equipment used for training
people to operate a vehicle by imitating
the situations they will have to deal with

5.3 piece of equipment shaped like a tube
that you look through to make distant
objects look closer and larger

9. the object similar to a planet that goes
round the Earth and that you can see
shining in the sky at night

10. one of the earliest known digijtal
computer games

14. the path taken by an object moving
around a larger object in space

e

e Ly e
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6. Do you remember the three forms of the following irregular verbs?

be was/were been
became
begin
did
draw
found
flew
get
given
grew
have
keep
known
lay
lead
made
mean
seen
took

Comprehension Check

1. Read the article about how the world’s space agencies use nanotechnology — a branch
of engineering that deals with design and manufacture of extremely small electronic
circuits and mechanical devices built at the molecular level of matter (a nanometre is
one billionth (10?) of a metre, which is only the length of ten hydrogen atoms, or about
one hundred thousandth of the width of a hair).

160



AHenutickul 53bIK 05151 cmydeHmo8 aspoKOCMUYECKO20 rpouris

Nanotechnology Can Launch a New Age
of Space Exploration

Nasa and the European Space Agency have some ambitious plans where
nanotechnology will undoubtedly play a key role. Launching equipment into space is
an expensive business: it costs $10,000 to lift every 0.45kg of stuff into orbit. Making
things smaller and lighter is, therefore, a natural route to reducing the cost of launching a
spacecraft. It is no surprise then that the principles of nanotechnology — and the potential
to reduce the mass and size of spacecraft and payloads — are focusing the minds of
space engineers. When nanotechnology is really developed, even countries that don’t
presently think about space will be able to afford space exploration.

Taking its first step towards nano-sized instruments, Nasa has developed a sensor
the size of a postage stamp that can detect toxins in the air. The sensor could also be
modified to sample liquids and provide instantaneous analyses and diagnoses. If manned
Mars missions were ever to become a reality, such capabilities would be vital.

The European Space Agency (Esa) has also been studying the potential of
nanotechnology. Nanoengineering could produce surfaces that regulate spacecraft
temperatures more efficiently than the materials used today. It could also generate more
efficient solar cells which would replace large panels.

While making smaller components is an obvious way to reduce the mass and
power consumption of an otherwise conventional spacecraft, nanotechnology offers
much more potential than that. A team assembled at Northeastern University (Boston,
Massachusetts) in 2006, investigates concepts that could become possible within 50
years. The researchers hit upon two ideas. The first is a lightweight spacesuit more
flexible than current garments. It would consist of three layers and be suitable for
spending long periods of time exploring the moon or Mars. Being thinner, however, the
potential for damage would be higher, so they investigate how to make it repair itself
using self-assembling nanounits held inside the suit’s layers. The nanounits would be
based upon proteins and free to move along the suit layers. In the event of a breach, they
would spill out, attaching to one another and building bridges across the damage. They
could even carry emergency drugs to immediately treat any wound the astronaut may
have suffered.

The team’s second idea is a “spider’s web” of hairline tubes that could be deployed
across large tracts of a planet’s surface. Inside the tubes would be an army of nanosensors
that could measure the surface temperature and composition. Each web would span a
dozen kilometres and be capable of sensing a planetary environment in great detail.
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In space itself, nanotechnology-based missions hold great promise. Instead of
general purpose spacecraft, hundreds or even thousands of identical microchip-sized
spacecraft could perform highly specific tasks. At present, Esa uses four nearly identical
spacecraft called Cluster to measure the Earth’s magnetic field and gauge its response
to solar storms. Large numbers of smaller, nanotechnology-based spacecraft, known as
“nanosats”, could do a more detailed job by “carpeting” a much wider volume of space
to provide continual monitoring of magnetic behaviour with high sensitivity.

Such nanosats would be so small that any gravitational attraction to the Earth would
easily be overwhelmed by other forces, such as the pressure of sunlight and the slightest
drag of the Earth’s highest atmosphere. This means that a nanosat would find it much easier
to escape Earth’s gravitational pull altogether, opening up new possibilities for propulsion.

(Abridged from The Guardian)

2. According to the text, are the following statements true or false?

1. Launching equipment into space costs a lot of money.
2. With nanotechnologies more countries would be able to take part in space
exploration.

3. The nano-based sensors developed by Nasa can sample liquids and solids.

. Spacecraft with nano-scale components consume more power than conventional
spacecraft.

. Lightweight supersuits are very strong and never break.

. A “spider’s web” can measure very large areas of a planet’s surface.

. Nasa uses four spacecraft called Cluster to measure the Earth’s magnetic field.

. Nano-satellites are too light to resist the Earth’s gravitational attraction.

N

0 3 N D

3. In Part 1 of this Unit we discussed the use of 3-D printers in aviation. Now go to the
article NASA Preparing to Launch 3-D Printer into Space at http://www.siliconvalley.
com/ci_24205573/nasa-preparing-launch-3-d-printer-into-space?IADID=Search-www.
siliconvalley.com-www.siliconvalley.com about using 3-D printers during space flights.
Answer the questions:

1) What are 3-D printers supposed to serve as?

2) What three concepts can one get rid of having 3-D printers?

3) What challenges does space travel present to 3-D printing?

4) How could a 3-D printer have helped the Appollo 13 team during the notorious
breakdown in 19707

5) Who helped develop 3-D printing technology in 1988?

6) What is the main limitation to the application of 3-D printers for space travel?
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Listening

1. Go to the site of Massachusetts Institute of Technology at http://video.mit.edu/watch/
nanosatellite-ready-to-search-for-another-earth-64/ . Watch the video about a new nano-
satellite developed by Draper Laboratory and MIT. Fill the gaps using the information
from the video.

1) Researchers at Draper Laboratory in Cambridge, Massachusetts, and MIT have
developed the first to search for
outside our solar system.

2) Thenano-satellitecalled isthesizeofa
and packs and

new

3) The satellite is looking for a kind of planet we call

going in front of their the same as the
Earth, and they cause a tiny drop in of the stars as they go
the star.
4) The satellite has a volume of , 1t’s tall,
wide, and long.
5) There are basically of the spacecraft.
6) The front part, what we call the observatory, or the aspect ofit; then
there’s the : the systems, the
systems; and the third one is the aspect of it.
7) So, if you think about it, it’s a plane, and you have on it, so if the
spacecraft is in one , 1t 1s
n degrees of in order to be on the same
star.
Speaking

1. An opinion poll has been carried out at The Debate.org site on whether space
exploration is worth the money. Read the comments of the people who took part in
the poll at http://www.debate.org/opinions/is-space-exploration-worth-the-money and
discuss your opinion on this point with your partner. You may also take part in the poll
and send your comments.
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Writing
1. Write a short essay (about 250 words) on one of the following topics.

1) Robots in space.

2) Achieving contact with intelligent life beyond our solar system.
3) Fighting the space junk problem.

4) Computer security in space exploration.

5) Space race and space collaboration.

6) The future of computer technologies in space exploration.

7) Artificial intelligence in space exploration.

8) Science fiction becoming science fact.

9) Faster-Better-Cheaper space exploration missions.
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UNIT 3

Digital versus Analog

Lead in

1. What do you know about various ways of data transmission. Compare the text below
with your ideas.

t
')
[#]

(]
‘o

3958559
Data transmission is the process of sending data ?§§g gc_‘?ggg?gf
over a communication medium to one or more computing Ea%%%%%:‘%%,o,
networks, communication or electronic devices. It enables 1@‘300»?0?553,%:Fj}e?:o;isézg;
data transfer in a point-to-point, point-to-multipoint and 0,’gjf%of,f’%’f@éiéﬁﬁ?

multipoint-to-multipoint environment. LS PriBo Al

Data transmission can be analog and digital. Communication systems based on
analog signals dominated the first half of the 20th century. Starting in the early 1950s,
however, the widespread availability of digital computers led to a digital revolution,
which is now well under way. The technology ranges from popular gadgets to the
sophisticated data-handling techniques of the synchronous satellites used in worldwide

communications.

2. Work in pairs and discuss the following questions.

1) Which technique — analog or digital — is more efficient in terms of providing a
better quality of data transmission?

2) Which transmission system is most likely to become the technology of the future?

3) What electronic gadgets would you prefer — analog or digital? Why? Think of as
many arguments as possible to support your point of view.

3. Compare your views with those of other students. Do your opinions coincide or

contradict?

4. Summarize your ideas and make a list of the most essential features and advantages of
digital systems (consider the amounts of data to be transferred, the speed of transmission,
a number of data channels required for transmission, the quality of a signal, noise

immunity, etc.).
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Vocabulary

1. Data transmission involves a set of special words and concepts. Some basic terms are
given below. Match them up with the definitions on the right.

1. multiplex a. a telephone line or channel between two main
offices or switching devices

2. loop b. the amount of detail that can be distinguished
in an image; the degree of image sharpness
measured by the number of pixels across and
down on a screen

3. increment c. the use of a common communications channel
for sending two or more messages or signals

4. frequency-division d. adistance that an object travels or is transported
multiplexing
5. trunk e. a method of transmitting and receiving

independent signals over a common signal path
by means of synchronized switches at each
end of the transmission line so that each signal
appears on the line only a fraction of time in an
alternating pattern

6. haul f. a closed electric or magnetic circuit through
which a signal can circulate or current flows

7. time-division g. the process of increasing in number, size,
quantity, or extent

8. resolution h. a technique by which the total bandwidth
available inacommunication medium is divided
into a series of non-overlapping frequency sub-
bands, and each one is used to carry a separate
signal

2. Use the words from the box to complete the passage below.

continuous bit streams distortion  amplitude
multiplexers  discrete communication medium
networking binary format data exchange
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Analog and digital signals are used to transmit information. In both technologies
the information, either audio or video, is transformed into electric signals. The difference
between analog and digital technologies is that in analog technology information is
converted into electric pulses of varying 1) whereas, in digital technology, data is
transformed into 2) (zero or one) where each bit represents two distinct amplitudes.

An analog signal is any 3) signal for which the time varying feature (variable)
of the signal is a representation of some other time varying quantity, i.e. analogous to
another time varying signal.

Adigital signaluses4)  (discontinuous) values. The digital data originates from
the source device in the form of discrete signals or digital 5) . These data streams are
placedovera6) |, such as copper wires, wireless carriers or optical fiber, for delivery
to the destination device.

Transmission of digital signals is fixed in terms of amplitude. Transmitted data
remains protected since the signals have more balanced structure. Analog signals, on the
other hand, do not have any defined level of uniformity and controllability in terms of
amplitude. As a result, these signals are more susceptible to 7) . This drawback
significantly reduces the signal transmission for long distances. Moreover, these signals
can be easily intervened and disturbed.

Digital signals are indispensable when information has to be sent for longer distance
or the data is so significant that cannot be lost. In the field of communication, digital signals
are used in cellular communications, internet 8) ~ , high9)  modes such as 3G,
Bluetooth. In electronics, digital signals are applied in designing new codes for computer
and mobile circuitry. Devices such as 10) , digital gates and other combinational and
sequential circuit designs are some of the widespread applications of digital technology.

Reading

1. The following article is about the advantages of digital data transmission and networks.
Read the article and highlight the arguments in favour of digital technology.

Digital Technology Benefits

The advent of digital electronic circuitry has brought revolutionary changes in
the area of communication and industrial instrumentation. From early applications of
digital computers in the 1960s to the first distributed control systems (DCS) in the 1970s
and the “smart” transmitter revolution of the 1980s, digital technology has improved
performance and expanded information-sharing capabilities of communications
systems, measuring and control instruments.
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One of the greatest advantages of digital technology over analog is the ability
to communicate vast amounts of data over a limited number of data channels. In the
world of 4-20 mA signaling each pair of wires can communicate only one variable.
This one-signal-per-channel limit of 4-20 mA analog signals represents a technological
“bottleneck” restricting data transfer between instruments and control systems. The data-
rich capabilities of industrial instrumentation require a digital form of communication
to overcome the drawback of analog 4-20 mA signals. With digital signaling, a single
pair of wires or coaxial cable is able to convey a theoretically unlimited number of data
points. This benefit comes at a price, though: in order to transfer multiple variables
over a single channel (wire pair), we must transmit and receive those signals one at a
time. This means a digital communications system will necessarily exhibit some degree
of time delay in acquiring, transmitting, receiving, and interpreting a signal. Analog
systems, by contrast, are virtually instantaneous.

Withmodernelectronictechnology,itispossibletocreate fastdigital communication
systems so that the time delays are negligible for most industrial processes, which
renders the comparison— instantaneous versus time-delayed— insignificant. If time is
no longer an issue, the advantage that digital communication has over analog in terms
of channel usage makes it the superior choice. Another important advantage of digital
data communication for industrial processes is increased noise immunity. Analog data
is continuous by nature: a signal of 11.035 milliamps has a different meaning than a
signal of 11.036 milliamps, because any measurable increment in signal represents a
corresponding increment in the physical variable expressed by that signal. A voltage
value in a 0-5 volt digital signaling system of 0.03 volts, however, means exactly the
same thing as a voltage value of 0.04 volts: either one is interpreted as a “0” or “low”
state. Any amount of electrical noise imposed on an analog signal corrupts the signal
to some degree. A digital signal, on the contrary, may tolerate a substantial amount of
electrical noise with no noticeable corruption.

Not surprisingly, though, the noise immunity enjoyed by digital signals comes
with a price: a sacrifice in resolution. Analog signals are able to represent the smallest
imaginable changes because they are continuously variable. Digital signals are limited
in resolution by the number of bits in each data “word”.

With modern digital electronic technology, however, the “limited resolution”
problem is of no importance. 16-bit converter chipsets available for input/output modules
on digital systems provide a resolution, which is good enough for the vast majority of
industrial measurement and control applications.

There are two techniques used for data transmission: serial and parallel. Serial
transmission is the most applicable for industrial applications because for parallel
transmission the number of wires matches the number of bits in each data “word”. Thus,
parallel technique eliminates the “fewer wires” advantage of digital communications
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and is rarely used in industry. In serial communications systems, digital data is sent over
a wire pair (or fiber optic cable, or radio channel) one bit at a time.

To transfer digital data along a network, there must be an agreed standard between
transmitting and receiving devices for encoding bits. A range of encoding methods are
available, NRZ, Manchester, FSK being the most suitable for industrial networks.

Digital communication standards represent binary “1” value as a “mark™ state
and “0” as a “space” state. “Marks” and “spaces’ correspond to different voltage levels

between conductors of the network circuit. This is referred to as Non-Return-to-Zero
(NRZ) encoding.

Non-Return-to-Zero (NRZ) encoding

This is not the only way to represent binary bits, though. An alternative method
is to use an oscillating (square-wave) signal, counting up and down transitions (pulse
edges) at specific times to represent 1 and 0 states. This is called Manchester encoding.

Manchester encoding
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Yet another method for encoding binary 1 and 0 states is to use sine waves of
different frequencies (“tone bursts™). This is referred to as Frequency Shift Keying, or
FSK, and it is the method of encoding used in the “smart” instrument communications
standard.

Frequency Shift Key (FSK) encoding
APRAPARY

Comprehension Check

1. Find words in the text that mean the following.

. the speed and effectiveness of a machine or device

. a specific problem in part of a process that slows down the whole process
. the introduction of a new idea, product, technology

. to succeed in dealing with or controlling a problem

. to transfer data

. to physically limit the movement of an object

~ N L B W N~

. a situation in which something happens later or more slowly than is planned or
expected

8. to get something

9. a feature that allows not to be affected by something harmful
10. very unimportant or small

11. to recognize the difference between things

12. large in amount or degree
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2. Match up the words below into pairs of opposites.

1. improve a. continuous
2. vast b. parallel

3. variable c. corrupt

4. benefit d. limited

5. instantaneous e. important

6. insignificant f. sacrifice

7. serial g. time-delayed

3. Complete the sentences to summarize the text.

1. Digital electronic circuitry has revolutionized the areas of communication and
industrial instrumentation because....

2. Most significant benefits derived from digital technology are....

3. Modern electronic technology enables to overcome some limitations that a digital
communications system imposes, namely, ....

4. Serial data transmission, as opposed to parallel, dominates industrial networks
since....

5. Encoding techniques such as .... are required for data transfer along a network.

4. Complete the table below.

Channel Speed Noise Resolution
System capacity immunity
Analog
Digital

5. Work in pairs. Compare your ideas with those of your partner and discuss analog
and digital system features. Decide on advantages that make digital technology a more
perspective choice and think of feasible solutions to overcome digital transmission
limitations.
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Language Focus

1. You are going to read a text about two types of signals. Before you read, discuss the
following questions with your partner.

1. What is a signal?

2. What are the major differences between analog and digital signals?

2. Read the text quickly without paying attention to the gaps to check your ideas. What
differences does the writer analyze?

3. Complete the text by filling in an appropriate word in each space. You need to use
“grammar” words: articles, conjunctions, prepositions, auxiliary verbs, pronouns. There
1s an example at the beginning (0).

Basics of Analog and Digital Signals

Asignal is a visual, audible or any other indication () or movement used to convey
information. Signals are quite crucial to science and technology and divided 1) .....two
classes: analog and digital. In an analog signal, 2) .....signal is varied continuously 3)
..... respect to the information and can 4) ..... identified at any instant. On the other
hand, the information in a digital signal is encoded 95) .....discrete values, i.e. whole
numbers. 6) ....., consider a sound signal to be measured in a time interval from 0 to 10
seconds. As for an analog signal, it is measured at 0, 0.5, 0.7, 1.5 seconds in values 7)
.....are known as decimals, whereas a digital signal is only measured at discrete levels
8)..... 1,2, 3, 4 in numbers that are not decimal.
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Another characteristic that creates a significant difference 9) .....analog and digital
signals is the amplitude limitation. Analog signals are independent of the bounds
of amplitude. The amplitude depends 10) .....intensity of the input signal. In digital
signals, the amplitude has only two states: ON and OFF. At the ON position, the
signal has a high amplitude meaning it contains information 11) ..... at the OFF state,
the signal has a low amplitude, which usually means that no significant information
12) ..... being conveyed through the signal.

In communication, analog signals are used when the data is to be sent over
short distance. For analog signal transmission, 13) ..... the transmitter and the
receiver are located in the vicinity of each other so that information can be sent
easily or the transmitter should have repeaters that repower data and transmit 14)
..... to the next destination.

Digital Signals

Analog Signals

Digital signals are a processed form of analog signals created for
communications purposes. To transform an analog signal to a digital one analog to
digital converters (ADC) are used. The technical word for creating a digital signal
out of an analog signal is called quantization. Analog signals are sampled at short
intervals of time in order to be converted into digital. The rate at which they are
sampled is called a sampling rate and for a proper conversion, the sampling rate is
to be at least twice 15) .....fast ..... the signal frequency. When the sampling rate
is higher than the frequency, it is easy to digitize the signal and least amount of
information is lost in the process.
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4. Read the text about early digital communications systems. The sentences in the extract
have been jumbled. Rearrange them in the correct order to make up a meaningful text.

1) A similar code system called the Continental Code was used for early radio
communications.

2) In the days when human operators sent and interpreted Morse and Continental
code messages, the standard delimiter was an extra time delay (pause) between
characters and between words.

3) Morse code used for communicating alphanumerical information over telegraph
systems was an early form of digital transmission.

4) The paper strips were then read electrically and converted into a serial stream of
on-and-off pulses, which were transmitted along standard telegraph circuit lines.
5) Though being primitive, those codes incorporated basic principles for modern

digital serial communications systems.

6) Each letter in the alphabet and each numerical digit (0-9) was represented in Morse
code by a specific series of “dot” and “dash” symbols, a “dot” being a short pulse
and a “dash” being a longer pulse.

7) Not only could unskilled operators use teletype machines, but also the data rate far
exceeded what the best human operators could achieve.

8) The line would be either energized or not corresponding to marks or spaces made
on the teletype paper.

9) First, a system of codes is required to represent letters and numbers to spell
messages.

10) In later years, when teletype machines were designed to replace skilled operators,
the concept of frame delineation became more crucial.

11) Telegraph systems were Boolean in nature representing “dots” and “dashes” by
one electrical state of the telegraph line and pauses by another.

12) Next, some means must be employed to distinguish individual groups of bits
(generally called frames or packets) from one another not to lose their meaning.
13) When key switches actuated manually were abandoned in favor of teletype
machines, and Morse code was replaced by the Baudot (5-bit) code for representing
alphanumeric characters, the electrical nature of the telegraph remained the same.

14) However, these machines required special “start” and “stop” signals to synchronize
each character transfer, since unlike human operators they could not interpret
pauses.

15) Those machines included a typewriter-style keyboard, which marked either paper
strips or pages with dots corresponding to the 5-bit Baudot code.

16) A matching teletype machine at the receiving end converted the signal stream into

printed characters (a telegram).
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5. Evidently, in spite of their drawbacks early communications systems laid the
groundwork for modern technologies. Work with a partner and discuss why those

systems are regarded as the precursors of digital transmission.

6. Establishing methods for multiple devices to share access to acommon communications
channel is one of the crucial issues to consider before digital apparatus can transmit

information to one another.

Read the extract below that addresses this problem. Seven sentences have been
removed from the text. Choose from the sentences (A-H) the one, which fits each gap.

There is one extra sentence you need not use.

Channel Arbitration

When two or more communication devices exchange data, their communication
may be classified into one of two categories: simplex or duplex. A “simplex” network
1s one-way communication. 1) . A public-address system is another example
of a simplex communication system, since audio information goes only in one direction
(from the person with the microphone to the audience).

2) . Voice telephony is an analog example of two-way (duplex)
communication, where any person at the receiving point can hear the other person talking.
3) . In a full-duplex system, both devices may transmit data to each other
simultaneously because they have separate channels (separate wires, or optical fibers, or
radio frequencies) for their respective transmissions. 4) . A telephone system
is an example of a full-duplex system. A push-to-talk radio system (“‘walkie-talkie™) is
an example of a half-duplex system, where each person must take turns to talk.

Most industrial data networks are half-duplex. When more than two devices share
a network, there is lack of data channels to allow all of the devices to transmit and listen
to each other simultaneously. 5)

In half-duplex systems, there must some way to “inform” devices when they are
allowed to transmit. 6) . The problem is analogous to two people pressing the
“talk buttons on their two-way radio units at the same time: neither of them can hear
one another, and anyone else on this channel hears the garbled amalgam of those two
persons’ superimposed transmissions. 7) . The problem of deciding “who” is
allowed to “talk” at any given time is generally known as channel arbitration.
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A. In a half-duplex system, only one device may transmit at any time because the
devices must share a common channel.

B. In order to avoid this scenario in a half-duplex network, there must be some
strategy to coordinate transmissions so that only one device may “talk” at a
definite moment.

C. A sensor outputting digital data to a remotely located indicator over a digital
network is an example of simplex communication, where the flow of information
goes from sensor to indicator, and never the other direction.

D. Thus, virtually any network supporting more than two devices should be half-
duplex and may be limited to simplex operation in some cases.

E. Duplex communication refers to two-way data exchange.

F. Once the data is transmitted, all slave devices may receive that transmission,
since they all “listen” to the same communications channel.

G. If multiple devices sharing one communications channel attempt to transmit
simultaneously, their messages will “collide” in such a way that no device on the
network will be able to interpret either message.

H. Duplex communication is further subdivided into half-duplex and full-duplex,
referring to whether the two-way communication is simultaneous or not.
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Speaking
1. Work in groups of four. You are participants of a TV programme on Discovery Channel.

One of you is an interviewer; the others are representatives of a prosperous
electronics company, scientific-research institute and large industrial enterprise. The
debate will be dedicated to achievements in communications systems and perspectives
for data transmission technology development.

Brainstorm relevant questions to be discussed, points of view, causes and effects,
arguments and counterarguments. Make a presentation of your programme to the group.
Decide whose programme is the most interesting and informative.

Writing

1. A popular scientific periodical, whose aim is to get young people interested in science
and technology by informing them about breakthroughs in these areas, invites articles
on the most promising scientific concepts, remarkable discoveries and significant
technological advances.

Write an article about data transmission technologies for this periodical in which
outline their features, performance, advantages and drawbacks, perspectives.

Before you start writing, think of

e your target reader,

e the style that would be suitable for this article (formal, informal or neutral),
e information it should contain,

e features you can use to make the article interesting for your readers (e.g. an attention-
grabbing title, an interesting beginning, questions to encourage the readers to think,
clear and strong opinions, a thought-provoking ending).

2. Write a plan. Write an article following your plan. Write 180-200 words.
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UNIT 4

Digital Carrier Systems

Lead in

1. Data transfer can be implemented by carrier techniques or voice-frequency
transmission.

Work with your partner and discuss advantages of carrier technology over voice-
frequency transmission (consider the factor of economy — the number of channels
needed to transmit data, cost of transmission, accuracy, reliability).

Work with another pair. Compare your ideas and decide which technique is more
efficient.

2. Select some words that you would expect to find in an introductory text about
transmission systems.

carrier level wire power supply
channel interference error bandwidth
capacity loop modulation spectrum
frequency wave conversion range
speed trunk format code

3. Add some more words related to data transmission systems. Make up sentences on
the subject using the words from your lists.

Reading

1. You are going to read a text about transmission systems. First, look through the text
and decide which paragraphs are about these subjects:

e Digital carrier system application

e Telecommunication transmission procedure

e Digital transmission system operation

e Carrier technique advantages
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2. Read the text more carefully and see if you find the words you selected.

A. A telecommunication transmission link can be either a loop, which connects
a user with a serving office, or a trunk, which connects two offices. Telephone
transmission is implemented at voice frequency, or a number of voice-frequency
channels can be multiplexed together using frequency-division techniques (analog
carrier) or time-division techniques (digital carrier). The multiplexed signal can
then be transmitted over guided wave media, such as wire and optical fibers, or
through free space as in radio systems.

B. The advantage of carrier techniques over voice-frequency transmission consists in
the greater economy due to carrying many channels on a single medium element.
Though this reduces the cost per channel mile, the cost is incurred in multiplexing
the channels for transmission. Therefore, at first carrier systems were applied on
long routes with many channels. Lower-cost digital multiplexers introduced in the
early 1960s made it possible to use digital carrier in the exchange area under 50
miles. Digital carrier with digital switches eliminates the cost of digital-to-analog
conversion that is required for a voice frequency or analog trunk and can be more
economical than voice-frequency transmission.

Digital data 1 Timing
ML control

L l Modulation
Digital data 2 Digital data 1,2,3

JTULTU L] muttiplexer | T L WWI

Serialization
Digital data 3

C. The first digital carrier was the 24-voice channel 1.544 Mb/s T1 system introduced
in the USA in 1962 for short-haul (up to 50 mi) application. The major advantages
of T1 over short-haul analog systems were the lower-cost terminals due to the ease
of handling signal information on a digital system, a single codec (coder-decoder)
sharing along 24 channels, and the economy of time-division multiplexing. T1
and subsequent higher-speed digital systems on a pair of coaxial cable and optical
fiber dominated short— and medium-haul trunk applications for some years, and
loop carrier was successfully introduced to loop applications. Digital fiber-optic

systems have higher capacity and are much cheaper than analog coaxial systems.
Fast development of digital systems — particularly in short— and medium-haul
applications — have been urged by the need for digital connectivity arising from
consumer requirements and the widespread use of digital switches.
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D. Voice channels are converted to digital form and multiplexed into 24— or 30-channel

digital groups in a primary pulse code modulation (PCM) multiplex also called a
digital channel bank. If the channels are in digital form in a digital switch, the format
for transmission is performed in an exchange terminal. The resulting primary-rate
signal might then be transmitted directly to another switch or multiplexed with other
signals to a higher rate before transmission. This multiplexing may be performed
in separate multiplex or by the transmission system proper. The functions available
in the terminal equipment of various transmission systems include monitoring
of digital errors in transmission, power feeding for line repeaters, techniques for
locating a defective line repeater, automatic switching to spare equipment (line
or terminal) in case of failure. Other functions are automatic insertion of special
signals (called AIS for alarm indication signal or “blue” signals) in case of loss of
normal signal, generation of office alarms, and system-status reporting to central
maintenance locations.

Comprehension Check

1. Which of these makes the best title for the whole text?

1.

2
3.
4

l.

Transmission Systems for Telecommunication.
Transmission System Principles.
Transmission Systems — Overview.

Digital System Design and Operation.

. Think of your own title for the text.

. What do these words refer to?

this (paragraph B)

a) voice-frequency transmission  b) carrier techniques c) economy

2. that (paragraph B)

a) an analog trunk b) digital-to-analog conversion c) digital carrier

3. arising (paragraph C)

a) digital connectivity b) short-haul applications c¢) need
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4. called (paragraph D)

a) a primary PCM multiplex b) digital form c) digital groups
5. directly (paragraph D)

a) transmission b) transmitted c¢) multiplexed

4. According to the text, are the following statements true or false? If they are false,
explain why.

1.
2.

Similar multiplexing techniques are used for both analog and digital carrier.

Carrier techniques allow carrying many channels on a single medium, and
consequently, provide greater economy than voice-frequency transmission.

3. Carrier technology is suitable only for long-haul applications.

. High-speed digital systems dominated short— and medium-haul trunk applications

for some years because of significant advantages over analog systems.

. Consumers prefer analog systems rather than digital ones.

. A primary pulse code modulation multiplex or a digital channel bank is one of the

essential components for the process of converting voice channels to digital form.

. The terminal equipment of a transmission system performs a very limited number

of functions.

Language Focus

1. Fill in the gaps in the sentences below with the appropriate form of the words given.

1.

transmitted, transmitting

Once data are a).....in pulsed form at an appropriate repetition rate, the advantage is
that the same channel may be used for b)..... of several sets of information by time-
multiplexing technique.

2.

obtained, obtaining

The designer must evaluate all means of .....the desired system performance.

3.

made, making

Better characteristics canbe achieved by .....the equipment more durable, mechanically
and electrically.
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4. transmitted/transmitting, received/receiving

In most systems a single antenna is used for both a).....and b)..... .

5. been, being

The instrument has the additional advantage of .....very simple and inexpensive in
construction.

6. developed/developing, applied/applying

Nowadays innumerable components and systems are a)....for b).... in
telecommunication and data— processing as well as in radio and TV.

7. proposed/proposing, based/basing

A new a).....worldwide telecommunications system b)..... on transmitters in space
has the ability to connect two people anywhere on the globe.

8. spaced/spacing, linked/linking

The system includes 77 satellites uniformly a)..... 475 miles above the earth and
b).....by digital signals to form a cellular network.

2. Telecommunication has merged with computer technologies to make the entire
spectrum of voice, data, and graphics available. Read the text about Teletext and Videotex
systems and decide which answer A, B, C, or D best fits each space. There is an example
at the beginning (0).

Teletext and Videotex are information communications systems, which provide (0)
B to visual (text or graphics) information.

Teletextisbased onabroadcastcapability (airwave or cable). Frames are transmitted
as coded data rather than in video form to 1)... equipped television receivers. A large
number of these frames are continuously transmitted from an information-storage 2)...
in cyclic order during the vertical blanking interval of an in-use television channel or in
an 3)... unused video channel. A user typically selects the frame or frames desired for
viewing by 4)... frame-identification numbers on a key pad. The receiver 5)... the data
signal associated with the desired frame from the overall bit stream. The data signals
are then decoded, and information is stored in the Teletext receiver 6)... display on a
television set.

Videotexisbasedonatwo-way7)...telecommunicationssystemnetwork (telephone
or data). Information can be displayed on 8)... television sets or on special-purpose
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data-display terminals. Information is transmitted as modulated data bi-directionally
between the 9)... and the information source, which consists of a computer system and
associated databases. A user selects the desired information 10)... the terminal input
device, typically a key pad or a keyboard. User-to-user communications are possible
with Videotex 11)... the use of telecommunications networks for transmission.

Although Teletext service has a greater transmission bandwidth and hence higher
data-transmission speed than Videotex service, the total number of frames 12)... from
the information source is much smaller due to the limited time a user 1s willing to wait for
the desired frame to be “captured” from the continuously transmitted 13)... of frames.
On the other hand, Teletext allows 14)... information access by a virtually unlimited
number of users, while Videotex service has a limited simultaneous user capability due
to 15)... on the information source unless additional computers are provided.

0. A input B access C source D feedback

1. A suitably B properly C substantially D efficiently
2. A device B equipment C utility D facility

3. A entire B whole C complete D overall

4. A pushing B typing C entering D arranging

5. A eliminates B extracts C selects D sorts out

6. A to provide B to generate C to permit D to hold

7. A connected B transmitted C fed D switched

8. A modified B varied C updated D transformed
9. A display B terminal C storage D processor
10. A through B by means of  C across D via

11. A because of B owing to C thanks to D according to
12. A suitable B available C appropriate D sufficient
13. A stream B flow C array D chain

14. A the same

15. A supplying

B continuous

B loading

C simultaneous

D permanent

C communicating D transferring
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3. The article below is about the digital flight data recorder, the system that is vitally
important for preventing aircraft accidents. While reading the article, complete it using
the words and phrases in the box.

an applied load force  crash-proof container
recording media  similar circumstances  a binary

signal  to determine a sonar transmitter a
crucial component  moving parts filtration an
analog format Sensors

Digital Flight Data Recorders

A flight data recorder is a system designed to collect and record data from a
variety of 1)..... . These sensors are mounted throughout the aircraft to pick up data
from appliances, components and co-dependent systems. All of this data is collected and
stored digitally within a reflective, fluorescent yellow or orange 2)..... .

The collected data is critical in assisting accident investigators to understand
what went wrong and caused an aircraft accident, especially if there are no survivors.
Obviously, without this information there is a high probability that a similar accident

might occur on another aircraft under 3)..... :

The Digital Flight Data Recorder (DFDR) provides data for designing the faults
that are most likely to cause a catastrophe. Thus, it allows eliminating a disastrous
repeat of accidents. Another benefit of the DFDR system is that it can become 4).....in

a condition monitoring and reliability program.

The DFDR must meet a set of requirements, a high degree of “crashworthiness”
being of vital importance. The unit must withstand a momentary shock force and a static
crushing force at all of its six axis points of 5).....of 5,000 lbs for 5 minutes on each
axis. It is also required that these units are mounted within the tail area of an aircratft,
away from the potential crushing force of engines mounted nearby. The DFDR must be
watertight to a depth of 20,000 feet in seawater, and survive at this depth for 30 days.
It must be fitted with an underwater locator beacon which will act like 6).....sending a
signal through the water that it might be laying in.
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The first FDR was invented in 1939 and developed into a useable flight unit in
the late 1940s. The first systems were quite simple because they were entirely electro-
mechanical units with a foil as the 7).....and five styluses that scratched readings for
Heading, Altitude, Airspeed, Vertical Acceleration and Time on one side of the foil.
Soon this system was enhanced by adding three more styluses on the opposite side of
the foil for Pitch, Roll and Flap information (total eight parameters).

With the arrival of the digital unit both the survivability and reliability of this
valuable monitoring system radically improved thanks to the elimination of tapes, drive
motors, belts, and all other 8).....that were necessary with all previous versions.

Prior to the introduction of the DFDR, all data was recorded and stored in 9)....
. Analog data transmission systems easily pick up any noise along its transmission
wiring caused by poor insulation, local interference and random thermal vibrations of
the atomic particles in the wire conductors as well. All variations to the original analog
signal appear as noise. As the signal is transmitted over long distances, this noise if
not filtered ultimately degrades the signal sent from the parameter sensor. Digital data
transmission systems convert the input data into 10)....., i.e. a square-wave signal that
is a pulse representing either an “on” or “off”’, or a “1” or “0”. This digital signal is not
affected by noise, and therefore delivers pure, unaltered data to the receiving DFDR
without the need for 11)...., and the fear of losing signal data.

Every data input signal sent through a wire channel for a specific monitored system
component or condition is called a parameter. The Type 1 DFDR records all of the
parameters required 12).... accurately the aircraft’s flight path, speed, attitude, engine
power, configuration and operation. The Type 2 and 2A in addition record configuration
of lift and drag devices.

Today, the internationally recognized standard for digital data transmission on-
board aircraft through an open digital-data-bus is ARINC standard 429, which employs
unidirectional transmission of 32— bit words over two-wire twisted pairs.

ARINC is also the inventor and developer of the Aircraft Communications
Addressing and Reporting System (ACARS), along with the concept of reliability
analysis as it relates to Mean Time Between Failure (MTBF) for avionics systems.

(The extract from the article by Jeremy Cox, a former pilot and aircraft engineer, currently Vice President at Jet Brokers,

Inc., a professional aircraft sales company).
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Speaking

1. Imagine that you work for a company manufacturing digital systems for industrial
applications. Your team of three or four people is responsible for developing a strategy
for your latest product promotion to the market. Your team’s tasks are:

a) Decide on your target customers.

b) Prepare a presentation for a focus group to inform potential customers about
benefits of a product (its technical characteristics, performance, price, etc.).

c¢) Make a plan for your company’s advertising campaign specifying which advertising
media (newspapers, specialized magazines, Internet, television, radio, posters and
mail) to use to communicate your message.

Writing
1. Working in groups, write a script for a commercial to be broadcast on TV, radio or

the Internet to advertise your product.

Think of a slogan for a product and possible effects (music, sounds) in addition to a
voice to make your commercial more attractive and persuasive.

2. Role-play your commercial to the group.
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UNIT S

Avionics: On-Board Electronic Devices

Lead in

1. Operation of an aircraft is a very complicated process and a pilot needs an important
information on different stages of flight.

a) Think what information would be necessary to a pilot when he is taking off, landing

or cruising.

Make a list of on-board electronic devices which in your opinion provide a pilot with

essential information.

b) Work in pairs. Compare your list of electronic devices with that of your partner.
Discuss the differences and similarities in your lists.

Vocabulary

1. Match the key English words with their Russian translation.

. flight data recorder
. vehicle

. take-off

. altitude

. landing

. range

. failure

. data

. accurate

O 00 1 &N LD A W N =

. cruising

[SE N —
—_ O

. advantage

p—
[\

. performance

p—
[98)

. solid-state device
. traffic
. trim

—
AN Dn B~

. air traffic controller

a. B3JIET

b. mpeumy1iecTBO

C. OTKa3, aBapusl

d. TBepIOTENBHBIN TPUOOP

e. 00pTOBOI1 camonucel], «4EPHBIN LUK
f. nanHple, cBeIeHMs, HHGOPMAITUS

g. JaJIbHOCTH TIOJIeTa

h. BeIcOTa

1. TOYHBIN

J. mocajika, Mpu3eMJICHHE

k. meraTenbHBIN anmapar

l. aBuanpucneTyep

m. MOJIET C KPENUCEPCKON CKOPOCTHIO
N. JIETHBIE XapaKTEPUCTUKHU

0. IBIKEHUE BO3AYIITHOTO TPAHCIIOPTA
p. 6amaHcupoBKa
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Reading

1. Read the text below and compare information with your ideas.

All electronic systems used on aircraft, artificial satellites and spacecraft are
called avionics. Avionic systems include communications, navigation, the display and
management of multiple systems and the hundreds of systems that are filled to aircraft

to perform individual functions.

Any pilot has to know main information on take-off, landing and in flight
including: a) the position of the vehicle (altitude, distance to destination, distance
to departure point); b) the performance of the aircraft ( airspeed, trim, range,
fuel supply); ¢) outboard conditions ( wind/ground speed, local traffic, weather
conditions); d) possible extraordinary situations (collisions, fire, electrical system

failure), etc.

Special on-board devices indicate Airspeed (how fast plane is going), Direction,
Distance from departure cite, Fuel supply, Engine speed etc. Communication systems
help pilots to speak to air traffic controllers. There is a flight data recorder which fixes
all on-board happenings during a flight. At present practically all devices installed
on aircraft for control, measuring and communication are digital. Many digital
instruments are solid-state devices. They don’t have any moving parts, they withstand
high temperature, high pressure and mechanical shocks. They are accurate and simple
in usage. In general all these characteristics make digital devices more suitable for use

in aircraft.

Comprehension Check

1. Using the text and the words in the box fill in the diagram on different aspects in flight
and the information a pilot needs.

fuel supply, outboard conditions, trim, wind/ground speed, the—atreraft’s
performanee, distance departure point, cotlistons, posttionrofthe-vehiete, electrical

system failure, range, altitude, toeattraffie; fire, distance to destination, air speed,
extraordinary situation, weather conditions
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Language Focus

1. Read the following quotes from different sources of information which give defini-

tion and the most accurate explanation of avionics notion. Decide which of them are the

most acceptable and share your views with your group mates.

American Heritage Dictionary:

avionics (n)
1. (used with sing. verb)
The science and technology of electronics and the development of electronic devices

as applied to aeronautics and astronautics.

Example: Avionics has become even more important with the development of the

space program).

2. (used with a pl. verb)

The electronic systems, equipment, and other devices so developed.

Example: The avionics on this spacecraft represent a new generation of sophistication.
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Columbia Encyclopedia:

avionics — electronic instruments used in air or space flight; also the design and
production of such instruments. Early planes had few instruments, but as aviation and
aircraft became more complex, so did instrumentation. Most of the new technology
was electronic; hence, the expression “aviation electronics” arose and later shortened
to “avionics”. Avionics includes numerous types of devices, including those used
for navigation; control instruments that aid in steering and controlling the craft; and
performance indicators, such as altimeters and velocity gauges.

Science Q & A:

avionics, a term derived by combining aviation and electronics, describes all of
the electronic navigational communications and flight management aids with which
airplanes are equipped today. In military aircraft it also covers electronically controlled
weapons, reconnaissance, and detection systems. Until the 1940s, the systems involved
in operating aircraft were purely mechanical, electric or magnetic, with radio apparatus
being the most sophisticated instrumentation. The advent of radar and the great advance
made in airborne detection during World War II led to the general adoption of electronic
distance-measuring and navigation aids. In military aircraft such devices improve
weapon delivery accuracy, and in commercial aircraft they provide greater safety in
operation.

Mc Graw— Hill Dictionary of Aviation: avionics

A field of applied research in which electronic devices are adapted to use in
aviation. Avionics are aeronautical electronics, not necessarily restricted to aero-dynes
only. Although the term implies use of equipment in airborne applications only, it also
extends to ground-based equipment like radar and surface-to— air weapons.
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Scheme of Avionics
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(http://www.answers.com/topic/avionics)

2. Study the following English names of the main instruments used in pilot’s cabin and

their Russian equivalents.

1 air speed indicator — yka3zaresib BO3AYIIHONH CKOPOCTH

2 gyro compass — rupokommnac (mpulop AJisi OpUeHTAIMH B IPOCTPAHCTBE)
3 altimeter — aJIbTUMETP, BBICOTOMED

4 vertical speed indicator — yka3zarenb CKOpOCTH HaOOpa BBICOTHI

5 attitude indicator — yka3zarenab MpOCTPaHCTBEHHOTO MOJIOKEHUS

6 turn coordinator — ycTpoicTBO JyIsl pa3BoOpoTa
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3. Choose the correct name of the instrument given in the list above and insert it in the
gap of each paragraph below.

The 1 shows the aircraft position relative to the horizon. There is
a horizontal line across the middle of the instrument known as the artificial horizon. A
white bar can be seen above or below the line, depending on whether the aircraft’s nose
is pointing up or down. It also shows the position of the wings relative to the horizon
and indicates whether the plane is turning clockwise or anticlockwise. This instrument
1s very useful if visibility 1s bad.

The 2 gives information about the aircraft’s speed by measuring the
pressure of moving air pushing against the front of the plane. This ensures that the pilot
does not go too slow and stall the plane, or damage the plane by going too fast.

The 3 1s used as backup in case the attitude indicator fails. Its primary
use, nevertheless, is for checking that the plane is turning properly and not slipping
down sideways when it banks to the left or right.

The 4 1s a type of barometer marked in thousands of feet rather than
inches of mercury. It measures the air pressure and shows how high above sea level the plane
1s flying. At high altitudes, there is less air and consequently lower air pressure. It must be set
before take-off, as local sea level air pressure can change from day to day and all planes in
one area need to have their instruments set to the same correct sea level pressure.

The 5 1s a direction indicator which uses an internal gyroscope
instead of a magnet. Magnetic compasses are less accurate when the aircraft is changing
direction and speed, or in rough weather. The gyro compass should be checked against
the magnetic compass so that it can be recalibrated.

The 6 measures rate of climb or descent.

4. The following pictures present 6 instruments mentioned in Task 2. Match the names
with the pictures.
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5. Choose the best option for each of the following sentences.

1. Attitude indicator is needed ... .
a. to show direction
b. if cockpit visibility is bad

c. to define air pressure

2. Gyro compass tells the pilot ... .
a. about speed
b. about pressure

c. about direction

3. Turn coordinator ... .
a. checks planes is turning correctly
b. shows how fast plane is going

c. measures rate of wind

4 Altimeter shows the pilot ... .
a. position of wings
b. height above sea level

c. changes in pressure

5. Airspeed indicator ensures pilot...
a. maintains the right speed
b. prevents enough plane turning

C. measures pressurc correctly

6. There are many abbreviations used in area of aviation.

a) Guess full names of the following abbreviated terms of onboard devices. Consult
a dictionary if necessary.

ADF, DME, GPS, HSI, Comm, RADAR, RMI, VHF, AC, ATC, HF, VOR, AM
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b) Match up these English terms with their Russian definitions.

1. ADF a. Cucrema cBs3u

2. DME b. Paguonokarop

3. GPS c. ABromarnueckuii paguokomnac (APK)
4. HSI d. PagmoMarHUTHBIN HHAUKATOP

5. Comm e. Tenemerpuueckoe o00py0BaHUE

6. RADAR f. UunukaTrop HaBUTAIIMOHHOW 0OCTaHOBKU
7. RMI g. CucreMa onpenesieHus MmojJoKeHUs

8. VHF h. BcenanpaneHHslil kypcoBoii paguomasik Y KB-nuanazona
9.AC 1. YpaBiieHre BO3IYIIHBIM ABUKCHUEM
10. ATC J. Bricokast yactora

11. HF k. ITepeMeHHBII TOK

12. VOR . AMnIUTyTHasE MOTYJISIIHSI

13. AM m. Ouenb Bicokas yactora (OBY)

7. Read the text and:

a) decide which answer A, B or C best fits each space. Tick (v') your answer and
check it.

b) write a suitable heading to each paragraph.

1

The cockpit of an aircraft is a typical (0)  for avionic equipment, (1)
control, monitoring, communication, navigation, weather, and anti-collision systems.
The majority of aircraft (2)  their avionics using 14— or 28-volt DC electrical systems;
however, larger, more sophisticated aircraft (such as airliners or military (3) _ aircraft)
have AC systems operating at 400 Hz, 115 volts AC.

2

Communications (4)  the flight desk to the ground and the flight desk to the
passengers. On-board communications (5) by public address systems and aircraft
intercoms. The VHF aviation communication system works on the (6)  of 118.000
MHZz' to 136.975 MHz. Each channel is spaced from the adjacent ones by 8.33 kHz? in
Europe, 25 kHz elsewhere. VHF is also used for line of sight communication such as
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aircraft-to-aircraft and aircraft-to-ATC. Amplitude modulation (AM) is used, and the
conversation is performed in simplex mode. Aircraft communication can also take place
using HF ( especially for transoceanic flights) or satellite communication.

3

Navigation is the determination of position and direction on or above the (7)  of
the Earth. Avionics can use satellite-based systems (such as GPS and WAAS?), ground-
based systems (such as VOR or LORAN?*), or any combination thereof. Navigation
systems (8)  the position automatically and display it to the flight (9)  on moving
map displays. Older avionics required a pilot or navigator to plot the intersection of
signals on a paper map to (10)  an aircraft’s location; modern systems calculate the
position automatically and display it to the flight crew on moving map displays.

Notes: ' MHz — megahertz.
2 kHz — kilohertz.
3 WAAS — Wide Area Augmentation System (Cucrema maHopaMHOTo 0030pa).

* LORAN - lo(ng)-ra(nge) n(avigation) — IMmysibcHas gaapHOMEpHAs paJllOHAaBUTaAllMOHHAS

cHcTeMa.
Example:

0. A place B thing C location v’
1. A becoming B including C thinking

2. A power B pressure C measure

3. A commercial B combat C all-weather
4. A connect B contain C include

5. Ais provided B provide C are provided
6. A jassband B airband C such

7. A surface B service C system

8. A conclude B calculate C consult

9. A person B people C crew

10. A direct B determine C discuss
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UNIT 6

Avionics: On-Board Equipment

Vocabulary

1. Study some basic terminology and word combinations given in English and in
Russian.

air traffic control — ynpasieHue BO3AyIIHBIM JBUKEHUEM

traffic alert and collision avoidance system (TCAS) — cucrema ciexeHus u

pEyNPEkKICHUST OMTACHOTO COMMKEHUS
midair collision — cToKkHOBEHUE B BO3/1yXE
traffic alerting system (TRAS) — cuctema npeaynpexaeHus: 0 JBUKEHUU

controlled flight into terrain (CFIT) — koHTpoJupyeMblil ATUCTIETYEPCKOM CITy KOO

ITOJICT Ha MCCTHOCTH

ground-proximity warning systems (GPWS) — cucrema npenynpexiaeHus

OTIACHOTO CONMMKEHUS
“look ahead” — ynpexxaeHue, onepexeHue
“look down” — BHU3Y

terrain awareness warning system — cucrema, Jaronas nH(GopMaIuo 0 MECTHOCTH

lightning detector — oOHapyKuUTEIb MOJHUH
severe precipitation — ctpeMUTENbHOE MaJCHUE
turbulence — TypOyneHTHOCTB, OOJITaHKA
convective activity — akTUBHOCTb CUJI IPUPOJIbI
deviate (v) — OTKIIOHATBCS

wind shear — ciBur Betpa
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Reading

1. Read the following text and do tasks after it.

Aircraft Flight Control Systems
Aircraft have means of automatically controlling flight. Today automated flight
control is common to reduce pilot error and workload at key times like landing or takeofT.
The first simple auto-pilots were used to control heading and altitude and had limited
authority on things like thrust and flight control surfaces.
The advent of fly by wire and electro-actuated flight surfaces (rather than the
traditional hydraulic) has increased safety. The software is very strictly tested.

Collision-avoidance systems

To supplement air traffic control, most large transport aircraft and many smaller
ones use a traffic and collision avoidance system (TCAS), which can detect the location
of nearby aircraft, and provide instructions for avoiding a midair collision.

Smaller aircraft may use simpler traffic alerting systems such as TRAS, which are
passive (they do not actively interrogate the transponders of other aircraft) and do not
provide advisories for conflict resolution.

To help avoid controlled flight into terrain (CFIT), aircraft use systems such
as ground-proximity warning systems (GPWS), which use radar altimeters as a key
element. One of the major weaknesses of GPWS is the lack of “look-ahead” information,
because it only provides altitude above terrain “look-down”. In order to overcome this
weakness, modern aircraft use a terrain awareness warning system (TAWS).

Weather systems

Weather systems such as weather radar (typically Arinc 708) and lightning detectors
are important for aircraft flying at night or in instrument meteorological conditions,
where it is not possible for pilots to see the weather ahead. Heavy precipitation (as sensed
by radar) or severe turbulence (as sensed by lightning activity) are both indications of
strong convective activity and severe turbulence, and weather systems allow pilots to
deviate around these areas.

Modern weather systems also include wind shear and turbulence detection and
terrain and traffic warning systems. In plane weather avionics are especially popular
in Africa, India and other countries where air travel is a growing market, but ground
support 1s not as well developed.
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Comprehension Check

1. Define the main idea of each paragraph and find the supporting details that help to
develop the main idea.

2. In the text find the meaning of TRAS, CFIT, GPWS and TAWS.
3. Match up the words from the text with their definitions:

alerting system quick to notice any unusual and potentially dangerous or
difficult circumstances; vigilant.

transponder a device for receiving a radio signal and automatically
transmitting a different signal.

turbulence violent or unsteady movement of air or water, or of some other
fluid.

terrain a stretch of land especially with regard to its physical features.

convective activity  ‘activity in which upward motion of warmer fluid in the centre is
balanced by download motion of cooler fluid at the periphery.

precipitation the fact or quality of acting suddenly and rashly.

wind shear variations in wind velocity occurring along a direction at right
angles to the wind’s direction and tending to exert a turning force.

deviate depart from an established course.

Language Focus

e Name the tense form and comment on its use in this text. What tense form is
predominant and why? Find the examples of Modal verbs and write them down.
¢ The text above contains a number of common verb-noun partnerships.

1. Match up the following verbs and nouns to make common collocations without
looking back at the text. Check whether you know the meaning of each combination.

avoid location

detect instructions
supplement systems
overcome air traffic control
provide weakness

use midair collisions
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2. Make as many words as possible from these roots.

use avoid allow divide detect

e Write sentences using the words you have made.

Example: provide / This system provides information about possible collisions.
provider / They are the main providers of avionic systems.

Reading

1. Scan the text and answer the following questions:

1. Are there any advantages of using a glass cockpit?
2. What modernizations have been made for improving reliability of glass cockpits?
3. What new systems do modern glass cockpits include?

4. Which airplanes use glass cockpits?

A glass cockpit is an aircraft cockpit that features electronic (digital) instrument
displays. A glass cockpit has electronic (digital) instrument displays, typically large
LCD screens, rather than the traditional style of analog dials and gauges. While a
traditional cockpit relies on numerous mechanical gauges to display information, a
glass cockpit uses several displays driven by flight management systems, that can be
adjusted to display flight information as needed. This simplifies aircraft operation and
navigation and allows pilots to focus only on the most pertinent information. They
are also popular with airline companies as they usually eliminate the need for a flight
engineer, saving costs. In recent years the technology has become widely available in
small aircraft.

As aircraft displays have modernized, the sensors that feed them have modernized
as well. Traditional gyroscopic flight instruments have been replaced by electronic
Attitude and Heading Reference Systems (AHRS) and Air Data Computers (ADCs),
improving reliability and reducing cost and maintenance. GPS receivers are usually
integrated into glass cockpits.
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Early glass cockpits, found in the McDonnell Douglas MD-80/90, Boeing 737
Classic, 757 and 767-200/-300, and in the Airbus A300-600 and A310, used Electronic
Flight Instrument Systems (EFIS) to display attitude and navigational information only,
with traditional mechanical gauges retained for airspeed, altitude and vertical speed.
Later glass cockpits, found in the Boeing 737NG, 747-400, 767-400,777, A320 and later
Airbuses, Ilyushin 11-96 and Tupolev Tu-204 have completely replaced the mechanical
gauges and warning lights in previous generations of aircraft.

Modern glass cockpits might include Synthetic Vision (SVS) or Enhanced Vision
systems (EVS). Synthetic Vision systems display a realistic 3D depiction of the outside
world (similar to a flight simulator), based on a database of terrain and geophysical
features in conjunction with the attitude and position information gathered from the
aircraft navigational systems. Enhanced Vision systems add real-time information from
external sensors, such as an infrared camera. All new airlines such as the Airbus A380,
Boeing 787 and private jets such as Bombardier Global Express and Learjet use glass
cockpits.

Notes: LSD (liquid-crystal display) — >KuaKokpuCTaIITMUECKUN TUCTUICH.
gauges — U3MEpUTEIbHBIC PUOOPHI.
ADCs (Air Data Computers) — BBIYUCIUTETb BO3AYIITHBIX CUTHAJIOB.

SVS ( Synthetic Vision) — TexHu4uecKoe 3peHue.

Speaking

1. Working with your partner discuss on-board digital instruments, devices, systems
using terminology given in this Unit.
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2. Speak about advantages of using a glass cockpit.

Use the following expressions: I would never believe
To my mind....
In my opinion....
I could hardly imagine that....
I didn’t expect that...

Writing

1. Imagine that you have to prepare a written report on the use of modern avionic devices
for annual students’ conference.

Prove your knowledge of:
a. basic terminology of on-board equipment and abbreviations;

b. benefits of using a glass cockpit by famous airline companies in the 21-st
century.

Make notes before you start.
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UNIT 7

Unmanned Aerial Vehicles

Lead in

1. Today unmanned vehicles are used in various spheres of our life. Work in pairs and
discuss what these spheres are.

y o

Unmanned vehicles

/]
Military
2. Name the advantages of using unmanned flight technology.

1) More reliable

2) Safer

3)

4)

S)

6)

7)
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Reading

1. Read the text below focusing on what unmanned vehicles are and on their main types.

UNMANNED AERIAL VEHICLES

The UAV is an acronym for Unmanned Aerial Vehicle, which is an aircraft with
no pilot on board. UAVs can be remote controlled aircraft (e.g. flown by a pilot at a ground
control station) or can fly autonomously based on pre-programmed flight plans or more
complex dynamic automation systems. UAVs are currently used for a number of missions,
including reconnaissance and attack roles. The acronym UAV has been expanded in some
cases to UAVS (Unmanned Aircraft Vehicle System). The FAA has adopted the acronym
UAS (Unmanned Aircraft System) to reflect the fact that these complex systems include
ground stations and other elements besides the actual air vehicles.

Officially, the term ‘Unmanned Aerial Vehicle’ was changed to ‘Unmanned Aircraft
System’ to reflect the fact that these complex systems include ground stations and other
elements besides the actual air vehicles. The term UAS, however, is not widely used as the
term UAV has become part of the modern lexicon.

Degree of Autonomy

Some early UAVs are called drones because they are no more sophisticated than a
simple radio controlled aircraft being controlled by a human pilot (sometimes called the
operator) at all times. More sophisticated versions may have built-in control and/or guidance
systems to perform low level human pilot duties such as speed and flight path stabilization,
and simple prescribed navigation functions such as waypoint following.

From this perspective, most early UAVs are not autonomous at all. In fact, the field
of air vehicle autonomy is a recently emerging field, whose economics is largely driven
by the military to develop battle ready technology for the war fighter. Compared to the
manufacturing of UAV flight hardware, the market for autonomy technology is fairly
immature and undeveloped. Because of this, autonomy has been and may continue to be the
bottleneck for future UAV developments, and the overall value and rate of expansion of the

future UAV market could be largely driven by advances to be made in the field of autonomy.

UAV Types

e Targetand decoy —providing ground and aerial gunnery a target that simulates
an enemy aircraft or missile

e Reconnaissance — providing battlefield intelligence

e Combat — providing attack capability for high-risk missions

e Research and development — used to further develop UAV technologies to
be integrated into field deployed UAV aircraft

e Civil and Commercial UAVs — UAVs specifically designed for civil and
commercial applications.

( from http.//www.theuav.com/)
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Comprehension Check
1. Read the text again and make a list of all unfamiliar
words. Compare them with your partner. In pairs try

to guess the meaning of these words.

2. Divide the text into logical parts. Highlight the

topic sentence of each part.

3. a) In the text, find definitions of UAV, UAS, drone, operator, Civil UAV, low level

human pilot duties.

b) Match the terms on the left with the definitions and explanations on the right.
Compare them with the given in the context.

1. UAV a. asystem which performs low level human pilot duties.
2. drone b. the UAV specifically designed for civil applications.
3. operator ¢. an aircraft with no pilot on board.

4. UAS d. a human pilot who controls the UAV.

5. Civil UAV e. complex systems include ground stations and other el-

ements besides the actual air vehicles.

6. Guidance f. asimple radio controlled aircraft being controlled by a
system human pilot.

4. Say if this statements are true or false. Correct the false statements.

UAS included ground stations and other elements besides the actual air vehicles.

UAVs are always controlled by the operator.

UAVs cannot be used for gunnery a target.
UAVs are less-risk than usual Aircraft Vehicles.

UAVs are widely used for passenger service nowadays.

The market for autonomy technology is fairly immature and undeveloped.
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Language Focus

1. Read the text again and make a list of all unfamiliar words. Compare them with your
partner. In pairs try to guess the meaning of these words.

2. a) Fill in the gaps in the sentences using the words from the box. Watch out! There’s
an extra word.

unlawful outfitted sharing privacy renting
remotely pilotless  reconnaissance

1) UAVs are ... piloted or self-piloted aircraft that can carry cameras, sensors,
communications equi pment or other payloads.

2) In the 60s an experimental ... aircraft Tu-121 was created for the purpose of distant
pilotless intelligence

3) The Department of Homeland Security uses the drones to police the nation’s
borders to deter ... border crossings.

4) Currently, drones can be ... with high-powered cameras, thermal imaging devices,
license plate readers and laser radar.

5) Commercial airlines and pilots are less than thrilled with the idea of ... the sky.

6) “There’s going to be a lot more discussion of the ... issue” once police, the media,
or private detectives are able to launch hard-to-see devices with cameras aboard.

7) A small-plane pilot, Russ Freeman stumbled into drone photography after
helicopters became too expensive and cumbersome.

b) Use the words and expressions from the box in the sentences of your own.

3. Give the English equivalents to the words in brackets.

Autonomy is commonly defined as the ability to make decisions without human
(BmemrarenscTBO). To that end, (3amada) of autonomy is to teach machines to be “smart”
and act more like humans. The keen observer may associate this with the development
in the field of (uckyccrBennsIit uaTewiekt) made popular in the 1980s and 1990s such
as expert systems, (HeilpoHHble ceTn), machine learning, natural language processing,
and vision. However, the mode of technological development in the field of autonomy
has mostly followed a bottom-up approach, and recent (moctuxenus) have been largely
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driven by the practitioners in the field of control science, not computer science. Similarly,
autonomy has been and probably will continue to be considered (pacmupenue) of the
controls field. In the (o603pumom) future, however, the two fields will merge to (B
ropasno Oombineit crenenu), and practitioners and researchers from both disciplines
will work together to spawn rapid technological development in the area.

(from http://www.theuav.com/)

Speaking
1. Read the following text and discuss it with your partner using the following phrases.
e [ want to say that...
e [’d like to say that...
e Asfaras I know...
e If I not mistaken...

e In my opinion...

-
&
.-
-

=1
'ama;ml
T A i

Amazon.com hopes to deliver small packages to your home in just 30 minutes by
unmanned drones within five years, chief executive Jeff Bezos said.

Bezos said Amazon already had the technology in place and had even flown a
working prototype, which he showed off in a video the company published.

He promised “half-hour delivery, and we can carry objects, we think, up to five
pounds, which covers 86 percent of the items that we deliver”.

The rest of the work, Bezos said, is in quality control and getting the plan OK’d by
the Federal Aviation Administration — something technology experts said was unlikely
on Bezos’ time frame.

(from http://www.nbcnews.com/news/other/jeff-bezos-tells-amazon-customers-expect-home-delivery-drones-

2D11680281)
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2. Use the text below to prepare a presentation on Russian UAVs. Search the Internet
for additional information.

Russian UAVs

At the end of the 50s to address growing threats of the US nuclear attack the
USSR leaders made a decision to develop a system of distant unmanned photo and radio
reconnaissance named “Yastreb” (Russian for ‘falkon’). In the 60s an experimental
unmanned aircraft Tu-121 was built for distant unmanned reconnaissance. According
to its new purpose, it had to be equipped with photo and radio reconnaissance devices.
The deadline was tight: factory flight tests had to begin in the third quarter of 1960s,
integration testing — in a year, and in 1961 the plant in Voronezh had to release 18
production vehicles. The goal was achieved and the new unmanned reconnaissance
aircraft got the name of Tu-123 (or DBR-1).

Working on Tu-123 and Yastreb, the design office faced a number of problems
they had never had to deal with before:

e developing high-precision reconnaissance equipment and providing the
conditions for its proper operation onboard;

e developing a navigation system to ensure
the UAV’s autonomous flight along the target flight g
path and guiding it to the target area;

¢ landing the detachable container;

e necessity to ensure UAV’s self-contained

land-base and employment due to lack of appropriate
engineering facilities at the launching sites and their remote location from the stationary
maintenance depots;

e moving the vehicles under their own power within 500 km range while
maintaining their survivability;

¢ landing of the recoverable container with the reconnaissance equipment on the

ground or water;

e cfficient parachute landing system for the recoverable nose section, its separation
from fuselage while in flight;

e provision of the surveillance data processing facilities;

e automatic checking of onboard equipment;

e developing and verifying the concept of various stages of system operation;
e developing the system operational documentation for combatant forces.
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Along with A.A.Tupolev, all these problems were dealt with by V.P.Sakharov,
who was responsible for the system design management, V.I.Bliznyuk (system elements
alignment and aircraft arrangement), the launching vehicle was designed and developed
by A.V.Nadashkevich; the manufacturing of the first pilot articles was supervised by
V.P.Nikolayev; and the testing was prepared and performed by a special testing division
headed by B.N.Grozdov.

Writing

1. Write an essay (180-200 words) on one of the following topics:

e Target and decoy — providing ground and aerial gunnery a target that simulates an
enemy aircraft or missile.

e Applications of UAV.
e Pros and cons of UAV.
e UV as a breakthrough technology.
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UNIT 8

Computer Optics

Laser_ ", - du‘ “
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Lead in

1. Brainstorm as many features of the computer optics as possible.
\\ L \</
Kmputer OI@\
TN

2. Name the advantages of the computer optics and fill in the following table.

Holography oo
Fiber OptiCS o
D

DVD .......................................................................

Blu-ray e
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3. Match the terms on the left with the definitions and explanations on the right.

[a—

. holography a. a phenomena which occur when a wave encounters an
obstacle or a slit.

2. laser b. a thin glass center of the fiber where the light travels.

3. optical fiber c. a device that emits light through a process of optical
amplification based on the stimulated emission of
electromagnetic radiation.

4. core d. alength of the shortest repeating part of a “sine wave”.

5. cladding e. an outer optical material surrounding the core that
reflects the light back into the core.

6. buffer coating f. a technique which enables three-dimensional images
(holograms) to be made.

7. interference g. a plastic coating that protects the fiber from damage
and moisture.

8. diffraction h. a flexible, transparent fiber made of high quality
extruded glass or plastic.

9. wavelength i. asuperposition of two or more waves resulting in a new
wave pattern

Reading

1. Read the text below focusing on differences in various types of computer optics.

Computer Optics

Holography is a technique which enables three-dimensional images to be made.
It involves the use of a laser, interference, diffraction, light intensity recording and

suitable illumination of the recording.
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If you look at these holograms from different angles, you see objects from different
perspectives, just like you would if you were looking at a real object. Some holograms
even appear to move as you walk past them and look at them from different angles. Others
change colors or include views of completely different objects, depending on how you
look at them.

There are two basic categories of holograms — transmission and reflection.
Transmission holograms create a 3-D image when light that is all one wavelength, travels
through them. Reflection holograms create a 3-D image when laser light or white light
reflects off of their surface.

CDs and DVDs are the primary data storage methods for music, software, personal
computing and video. A CD can hold 783 megabytes of data, which is equivalent to about
one hour and 15 minutes of music, but Sony has plans to release a 1.3-gigabyte (GB)
high-capacity CD. A double-sided, double-layer DVD can hold 15.9 GB of data, which is
about eight hours of movies. These conventional storage mediums meet today’s storage
needs, but storage technologies have to evolve to keep pace with increasing consumer
demand. CDs, DVDs and magnetic storage all store bits of information on the surface of a
recording medium. In order to increase storage capabilities, scientists are now working on
anew optical storage method, called holographic memory, that will go beneath the surface
and use the volume of the recording medium for storage, instead of only the surface area.

Fiber optics (optical fibers) are long, thin strands of very pure glass about the
diameter of a human hair. They are arranged in bundles called optical cables and used to
transmit light signals over long distances.

If you look closely at a single optical fiber, you will see that it has the following
parts:

e Core — Thin glass center of the fiber where the light travels;

¢ Cladding — Outer optical material surrounding the core that reflects the light back
into the core;

¢ Buffer coating — Plastic coating that protects the fiber from damage and moisture.

Hundreds or thousands of these optical fibers are arranged in bundles in optical
cables. The bundles are protected by the cable’s outer covering, called a jacket.

Optical fibers come in two types — single-mode fibers and multi-mode fibers.

Single-mode fibers have small cores and transmit infrared laser light (wavelength
= 1,300 to 1,550 nanometers). Multi-mode fibers have larger cores and transmit infrared
light (wavelength = 850 to 1,300 nm) from light-emitting diodes (LEDs).
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Comprehension Check

Cladding

Buffer o
coating B
1. Read the text again and write down all the words that you don’t know. Guess the
meaning of the words. Compare them with those of your partner.

2. Divide the text into logical parts. Highlight the topic sentence of each part.
3. Define the main idea of the paragraph about CD, DVD.

4. Decide if these statements are true or false. Correct the false ones.

e Some holograms even appear to move as you walk past them and look at them
from different angles.

e Transmission holograms create a 3-D image when light that is various wavelength,
travels through them.

e A double-sided, double-layer DVD can hold 5 GB of data.

e Scientists are now working on a new optical storage method, called holographic
memory.

e Buffer coating — Thin glass center of the fiber where the light travels.

e Single-mode fibers have larger cores and transmit infrared light.

e Multi-mode fibers have larger cores and transmit infrared light from light-
emitting diodes.

5. Look at the text again and discuss these questions.

1. What is a holography?

. How many categories of holograms do you know?

. How many megabytes of data can CD hold?

. What types of disks can hold 15.9 GB of data?

. How 1s a new method of optical storage called, that use the all volume of the
recording medium for storage, rather than surface?

. What is a fiber optics?

. What is the wavelength of light used in multi-mode fibers?

8. What components of optical fiber do you know?
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Language Focus

1. Work in pairs:

a) Give the definitions of the following words and expressions.

DEFINITION
holography
transmission
reflection
holographic memory
fiber optics
core

cladding

ol A Sl o A

buffer coating

b) Find in text the synonyms for the following words and expressions.

SYNONYM
1. 3D image
2. glass center
3. protective layer
4. reflective cover
5. light pipe
2. Fill in the gaps with a suitable word.
1. Holography is which enables three-dimensional images to be
made.
2. Reflectionholograms create a3D image when or
reflects off of their surface.
3. Sony has plans to release a high-capacity CD.
4. Storage technologies have to keep pace with increasing

consumer demand.
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5. CDs, DVDs and all store bits of information on the
surface of a recording medium.

6. Fiber optics are long, thin strands of very pure glass about the diameter of

7. Hundreds or thousands of these optical fibers are arranged
in optical cables.

8. Optical fibers come in two types -
and

9. have small cores and transmit infrared laser light.

10. Multi-mode fibers have larger cores and transmit from
light-emitting diodes.

3. Complete the sentences so that they make sense.

1. Some holograms even appear to move as

2. create a 3-D image when light that is all one wavelength,
travels through them.

3. for music, software, personal computing and

video.

4. These conventional storage mediums meet

5. Theyarearrangedinbundles called optical cablesandusedto

6. surrounding the core that reflects the light back into the
core.

4. Use the words from ex. 1 in the sentences of your own.

Speaking

v

i J"LD Baze

Active layer
Reflective layer
Frotection layer
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1. You are visiting an international exhibition of computer optics. You see a lot of new
gadgets, devices, technologies. Sure, you have a lot of questions. Think of the questions
you would ask the experts.

Example:

e Please, tell me about the advantages of fiber optics.

e Could you tell me, where the holograms are used?

e What is the underlying principle of storage technology on CD?
e The following expressions might be helpful:

e [’d like to know...
e Could you tell me...?
¢ Excuse me, do you know...?

e Another thing I'd like to know is...
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UNIT 9

Geoinformatics

Lead in

1. The term “Geoinformatics” comprises two components. What are they? What does
“geo” mean? What language does it come from?

2. What other sciences contain “geo”? What are their subjects? Completer the diagramme.

Geography — the earth’s
physical features and the people,
plants and animals that live in

different regions of the world
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3. Match the following terms and their definitions.

1.  Cartography

2. Geodesy

3. Geographic
Information Systems

4.  Global Navigation
Satellite Systems

5. Photogrammetry

6. Remote Sensing

7. Spatial Analysis

8.  Web Mapping

4. Discuss the following.

1. What is Geoinformatics?

2. What gave rise to Geoinformatics?

3. What are Geographic Information systems?

a system of satellites that provide
autonomous geo-spatial positioning with
global coverage

the study and practice of making maps

a variety of techniques which study
entities using their topological, geometric,

or geographic properties

the process of using maps delivered
by geographical information systems; it is
both a service activity and consumer activity

the acquisition of information about an
object or phenomenon without making
physical contact with the object

the scientific discipline that deals with the
measurement and representation of the earth

the science of making measurements from
photographs, especially for recovering the
exact positions of surface points

a system designed to capture, store,
manipulate, analyze, manage, and present all
types of spatial or geographical data

4. What other fields is Geoinformatics connected with?

5. What components does Geoinformatics comprise?

6. What are the major applications of Geoinformatics?
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Reading

1. Read the following text and check your answers. Use a dictionary, if necessary.

A. Geoinformatics

Geoinformatics — also called Geographic Information Science — is the science and

the technology which develops and uses information science facilities to address the

problems of geography, geosciences and related fields of engineering.

Governments, militaries, commercial enterprises,
and other interests have always relied on information
about the land, the location and characteristics of people
and resources. For centuries, maps have served as the
primary mechanism for managing and communicating
geospatial information. In the 1960s, computerized
geographic information systems (GIS) emerged as a
means to manage and analyze such information more
efficiently and effectively.

Since then, computing power has increased, data
have become plentiful, software has become easier to
use, and the scope and complexity of questions that
Geoinformatics can solve has expanded dramatically.

A Geographic Information System (GIS) is a
computer-based system that enables users to collect,
store, process, analyze and present spatial data about
the Earth’s natural and man-made features. A GIS
references these real-world spatial data elements to a
coordinate system. These features can be separated into
different layers. For example, layers can represent terrain

characteristics, census data, demographics information, environmental and ecological

data, roads, land use, etc.

A GIS can also store attribute data, which is descriptive information of the map

features. This attribute information is placed in a database separate from the graphics

data but is linked to them. A GIS allows the examination of both spatial and attribute

data at the same time.
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GIS consists of four subsystems: input system,
database management system, geographic analysis
system and output system. GIS represents our world

elements (the geographic data) in two formats: raster

| Procedures |

and vector.

Araster model represents the world asasurface
divided into a regular grid of cells. Raster models
are useful for storing data that vary continuously, as
in an aerial photograph, a satellite image, a surface
of chemical concentrations, or an elevation surface.
Each cell contains an attribute value and location coordinates.

In the vector model, geospatial data are represented in the form of co-ordinates.
The basic units of spatial information are points, lines (arcs) and polygons. Each of these

units is composed simply as a series of one or more co-ordinate points, for example, a
line 1s a collection of related points, and a polygon is a collection of related lines. A
point could be a tree, or a house; a line feature could be a road, or a river; the polygon
features could be land parcels, lakes, etc. Vector models are useful for storing data that
have discrete boundaries, such as country borders, land parcels, and streets.

Today, there are many types of GIS software product to choose from. The main
categories that dominate nowadays are desktop, web mapping, server, virtual globe,
developer and handheld. The GIS marketplace has four key vendors that deliver ‘generic’
platforms: ESRI, Intergraph, Autodesk, and GE Energy. The most popular software
packages are: ArcGIS (ESRI, USA), GeoMedia (InterGraph, USA), GeoGraphics
(Bentley Corp., USA), Maplnfo (Maplnfo Corp., USA), STAR (STAR Company,
Belgium).

There are also open source applications, i.e. software that you can freely access
and modify the source code for. Open source GIS programs are based on different base
programming languages: “C” languages, Java, and .NET. These include: Quantum
GIS (QGIS), PostGIS, MapServer, GRASS GIS, SAGA GIS, MapWindow GIS and
others.

The future developments of GIS systems are likely to include the additional
dimension of time, giving researchers the ability to examine different Earth processes
over days, months and years. The advances in computer hardware, software and remote
sensing technology will lead to more and more GIS adopting multimedia to represent
data. The GIS of the future will also be more user-friendly and accessible to ordinary
people.
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2. The following pictures present different GIS terms used in the text. Match the names
from the box with the pictures.

spatial information attribute information vector model
raster model points lines  polygons volume real world

ﬂ Species: Oak
+] Height: 15m
(] Age: TS ¥rs
e
¢ e ©
="
1 2. 3
53°21741674272398’'N
50°17685394035652’E
4 5. 6
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3. Match various geodata usage groups and usage scenarios.

1. Urban and Regional
Planning

2. Physical Geography
and Geology

3. Botany and Zoology

4. Logistics

5. Human Geography

6. Surveying and
Photogrammetry

7.  Leisure Activities

8.  Marketing and
Financial Services

9. Medicine

10. Telecommunication,
Supply and Disposal
Industry

11.  Cartography

producing maps and 3D visualizations; analyzing
historical maps

verifying newly acquired data with existing
geodata; merging new data into existing data
sources; visualizing geodata

producing geologic and geomorphologic maps;
analyzing the potential of natural hazards;
modelling and 3D visualization of terrain surfaces
and geologic structures (faults, joints, planes, etc.);
climatic modelling; terrain modelling and analysis;
modelling, analysis and visualization of hydrologic
systems and water run-off

producing thematic maps; modelling, analyzing,
simulating and visualizing socio-economic
phenomena; geostatistics

analyzing socio-economic phenomena and patterns;
modelling and simulating effects of political
decisions with a spatial component; visualizing
planned changes in landscape and cityscape

planning and maintenance of network systems (data
lines, sewers, electricity, gas, etc.)

analyzing spatial distribution and spreading of
diseases

study the distribution of plants and animals

geo-marketing; optimizing potential store locations;
managing and optimizing advertising locations; real
estate business

fleet management and route optimization; car
navigation systems

navigation and routing services; planning and
documenting leisure time activities

4. Can you name any other applications of GIS?
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5. Can you find fourteen GIS-related words in this wordsearch? Words may go across or
back, up or down, and diagonally up or down in the grid.

CNSATELLITEEBR
ROOPARCELENAG
MI OITXVZTNSBY
YQVRTJAdYUGT V 5 Q
HMY EDABAEJUDT
PDNMRIGRLRMXD
ANQRRTNIFRYWP
RNOTOCVAVLEWW
GLTGETCVTABVES
OATLYECRKENNDO
EYLXJLRETMSYT
GEPNRDODVTVYEBN
RRQTRDZPKYTNT

6. Which of the following features refer to vector data structures and which to raster data
structures?

Vector Raster

N (NN N|N
N (NN N|N
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.

AN

8.
9.

Data are divided into cells, pixels, or elements.

Cells are organized in arrays.

Data are associated with points, lines, or boundary enclosing areas.

Row and Column numbers are used to identify the location of the cell within the
array.

It stores data as coordinates.

It represents geographic data by discretizing it equally spaced and quantizing each
cell.

. A grid system stores data as a string of characters in which each character represents

a location.
Straight line segments are displayed to indicate line based data (e.g. roads, rivers).
Common formats are .jpg, .png, .gif.

10. Common formats are: .svg, .dxf, .shp, .pdf.

7. List the advantages and disadvantages of each data system. For more information go to:

http://bgis.sanbi.org/GIS-primer/page 19.htm

http://gis.nic.in/gisprimer/data3.html

http://gis.stackexchange.com/questions/7077/what-are-raster-and-vector-data-in-gis-

and-when-to-use

or other GIS-related web-sites.

Advantages Disadvantages

Advantages Disadvantages
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8. Go to the GIS history page at http://www.gislounge.com/history-of-gis/. Fill the
timescale with the most important events in the history of GIS development. Include
such information as:

e when?

o where?
A ¢
e what? e |

e implications for GIS?

g.
1964

Harvard Graduate School of Design (USA)

Howard T. Fisher

formed the Laboratory for Computer Graphics and Spatial Analysis
a number of important theoretical concepts in spatial data handling
and software codes and systems were later developed (‘SYMAP’,
‘GRID’ and ‘ODYSSEY”)

e 00 0 00

Language Focus

1. To talk about systems, processes and procedures, we often use the passive voice.
Rewrite the text by changing the underlined active verb forms into the present simple
passive.

GIS must have capabilities for inputting data. There are three distinct phases to
the data input process: In the first phase, the design phase, you identify and code all the

features and attributes needed for your project (1) all

o the features and attributes needed for your project
~ GIS Database Design

are identified and coded. Next is the data acquisition
phase, when you acquire the needed data from various

agencies, storehouses, and organizations, and convert

Data Acquisition

(2) it into a format that your GIS programme can read
(3). Finally, in the data capture phase, you digitize
hard-copy maps and data directly into your GIS and

transform (4) existing digital data into a format that

your GIS reads (5).
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2. Using the diagramme below, describe the GIS process putting the verbs into the
present simple passive.

e.g. First, the data are captured.
Then, .......

Listening

1. Watch a video about the GIS history at. http://www.youtube.com/
watch?v=Ls8luHZOnd4. What do these figures refer to?

a) 1960°s  b) 1900’s  c¢) 1854 d) 1994 e) 426

2. Choose the correct from. Check yourself against the video.

1) The early 1990s saw the development of the capability that allowed maps (to be
split / to split / are split) into layers.

2) The world’s first true operational GIS was developed by Dr Roger Tomlinson
and (called / call / calling) Canada Geographic Information System — CGIS.

3) After the evolution of GIS followed what (could refer to / could be referred to /
could referred to) as its revolution.
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4) More recently, there (has been / have been / is) the development of a number
of free open-source GIS software (running / run / ran) on a range of operating
systems.

5) It (has been / have been / was been) timely, as the Internet was a huge leap
forward and its affect on GIS has been the concept of (viewed / view / viewing) the
GIS data over the Internet.

3. The video presents an early use of GIS describing a massive cholera outbreak in
Soho, London.

1) When did it take place?

2) Who did the first geographical analysis
of disease data?

3) What did the map show?
4) How was the outbreak stopped?

Language Focus

Comparisons
Express similarity and difference

Words for similarity and difference

Similarity Difference

Use these comparative words to show | Use these comparative words to show
similarity. difference.

These objects are the same. Those objects are different.

These objects are alike. Those objects are unalike / not alike.
These objects are similar. Those objects are dissimilar.

These objects behave similarly. Those objects behave differently.

This object is like that object. That object is unlike this object.
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Expressions for similarity and differences

Similarity Difference

Use these show

similarity.

expressions to

Use these expressions to show difference.

This object is as big as that object (is).

This object is different from that object.

This object is the same size as that
object (is).

This object is not as big as that object.

This object and the other objects are
the same.

This object is more transparent than that
object.

This object looks like that object.

This object is much more transparent
than that object.

This object is similar to that object.

This object is visible unlike that object.

This object 1s like that object.

This object 1s more like a square than a
triangular.

This object is just the same as that
object.

The shape of this object contrasts to the
shape of that object.

Both this object and that one are big.

This object in contrast to that object is
visible.

Neither this object nor that one is
small.

This object is square in contrast to that
object which is triangular.

1. Select the word that best completes the sentence.

1. Raster data is different (than/from) vector data.
2. ldentity overlay is similar (as/to) intersection overlay.

3. (Both/As well as) animations and flythroughs involve the development of
short movie clips.

4. People often mistake GPS for GIS, partly because the two acronyms sound so
much (alike/like).

5. Your business might be more successful if you could position it (closer/more
close) to your customers.

6. Spatial sampling can give you a much (more better/better) representation of
the geography.

7. Perhaps (the most/most) robust and advanced of the object-oriented models is
the ESRI new geodatabase model.

8. Because they are (same/similar) data structures, you don’t need to do a lot of
data conversion to add them to your GIS.

9. Neither Google Maps (or/nor) Google Earth is a true GIS, but they can perform
some GIS-like functions.

10.The accuracy of vector is better (than that/that than) of raster.
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Linking adverbs for similarity and difference

Similarity
A transition word (a linking adverb)
transitions the reader from the thought
in one sentence to a similar thought in
the next. The adverbial is an adverb (-ly,
-wise) or a prepositional phrase.

Difference

These transition words, called linking
adverbials, are used to relate the
information in two clauses. The adverb
relates to the entire clause rather than
the verb within the clause.

This object is arched. Similarly, that one
is rounded.

This object is arched. In contrast, that
object is square.

This object is arched. In the same

way, that one is rounded.

It may seem that this object is arched.
On the contrary, it is square.

This object is arched. Likewise, that
object is rounded.

While / Whereas this object is arched,
that one is not.

This object is arched. Equally, that object
is rounded.

This object 1s arched. However, that
one 1s not.

This object is arched. In a similar
manner, that object is rounded.

On the one hand this object is square,
on the other hand it is has rounded
corners.

2. Select the word or the expression that best completes the sentence.

1. (In contrast to/On the contrary) traditional GIS, multimedia GIS is not only
able to collect, analyze and store the data in traditional formats but also audio,
animations and video.

2. Technological development comes in distinct bursts, and (does so/so does) the
technology drive behind GIS.

3. The GIS in this type of application is (neither/both) involved in flood modelling
nor in establishing hazard potential.

4. Moreover, some maps are designed to be read close-up (as/while) others are
displayed on walls and read from a distance.

5. The Web continues to grow rapidly, and (so does/too does) the volume of
information.

6. Times change and (and does Infrastructure too/and infrastructure does too).

7. We do not focus exclusively on using only one technology, (in contrast/on the
contrary) — we focus on the customer’s needs.

8. The more information the map can show, the more likely it is that hidden
relationships will come to light. (On the other hand/On the contrary), data may

be difficult to find.
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Comprehension Check

1. What do you know about GPS? Add as much information as you can to the ideas map.

Operation )

2. Read the first sentence of each paragraph in the text. Match headings (1-5) to
paragraphs (A-E).

1. 24 GPS satellites (21 active, 3 spare) 4. The Global Positioning System
are in orbit at 10,600 miles above the (GPS) network that we all use is
earth. called Navstar.

2. GPS has always been considered a 5. GPS operations depend on a very
technology that helps GIS operations. accurate time reference, which

3. Nowadays GPS is providing new is provided by' atomic clocks on
capabilities and efficiencies in GIS. board the satellites.

GPS
Controller P,
E;;Tvmunicatiun - Diata 1S

2Py e

GRS H
Receiver &

Antenna

Office Computer
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A

It is paid for and operated by the US Department of Defence. Though designed as
a military system, it is available (with certain restrictions) to civilians. This Global
Navigation Satellite System (GNSS) is currently the only fully operational system
but Russia has GLONASS, China has COMPASS and the EU has GALILEO each at
varying stages of development or testing. France, India and Japan are in the process
of developing regional navigation systems.

B

The satellites are spaced so that from any point on earth, four satellites will be above
the horizon. Each satellite contains a computer, an atomic clock, and a radio. With an
understanding of its own orbit and the clock, the satellite continually broadcasts its
changing position and time. On the ground, any GPS receiver contains a computer that
«triangulates» its own position by getting bearings from three of the four satellites.
The result is provided in the form of a geographic position — longitude and latitude.

C

The transmitted data indicates its location and the current time. All GPS satellites
synchronize operations so that these repeating signals are transmitted at the same
instant. The signals, moving at the speed of light, arrive at a GPS receiver at slightly
different times because some satellites are further away than others. The distance to
the GPS satellites can be determined by estimating the amount of time it takes for their
signals to reach the receiver. When the receiver estimates the distance to at least four
GPS satellites, it can calculate its position in three dimensions.

D

The integration of GPS technology into GIS activities can be achieved through a
variety of means. They include: the transfer of data from GPS systems, building new
databases, integrating GPS technology into existing GIS systems, conducting spatial
analysis directly in the field.

E

Apart from being used as a GIS data collection tool, GPS can locate precisely objects
(called features) which are then mapped and described in terms of a multi-layered
database. Accuracy of GPS data is another important consideration. When used
autonomously, GPS, is accurate to approximately 12 m. Dual-Frequency receivers
are capable of providing sub-centimetre GPS position. The creation of geographic
information as user-generated Web content breaks down of the traditional distinction
between experts and amateurs. Amateurs began to create “mash-ups”, using the APIs
of Web services to produce digitals map of the world relying on social networking and
GPS (“Neogeography™).
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3. Put the paragraphs in the correct order (1-5).

4. Answer the questions.

1. What is GPS?

. Which GPS network is most widely used nowadays?

. What is the name of the Russian global navigation satellite system?
. What is the time reference provided by?

. When can the receiver calculate its position in three dimensions?

. How can the distance to the GPS satellites be determined?

. How are the satellites spaced above the earth?

. How accurate are GPS data?

10. What is neogeography?

O 3 N D B W

5. One can “see” a GPS satellite if you can draw a straight line connecting the GPS
receiver to the GPS satellite that does not go through any objects (including the Earth).
In answering the following questions, assume that the observers are holding their GPS
receivers near their heads.

9.

W

S P!

. Which GPS satellites can Observer A see?
. Which GPS satellites can Observer B see?
. Which satellites can be seen by both Observers Aand B? (This is called «simultaneous

visibility.»)

. Which satellites cannot be seen by either Observer A or Observer B?
. If the tree were removed, which satellites would now become visible to Observer

A? To Observer B?

. Which satellites does the house prevent Observer A from seeing? Observer B?
. If the tree and the house were removed, which Observer could detect all the

satellites?

. If the tree and the house were removed, which Observer would not be able to see

all the satellites? Why not? (What gets in the way?)
Draw an arrow indicating the direction that Satellite 5 would be moving if it were
rising from the Observers’ viewpoint. Which Observer would see it first?

10. Which satellites are visible more often, satellites directly overhead or satellites

near the horizon? Why?
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Listening 2

1. Watch a video about how GPS works at. http://www.youtube.com/
watch?v=3zRIbboMvb0#t=35 . Answer the questions.

1. Why do four satellites need to be visible?

2. How does GPS locate itself?

3. What is trilateration?

4. How do GPS receivers know how far they are from the satellite?
5. Do satellites have stop watches?

6. What happens if a satellite malfunctions?

7. What would happen if GPS was only receiving a signal from one or two satellites?

Speaking

1. To make a question more polite, we can begin it with a phrase like Could you tell
me...? Could I ask you...? I'd like to know...?

There are two important facts about such Indirect Questions:
The word order of an indirect question is like a normal statement:

DIRECT: How would GIS software help?

INDIRECT: Could I ask you how GIS software would help?

here there is no question word we use if or whether:

DIRECT: Does the map look balanced?

INDIRECT: Could you tell me if the map looks balanced?

Look at the questions from Listening 2. Make them indirect.

e.g.
1. Why do four satellites need to be visible? — I°d like to know...
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2. Choose two GIS software packages. Using information from the Internet, compare
them in terms of:

® cost,

e functionality,
e usability,

e reliability.

Use words and expressions of comparison from Language Focus 2. Work in pairs.

e.g. OGIS has a faster startup time than ArcGIS. On the other hand, ...

3. Choose one of geodata usage groups (Reading 1) or another area of GIS application
and make a presentation.

Writing
1. Write a short essay (about 250 words) on one of the following topics.

1. GIS history.

2. GIS future trends.

3. Geocaching: Adventure or Sport?
4. Ethical GIS practice.

5. GPS: Global Competition.

6. Neogeography.
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UNIT 10

Satellite Navigation Systems: GPS

Lead in

1. “Where am I? How do I get to my destination?” These questions have been asked
since ancient times. Various techniques have been tried for centuries to find a solution
for the problem of identifying positions.

Work in pairs and brainstorm at least three reasons why people might need to determine
their position.

2. Discuss the following questions.

a) In what areas is identifying location of vital importance?
b) What technologies, techniques and instruments are used to determine a position?
c) What techniques do you use to identify your position and find a way? Do you like

maps or prefer using a satellite navigation system? Why?

3. Work with another pair. Compare your ideas and agree on the most efficient technology
for determining positions. Think of as many arguments as possible to confirm your
conclusion.
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Vocabulary

1. Satellite navigation systems have revolutionized the area of navigation and proved to
be the most efficient and reliable for establishing locations.

These are some basic words used in relation to satellite navigation. Match the
terms in the box with the definitions below.

coverage eccentricity constellation inclination tracking

sidereal hour ~ Doppler shift (frequency) semi-major axis
sine wave (carrier frequency)

1. The activity of continuous checking and recording the position and movements of
space vehicles and satellites.

2. A parameter that determines the amount by which an astronomical object’s orbit
around another body deviates from a perfect circle. A value of zero is a circular
orbit, values between 0 and 1 form an elliptical orbit.

3. A 24" part of a sidereal day (the time required for a complete rotation of the earth
in reference to any star, it is about 4 minutes shorter than a mean solar day).

4. The geographic area where a communications system can operate.

5. Oneofthesix orbital parameters that describes the shape and orientation of a celestial
orbit. It is the angular distance of the orbital plane from the plane of reference (for
satellite orbits it is usually the equatorial plane, the plane perpendicular to the axis
of rotation of the central body), normally measured in degrees.

6. Any periodic oscillation with the waveform of a sine curve, its amplitude, frequency
or phase is varied or modulated to transmit a signal.

7. The amount of the change in the frequency of a wave due to the specific effect (it
1s named after the Austrian scientist who discovered it. It consists in the change
in the wavelength (or frequency) of energy in the form of waves, e.g. sound or
wave, resulted from motion either the source or the receiver of the waves), usually
expressed in hertz.

8. A number of satellites that are part of a system and have a similar orbit.

9. Either of the equal line segments into which the major axis of an ellipse is divided
by the center of symmetry.
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2. Form derivatives (nouns, adjectives and adverbs) from the verbs below.

navigate operate receive transmit

use orbit equip

3. Make up sentences using some of the words you have formed.

Reading

1. You are going to read the article about GPS, the global navigation system. Before
you read the text, take a guess and choose the correct option to fill in the spaces in the
sentences below.

Then compare your answers with those of your partner and decide whose guesses are
more accurate.

1. GPSisa U.S. ... global navigation system.
a) ground-based b) sea-based c) space-based
2. The system was developed in the early ... .

a) 1960s b) 1970s c) 1990s
3. GPS comprises ... satellites orbiting the Earth.

a) 24 b) 38 c) 52
4. GPS consists of ... segments.

a)5 b) 4 c)3
5. Each GPS satellite transmit a ... radio signal.

a) very-high frequency b) microwave ¢) ultra-high frequency

6. The transmitted signals are controlled by ... onboard the satellites.

a) atomic clocks b) computers c) antennas

7. GPS is currently available to ... .
a) military users b) civilian users c¢) both military and civilian users
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2. Read the text and check whether your guesses were right.

GPS: The Components and Basic Concept

1. The Global Positioning System (GPS) is a satellite-based navigation system
that was developed by the U.S. Department of Defense in the early 1970s. GPS was
designed as a military system to fulfill U.S. military needs. However, later it become
available to civilians, and now it is a dual-use system that can be accessed by both
military and civilian users.

2. GPS provides continuous positioning and timing information, anywhere in the
world under any weather conditions. Since the system not only serves an unlimited
number of users but also is used for security reasons, GPS is a one-way-ranging (passive)
system, i.e. users can only receive the satellite signals.

GPS Navigation

3. GPS consists of a constellation of 24 operational satellites. This constellation,

known as the initial operational capability (IOC), was completed in July 1993. To ensure
continuous worldwide coverage, GPS satellites are arranged so that four satellites are
placed in each of six orbital planes. This constellation geometry allows making four to
ten GPS satellites visible anywhere in the world at an elevation angle of 10°.

4. GPS satellite orbits are nearly circular (an elliptical shape with a maximum
eccentricity is about 0.01), with an inclination of about 55° to the equator. The semi-
major axis of a GPS orbit is about 26,560 km (i.e., the satellite altitude of about 20,200
km above the Earth’s surface). The corresponding GPS orbital period is about 12 sidereal
hours (~11 hours, 58 minutes). The GPS system was officially declared to have achieved
full operational capability (FOC) on July 17, 1995, ensuring the availability of at least
24 operational GPS satellites. In fact, the number of satellites in the GPS constellation
has always been more than 24 operational satellites.
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5. GPS consists of three segments: the space segment, the control segment, and
the user segment. The space segment includes the 24-satellite constellation. Each GPS
satellite transmits a microwave radio signal composed of two sine waves (also known
as carrier frequencies) modulated by two digital codes and a navigation message. The
two carrier frequencies are generated at 1,575.42 MHz (referred to as the L1 carrier) and
1,227.60 MHz (referred to as the L2 carrier). The corresponding carrier wavelengths are
approximately 19 cm and 24.4 cm, respectively, which result from the relation between
the carrier frequency and the speed of light in space. The availability of the two carrier
frequencies allows for correcting a major GPS error, known as the ionosphere delay.
All of the GPS satellites transmit the same L1 and L2 carrier frequencies. The code
modulation, however, is different for each satellite, which significantly minimizes the
signal interference.

The codes and the navigation message are added to the carriers as binary bi-
phase modulations. The carrier and the codes are used to determine the distance from
the user’s receiver to the GPS satellites. The navigation message contains, along with
other information, the coordinates (the location) of the satellites as a function of time.
The transmitted signals are controlled by highly accurate atomic clocks onboard the
satellites.

The control segment of the GPS system consists of a worldwide network of
tracking stations, with a master control station (MCS) located in the United States at
Colorado Springs, Colorado. The primary task of the operational control segment is
tracking the GPS satellites to determine and predict satellite locations, system integrity,
the satellite atomic clock operation, atmospheric data, the satellite almanac (rough orbits
and status information for each satellite in the constellation). This information is then
packed and uploaded into the GPS satellites through the S-band link.

The user segment includes all military and civilian users.

SPACE SEGMENT
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6. The idea behind GPS is rather simple. A GPS receiver picks up the GPS signal
through the antenna and processes it using its built-in software. The outcome of the signal
processing is the distances to the GPS satellites in the form of digital codes (known as

the pseudo-ranges) and the satellites coordinates through the navigation message.

7. One of the important GPS uses is determining the user’s velocity by
several methods. The most widely used method is based on estimating the Doppler
frequency of the received GPS signal. It is known that the Doppler shift occurs
due to the relative satellite-receiver motion. GPS may also be used in determining
the attitude of a body, such as an aircraft or a marine vessel. The word «attitude»
means the orientation, or the direction, of the body, which can be described by
the three rotation angles of the three axes of the body with respect to a reference
system. Attitude is determined by equipping the body with a minimum of three GPS
receivers (or one special receiver) connected to three antennas, which are arranged

in a non-straight line. Data collected at the receivers are then processed to obtain
the attitude of the body.

Comprehension Check

1. Find words in the text with the following meaning.

to have the right or opportunity to get or use something (e.g. information)
happening without stopping or being interrupted

to provide something that people need

able to be seen

the height of an area of land, usually measured from sea level

to send data or programs from one computer to a larger system

a mistake, e.g. in a calculation or a decision

the quality of being in a good condition, without any damage or mistakes

A S S N S e

the ability to do something in a precise way

2. The text contains a number of important collocations (fixed expressions). Match
words in A with words in B to make collocations and use them to complete the sentences
given below.
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240

9.

A B
1. worldwide a. code
2. navigation b. wavelength
3. weather c. software
4. digital d. coverage
5. atomic i. interference
6. reference f. conditions
7. built-in g. station
8. carrier h. clock
9. tracking i. system
10. signal j. message

. The ... result from the relation between the carrier frequency and the speed of

light in space.

. The ... contains, along with other information, the coordinates of the satellites

as a function of time.

. The receiver processes the GPS signal using its ... .
. GPS provides positioning and timing information worldwide under any ... .

. The transmitted signals are controlled by highly accurate ... onboard the

satellites.

. Attitude of the body can be described by the three rotation angles of the three

axes of the body with respect to ... .

. To provide continuous ... , GPS satellites are arranged so that four satellites are

placed in each of six orbital planes.

. One of the outcomes of the signal processing includes the distances to the GPS

satellites through ... .

The control segment of the GPS system consists of a worldwide network of ...

10. The code modulation is different for each satellite to minimize ... .
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3. Ask questions to which the following statements could be answers.

a. To fulfill U.S. military needs.

b. Because GPS serves an unlimited number of users.

c. Four to ten GPS satellites.

d. Two sine waves, two digital codes, and a navigation message.
e. The availability of the two carrier frequencies.

f. To all users worldwide.

g. Because of the relative satellite-receiver motion.

h. By equipping the body with three GPS receivers.

4. The text can be divided into several logical parts. How many parts can be
distinguished? What is the topic of each part? Think of a title for each part and write
an outline of the text.

Compare your outline with this of your partner. Do you have the same or different
number of parts?

5. Find words in the text with the following meaning.

Language Focus

1. Work in pairs and discuss what experimental satellite navigation systems led to the
development of the modern positioning systems.

To find out more about the history of GPS and check your ideas read the passage
below. The sentences in the passage have been jumbled. Rearrange the sentences to
make up a complete text.

History OF GPS

1. The design of GPS is based partly on similar ground-based radio navigation systems,
such as LORAN and the Decca Navigator developed in the early 1940s, and used
during the Second World War.

2. The first GPS satellite was launched in 1989 and the 24™ was put into orbit in 1994.

3. A team of U.S. scientists led by Dr. Richard B. Kushner was monitoring Sputnik’s
radio transmissions.
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4.1In 1967, the U.S. Navy developed the Timation satellite, which proved the feasibility
of placing accurate clocks in space, a technology that GPS relies upon.

5. The launch of the first artificial satellite, Sputnik, by the Soviet Union in 1957
inspired another stage in the GPS development.

6. The first satellite navigation system, Transit, used by the United States Navy was
successfully tested in 1960.

7. Initially, the highest quality signal was reserved for military use, and the signal
available for civilian use intentionally degraded (Selective Availability).

8. In the 1970s, the ground-based Omega Navigation System operating on phase
comparison of signal transmission from pairs of stations became the first worldwide
radio navigation system.

9. They discovered that, because of the effect, the frequency of the signal being
transmitted by Sputnik became higher as the satellite approached and lower as it
continued away from them.

10. It used a constellation of five satellites and could provide a navigational fix
approximately once per hour.

11. In 1983, President Ronald Reagan issued a directive making GPS freely available
for civilian use as soon as it was sufficiently developed.

12. Selective Availability was cancelled in 2000, thus, the precision of civilian GPS
was improved from 100 meters to about 20 meters.

13. They realized that since they knew their exact location on the globe, they
could pinpoint the satellite position along its orbit by measuring the Doppler
distortion.

2. Positioning, or finding the user’s location, with GPS requires some understanding of
the GPS signal structure and how the measurements can be made.

Read the text about the signal structure and fill in the gaps with appropriate words. You
should use auxiliary verbs, articles, prepositions, conjunctions and pronouns. There is
an example (0) at the beginning.

GPS Signal Structure

The two GPS codes (0) are called coarse acquisition (or C/A-code) and precision
(or P-code). Each code consists 1) ...a stream of binary digits known 2) ... bits or
chips. The codes are generated using a mathematical algorithm. The C/A-code is
modulated onto the L1 carrier only, 3) ... the P-code is modulated onto both the L1
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and the L2 carriers. This modulation is called bi-phase modulation, 4) ... the carrier
phase is shifted by 180° when the code value changes from zero to one or from one
to zero.

The C/A-code is a stream of 1,023 binary digits that repeats 5) ... every
millisecond. This means that the chipping rate of the C/A-code is 1.023 Mbps. 6)
..., the duration of one bit is approximately one millisecond that is equivalent to
300m. Each satellite is assigned a unique C/A-code that enables the GPS receivers
to identify 7) ... satellite is transmitting a particular code. 8) ... C/A-code range
measurement is less precise compared 9) ... that of the P-code. It is, however, less
complex and is available to all users.

The P-code is a very long sequence of binary digits that repeats itself after
266 days. It is also ten times faster 10) ... the C/A-code (i.e., its rate is 10.23 Mbps).
The 266-day-long code 11) ... divided into 38 segments, each is one week long. 32
segments of these segments are assigned to the various GPS satellites. That is, each
satellite transmits 12) ... unique 1-week segment of the P-code, which is initialized
every Saturday/Sunday midnight crossing. The remaining six segments are reserved
for 13) ... uses. A GPS satellite is usually identified by 14)... unique 1-week segment
of the P-code. The P-code is designed primarily 15) ... military purposes.

The GPS navigation message is a data stream added to both the L1 and the
L2 carriers as binary bi-phase modulation 16)... a low rate of 50 kbps. It includes
25 frames of 1,500 bits each, or 37,500 bits in total. This means that the transmission
of the complete navigation message takes 750 seconds, or 12.5 minutes.
The navigation message contains the coordinates of the GPS satellites as a function
of time, the satellite health status, the satellite clock correction, the satellite
almanac, and atmospheric data. Each satellite transmits its own navigation message
with information on the other satellites, 17) ... the approximate location and health
status.

3. The GPS signal is picked up by a GPS receiver. Therefore, understanding the
features and limitations of various types of GPS receivers is essential.

The passage below is about the GPS receiver types. Skim it quickly without
paying attention to the gaps in order to find out:

v what types of GPS receivers are available;

v what features should be taken into account while choosing a GPS receiver.
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4. Read the text and decide which word A, B, C or D best fits each space. There is an
example (0) at the beginning.

Types of GPS Receivers

In 1980, only one commercial GPS receiver was available on the market at a
price of several hundred thousand U.S. dollars. The situation, however, has changed (0)
considerably since more than 500 different GPS receivers are available in the market
today. A GPS receiver requires an antenna 1) .....to it, either internally or externally.
The antenna receives the incoming satellite signal and 2) .....its energy into an electric
current, which can be handled by the GPS receiver.

Commercial GPS receivers can be divided into four types, according to their
receiving 3) ..... . These are single-frequency code receivers, single-frequency carrier-
smoothed code receivers, single-frequency code and carrier receivers, and dual-
frequency receivers. Single-frequency receivers access the L1 frequency only, while
dual-frequency receivers access both the L1 and the L2 frequencies. GPS receivers
can also be categorized according to their number of tracking 4) ....., which varies
from one to 12. A good GPS receiver would be multichannel, with each channel 5)
.....to continuously tracking a particular satellite. Most GPS receivers have from nine
to 12 independent (or parallel) channels. Features such as cost, ease of use, power 6)

..., size and weight, internal and/or external data-storage capabilities, interfacing
capabilities, and multipath mitigation are to be considered when choosing a GPS
receiver.

The first receiver type, the single-frequency code receiver, measures the pseudo-
ranges with the C/A-code only. No other measurements are available. It is the least
expensive and the least 7) .....receiver type, and is mostly used for recreation purposes.

The second receiver type, the single-frequency carrier-smoothed code receiver, also
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measures the pseudo-ranges with the C/A-code only. However, with this receiver type,
the higher-resolution carrier frequency is used internally to 8) ... the resolution of the
code pseudo-range, which 9) .....in high-precision pseudo-range measurements. Single-
frequency code and carrier receivers output the raw C/A-code pseudo-ranges, the L1
carrier-phase measurements, and the navigation message. In 10) ....., this receiver type
1s capable of performing the functions of the other receiver types.

Dual-frequency receivers are the most 11) .....and expensive receiver type that
outputs the key GPS signal components.

0. A importantly B consistently C considerably D very

1. A attached B attendant C adjacent D adjoined
2. A circulates B combines C converts D collects

3. A opportunities B chances C capabilities D functions
4. A paths B channels C ways D routes

5. A destined B derived C deserved D dedicated
6. A use B consumption  C dissipation D application
7. A popular B accurate C available D widespread
8. A improve B modify C upgrade D change

9. Aleads B indicates C results D presents
10. A fact B conclusion C general D addition
11. A sophisticated B fashionable C eye-catching D amazing

5. Read the extract about measuring the range to the satellites and choose the correct
form in each case.

Pseudo-Range Measurements

The pseudo-range is a measure of the range, or distance, between the GPS receiver
and the GPS satellite (more precisely, it is the distance between the GPS receiver’s
antenna and the GPS satellite’s antenna). The ranges from the receiver to the satellites
can be used for 2) measuring / measured the pseudo-range.
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The procedure of the GPS range determination can be described as follows.
Let us assume that both the satellite and the receiver clocks, which control the signal
generation, are perfectly3) synchronizing / synchronized with each other. When the
code is transmitted from the satellite, the receiver 4) is generated / generates an exact
replica of that code. The transmitted code will 5)be picked up / pick up by the receiver
in a moment equal to the signal travel time in space. Comparing the 6) transmitted /
having transmitted code and its replica, the receiver can compute the signal travel
time. Multiplying the travel time 7) to /by the speed of light 8) gives / is given the
range between the satellite and the receiver.

¢ %

Unfortunately, the assumption that the receiver and satellite clocks are
synchronized 9) are / is not exactly true. In fact, the measured range is deteriorated,
along 10) in / with other errors and biases, by the /1) synchronize / synchronization
error between the satellite and receiver clocks. For this reason, this quantity is referred
12) on / to as the pseudo-range, not the range.

GPS was designed so that the range 13) determining / determined by the civilian
C/A-code would be less precise than that of military P-code. This is based /4) on / in
the fact that the resolution of the C/A-code, 300m, is ten times lower than the P-code.
Surprisingly, 15) because /due to the improvements in the receiver technology, the
obtained accuracy was almost the same from both codes.
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6. Although GPS was originally designed as a military system, its civil applications
have grown much faster. Nowadays GPS has numerous land, marine and airborne
applications.

Work in groups and brainstorm what benefits people derive from using GPS. Make a list
of the most important GPS applications.

Compare your views with those of your group-mates and decide on the most vital and
perspective GPS uses.

7. Read the text about GPS applications and check whether your ideas were right. Ten
sentences have been removed from the text. While reading, choose from the sentences
(A—K) the one, which fits each gap. There is one extra sentence you need not use.

GPS Applications

GPS has found its way into many industrial applications, replacing conventional
methods in most cases, because it provides high-accuracy positioning in a cost-effective
manner. The GPS technology is indispensable for mapping, surveying, monitoring
different structures and activities, automatic machine guidance and control. Vehicle
tracking and navigation are among the most rapidly growing applications.

Accurate and up-to-date maps of utilities are essential for utility companies.
1 . The GPS system provides a cost-effective, efficient and accurate tool for
creating utility maps. With the help of GPS, locations of gas lines can be accurately
collected, along with their conditions. Buried utilities such as electric cables or water
pipes can also be mapped efficiently using GPS.
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GPS has been applied successfully in many areas of the forest industry. Typical
applications include fire prevention and control, harvesting operations, insect infestation,
boundary determination and aerial spraying. 2 . GPS is a key technology that
enables a system operator to identify and monitor the exact location of the resources.

Civil engineering works are often done in a complex and dangerous environment,
making it difficult for personnel to operate efficiently. 3 . Construction firms
use GPS in many applications such as road construction and fleet management.

Since its early development, GPS has been used for monitoring the stability of
structures, an application that requires the highest possible accuracy. The system is used
for monitoring the deformation of dams, bridges, TV towers and ground subsidence of
oil fields and mining areas. 4

Slow-deforming structures such as dams require sub-millimeter— to millimeter-
level accuracy to monitor their displacement. Although this accuracy level may be
achieved with GPS alone under certain conditions, it is not a cost-effective method.
To monitor such structures effectively, GPS should be supplemented with geotechnical
sensors and special types of stations. Bridges, in contrast, are subjected to vibrations
caused by dynamic traffic loads. 5

GPS is successfully used for topographic mapping of small-size areas. A user takes
positions of the points on the ground where the topography changes for producing the
topographic map of that area. However, the use of GPS alone becomes time-consuming
and cost-ineffective for mapping large areas, coastal areas, forests and inaccessible areas.

Traditionally, classical airborne photogrammetry was applied for this purpose.
6 . For practical use, the captured images must first be related to the geodetic
reference system, a process known as geo-referencing the images. In classical airborne
photogrammetry, the geo-referencing is done indirectly with the help of a number of
ground control stations with known geodetic coordinates and their corresponding image
coordinates. 7 . The use of GPS in airborne photogrammetry has significantly
reduced the required number of ground control points. Direct geo-referencing of the
captured images can be achieved when using an integrated GPS/ inertial system onboard
the aircraft that allows the captured images to be directly related to the geodetic reference
system without using ground control points.

8 . LIDAR uses an airborne laser scanner to measure the altitude of
the points above the ground level. Combining the GPS/inertial-based position and
orientation of the laser with the measured altitude of the points leads to direct acquisition
of accurate digital elevation models (DEM). Another advantage of the LIDAR system is
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that the data can be collected at night as well as under cloudy and high wind conditions.
Moreover, the LIDAR system can be used in mapping featureless areas such as deserts
and areas covered by snow and ice and is attractive to the forest industry as well.

The technology incorporating GPS with digital road maps and a computer allows
obtaining route guidance electronically with a touch of a button. The vehicle location
1s superimposed on an electronic digital road map, containing in its database digital
information such as street names and directions, airports, attractions, and other related
information. 9 . Factors such as shortest distance and time to destination, one-
way roads, illegal turns, and rush-hour restrictions, are all considered in the path finding.
The driver usually gets turn-by-turn instructions, with audio and/or visual indications,
to the destination. If the driver misses a turn, the system displays a warning message
and finds an alternative best route based on the current location of the vehicle. Some
manufacturers add wireless systems to provide weather and traffic information and to
locate the vehicles in case of emergency as well as the Internet access from their vehicles.
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Differential Systems.

GPS has become the most valuable method of navigation in the modern aviation
world due to its accuracy, reliability and ease of use. The GPS system applies triangulation
technique to determine the exact aircraft position and provide pilots with precise location
data. 10

Some high-end GPS receivers even provide turn-by-turn navigation assistance
when taxiing an aircraft on the ground.
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A. The GPS ability to provide real-time sub-meter— and centimeter-level accuracy in
a cost-effective way has significantly changed the civil engineering industry.

B. Integrated GPS/GLONASS and GPS/digital barometer systems have been used in
situations of poor GPS signal reception.

C. To monitor effectively such cyclic deforming structures dual GPS receivers should
be located at several points with maximum amplitude of cyclic deformation.

D. The availability of such maps helps electric, gas and water utility companies to
plan, build and maintain their assets.

E. Other applications such as airborne remote sensing and light detection and ranging
(LIDAR) benefit greatly from direct geo-referencing using the integrated GPS/
inertial system.

F. Deformation monitoring is done by taking GPS measurements over the same area
at different time intervals.

G. Modern GPS receivers supply real-time air traffic information, weather reports,
coloured terrain mapping and airport directory information.

H. Since the forest service encounters thousands of fires every year, an efficient
resource-management system is essential.

I. In recent years, GPS has been used onboard the aircraft to provide the precise
position of the aerial camera and the precise time of each aerial exposure.

J. Once the driver inputs a destination the built-in computer finds the best route to
reach that destination.

K. With this method, an aircraft-mounted camera captures a sequence of images for
the area to be mapped.

Speaking

1. The research laboratory you work for specializes in developing innovative
communications systems. Your team is responsible for a concept of an advanced GPS
receiver. Hold a meeting with your partners to decide on.

performance and technical characteristics of a receiver
its purpose and functions it will provide

operational principles

optional features, upgrading

areas of application

budget you would need to develop and test a receiver
how you are going to promote a receiver

CAULRRRS
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2. Take turns to make a presentation of your concept to the group. Which project is
the best?

3. Work in two groups:

Group A. You are designers of a new enhanced GPS receiver.

You have been invited to participate in an international exhibition and present your
device. Be prepared to demonstrate your device and answer visitors’ questions.

Group B. You are visitors to an international exhibition.

You are interested in innovative satellite systems. Brainstorm questions you could ask
about a new GPS receiver you see at the exhibition. You would like to find out about
its performance, functions, features, advantages and price.

4. Role-play your conversation.

Writing

1. You have been asked to write a review of GPS receivers currently in the market for a
popular website on electronic gadgets.

In your review, you should describe models available in the market at present,
express your opinion of them highlighting their advantages and drawbacks and make
recommendations which one to choose.

2. Write a plan for your review including:

= Introduction: available models, your opinion of them
* Main body: description of gadgets, analysis of their advantages/drawbacks

= Conclusion: a recommendation

3. Write your review. Write 180-200 words.
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UNIT 11

Satellite Navigation Systems: GPS or GLONASS?

Lead in

1. It is undeniable that GPS has become indispensable worldwide. It plays a crucial role
in an enormous range of activities. Nevertheless, is GPS the only system available for
navigation nowadays?

Work in pairs and brainstorm at least three reasons why people might need to determine
their position.

1. What other satellite navigation systems have been developed in the world?

2. What countries are planning to develop satellite-based navigation systems?

2. Try to guess what acronyms GNSS, GLONASS, DORIS stand for.

Compare your ideas with those of other students. Whose guesses are more accurate?

3. To check whether your guesses were correct read the extract below. While reading
complete it by filling in the gaps with the words and phrases in the box.

satellites term  positioning
satellite navigation systems
Doppler  coverage

252



AHenutickul 53bIK 05151 cmydeHmo8 aspoKOCMUYECKO20 rpouris

GPS, GNSS, GLONASS or DORIS?

These acronyms refer to all types of 1) ..... . They provide geo-spatial 2) .....
across the earth using a system of 3) ..... . A system with global 4) ..... is known as
a global navigation satellite system (GNSS). At present, there are only two GNSS
in the world. These are the USA’s global positioning system (GPS) and the Russian
GLONASS (global navigation satellite system). China are expecting their Compass
navigation system to be a global system by 2020 and the European Galileo positioning
system should go global shortly after this date.

GNSS is therefore a generic 5) ..... for systems such as GPS and GLONASS.

DORIS is the 6) ..... Orbitography and Radio positioning integrated by satellites
system, which is a navigation system being developed by France.

Reading

1. The article below is about GLONASS, the Russian navigation system. Before you,
read try to predict what issues will be discussed in the text choosing the statements from
those given below.

Purpose of GLONASS

GLONASS architecture

History of GLONASS

The GLONASS signal components
GPS/GLONASS integration

Difference between two systems

Problems with GPS/GLONASS integration
Advantages of GLONASS over GPS
GLONASS applications

LU ]

2. Read the text to check if your predictions were right.

GLONASS Satellite System

GLONASS is an all-weather global navigation satellite system developed by the
Russian Federation. The GLONASS satellite system has much in common with the GPS
system and provides reliable positioning, navigation, and timing services to users on a
continuous worldwide basis freely available to all. It can be considered as an alternative
and complementary to other GNSS systems such as the United States’ GPS, the Chinese
BeiDou navigation system and the planned Galileo system of the European Union.
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The first Soviet navigation spacecraft “Cyclone” was launched into orbit in
1967.This was the beginning of the first Soviet low orbit navigation system, called
“Cicada”. It consisted of four satellites placed in circular orbits at an altitude of 1000
km and an inclination of 830° and provided positioning data within several hundred
meters. Since the requirements to space navigation were constantly increasing, low-
orbit systems could not comply with the needs of all potential users. Thus, flight
tests of high altitude (20000 km) satellite navigation system, called GLONASS were
started in 12 October 1982 with the launch of the Kosmos-1413, Kosmos-1414,
and Kosmos-1415. In 1993, the Russian Federation formally declared the system
operational, and in 1995, the system was brought to its optimal status of 24 operational
satellites.

Similar to GPS, each GLONASS system Space Vehicle (SV) “GLONASS” and
“GLONASS-M” transmits a radio signal that has a number of components: two L-band
carriers (L1 ~ 1.6 GHz, L2 ~ 1.25 GHz), C/A-code on L1, P-code on both L1 and
L2 and a navigation message. GLONASS relies on the Frequency Division Multiple
Access (FDMA) technique instead of the CDMA used by other GNSS systems such
GPS or GALILEO. Each satellite transmits signals on its own carrier frequency. The
satellite pairs, however, are placed on the opposite sides of the Earth (antipodal), which
means that a user cannot see them simultaneously. GLONASS codes are the same for
all satellites. Therefore, GLONASS receivers use the frequency channel rather than the
code to distinguish the satellites. The chipping rates for the P-code and the C/A-code
are 5.11 and 0.511 Mbps, respectively. The GLONASS navigation message is a 50-bps
data stream, which provides, among other things, the satellite ephemeris (precise orbital
information) and the channel allocation.

GLONASS is comprised of three segments: a GLONASS Space Segment (SS), a
GLONASS Ground Segment (CS), and a GLONASS User Segment (US).

According to the GLONASS Interface Control Document, the GLONASS Space
Segment is composed of 24 satellites. Eight satellites are arranged in each of three
orbital planes. The satellites operate in approximately circular orbits at an altitude of
19,100 km, an inclination of 64.8%and with the orbital period of 11 hours 15 minutes.
The spacing of the satellites allows providing continuous and global coverage of the
terrestrial surface and the near-earth space.

GLONASS Ground Segment includes the System Control Center and the network
of the Command and Tracking Stations that are located throughout the territory of Russia.
The control segment provides monitoring of GLONASS constellation status, correction
to the orbital parameters and navigation data uploading.

GLONASS User Segment consists of the user receivers, which compute
coordinates, velocity and time using the GLONASS navigation signals.

Two services are available from GLONASS system:
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The Standard Positioning Service (or Standard Accuracy Signal service) is an
open service, free of charge for worldwide users. The navigation signal was initially
provided only in the frequency band G1, but the GLONASS-M transmits also a second
civil signal in G2.

The Precise Positioning Service (or High Accuracy Signal service) is restricted to
military and authorized users. Two navigation signals are provided in the two frequency
bands G1 and G2.

GPS and GLONASS systems may be integrated to improve geometry and
positioning accuracy, particularly under poor visibility such as in urban areas. There
are, however, two problems with GPS/GLONASS integration. The first one is that both
systems use different coordinate frames to express the position of their satellites. GPS uses
the WGS 84 system, while GLONASS applies the Earth Parameter System 1990 (PZ-90).
The two systems differ as much as 20 meters on the Earth’s surface. The transformation
parameters between the two systems may be obtained by observing reference points in
both systems simultaneously. The second problem with GPS/GLONASS integration
is in using different reference times. The offset between the two time systems changes
slowly and reaches several tens of microseconds. One way of determining the time
offset is by treating it as an additional variable in the receiver solution.

Comprehension Check

1. Find words in the text with similar meaning to the following words and phrases.

| B oT0) 1 7: 1 1+ K OO OO PR UPPRRRPRI

height e

roUghly e

At the SAME LIME | e e e e e

putin an order | e e

AUTEIENTIATE | e

I AN | e ...

Sl I IR A el Bl B

making a good
COMDINATION | ettt e e e e e e e eee e e e eaeeeeeaaaeeas

9. obeyarule or law | e

L0.dISCTEPANCY | e e e

I1.completely different | .o
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2. Match words in A with words in B to make collocations and explain in relation with
what these collocations are used in the text.

A B
1. orbital a. channel
2. chipping b. satellite
3.urban c. stream
4. frequency d. period
5. operational e time
6. satellite f. side
7. reference g. area
8. data h. frame
9. coordinate i ephemeris
10. opposite i rate

3. According to the text, are the following statements true or false? If they are false,
explain why.

. GLONASS and GPS are completely different systems; they do not have any similar

features.

2. The development of high altitude satellite systems began because low-orbit systems
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could not meet increasing requirements to space navigation.

. Each GLONASS satellite transmits a signal containing two carriers, two digital

codes and a navigation message.

. GLONASS includes three segments: a space segment, a ground segment and a user

segment.

. GPS/GLONASS integration is hardly feasible.
. GLONASS receivers use the code rather than the frequency channel to distinguish

the satellites.

. GPS/GLONASS integration allows improving geometry and positioning accuracy.
. Write a summary of the text in which outline the GLONASS purpose, features and

architecture.
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Language Focus

1. Any system needs improving and upgrading. Evidently, the GLONASS performance
has not achieved the level of the GPS capability yet because of several factors, on-
board atomic clock imperfections, the number of satellites in the constellation, ground
monitoring and control limitations are among them.

Work in groups and brainstorm features that could improve the GLONASS efficiency.
Make a list of feasible solutions.

Compare your ideas with those of other students. Do you have similar or different
solutions?

2. To check your ideas read the extract about GLONASS modernization. While reading,
choose the correct form in each case. There is an example at the beginning (0).

GLONASS Modernization

GLONASS Space Segment modernization began with the launch of the second
generation of satellites, (0) known / knowing as GLONASS-M, in 2003. These satellites
had some improvements, including new filters thatl) permitting/permitted the reduction
of out-of-band emissions and 2) enhancing / enhanced on-board clock stability.

Aiming to provide 3) better / best accuracy, multipath resistance and greater
interoperability with GPS and future GALILEO and other GNSS Systems, new
GLONASS-K satellites will transmit CDMA (code division multiple access) signals
4) in / with addition to the system’s traditional FDMA (frequency division multiple
access). The GLONASS L3 signal is 5) centered / centering at 1207.14 MHz, the same
frequency as Galileo/BeiDou signal ESb, in the region allocated to the Aeronautical
Radio 1 Navigation Service (ARNS). These bands are especially suitable for Safety-of-
Life applications because no other users 6) allow / are allowed to interfere 7) on / with
their signals.

The first satellite of the third generation, GLONASS-K1, 8) launched / was
launched on February 26, 2011. GLONASS-K1 satellites 9) have / are having a ten— 10)
year / years design life and transmit a CDMA civil signal at L3 frequency in the 1205
MHz band.

The future GLONASS-K2 satellites to 11) be / being launched in 2014 have a 10-
year design life, a higher clock stability and feature four additional CDMA signals as
well as the original FDMA signals.
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A 12) modernized / modernizing GLONASS-K satellite (GLONASS-KM) could
transmit legacy FDMA signals on L1 and L2 and CDMA signals on L1, L2, and L3. It

could also transmit CDMA signals on the GPS L5 frequency and Galileo signal E5a at
1176.45 MHz.

By 2020, the system is scheduled to have all satellites transmitting 13) either /
both the CDMA and FDMA signals.

* dyeardesign e . lte * 10year design life  + 10 year liter
- Clock stabilly - s = s

£*3p 13 . cm stability = Unpressurized = Linpressurized
1012 « Expocied clock « Expoctod clock stability

BV i A L%"" sso stabiiy ~10..5710% 5. 17104
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« Tolally launched 36  Glonass-M +
+ Tolaly launched 8f Solaes ‘and gous  (COMA) ~ tost L30C, L15C, L25C
1o launch 3 satelide - (COMA}

+ Hoal operational Ma by the end 2012 i

me 4.5 years X »6nH

Space Segment

As for the ground segment, there are plans to enhance it 14) with / by adding
fifteen new reference stations, with six of them located outside the Russian territory.

The development of both the GLONASS tracking capabilities and the steady
increase in the number of GLONASS satellites 15) has had / has been having a positive
influence on the accuracy of the GLONASS orbits and clocks.

To improve the interoperability with other GNSS systems, GLONASS coordinate
system 16) has matched / has been matched with the International Terrestrial Reference
System (ITR), an international standard.

3. Another system that is likely to become a global navigation system in the future is the
Galileo system being developed by Europe.

The text below is about the Galileo system. Read the text and choose the best sentence
(A-H) given below to fill in the blanks in the text. Two of the suggested options do
not fit at all.

Future European Global System
The Galileo system is a European-controlled, satellite-based global navigation
system. 1)
Three different constellation types were investigated to ensure the optimum Galileo
architecture, namely low Earth orbits (LEO), medium Earth orbits (MEQO) and inclined
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geo-synchronous orbits (IGSO). Following this
study, a constellation of 30 MEO satellites was
adopted. 2) . This selection ensures that
more uniform performance is obtained for all
regions (i.e. independent of the region latitude).

Galileo is compatible at the user level with

the GPS and GLONASS systems. 3)
With positioning accuracy to one meter, the
freely accessible Galileo Open Service (OS)
provides positioning, timing and synchronization information significant for satellite
radio navigation applications.4)

The Galileo Open Service is accessible through the signals at L1, ESa and
ESbfrequencies. Several combinations are also possible, such as a dual frequency
service based on L1 and ES5a or single frequency services (at L1, E5a, ESb or ESa and
E5b together), and even triple frequency services using all the signals together (L1, E5a
and E5b), which can be exploited for very precise applications.

5) . Each navigation frequency will include two ranging code signals
(in-phase and quadrature). Data are added to one of the ranging codes while the other
“pilot” ranging code does not contain any data for more precise and robust navigation
measurements.

The introduction of Galileo operational service is implemented gradually, in a
number of phases. 6) . At this stage, however, accuracy and availability have
not reached their optimum level yet.

Galileo Open Service (positioning & timing)

Single Frequency (SF) Dual Frequency (DF)
Coverage Global

Horizontal: 15 m Horizontal: 4m
Accuracy (95%)

Vertical: 35 m Vertical: 8m
Availability 99.8%
Timing Accuracy UTC/TAI | N/A 30 ns
Ionosphere Correction Based on SF Model Based on DF Measurements
Integrity No
Service Performances for Galileo Open Service
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A. The timing service is synchronized with UTC when used with receivers in fixed
locations and can be useful for network synchronization or scientific applications.

B. During the Initial Operational Capability (IOC) phase, mainly search and rescue
services are provided.

C. As well, it includes determining the signal characteristics.

D. It will provide a range of guaranteed services to users equipped with Galileo
receivers.

E. The Open Service signals are separated in frequency to permit the correction of
errors caused by ionosphere effects by differentiating the ranging measurements

made at each frequency.

F. The satellites will be evenly distributed over three orbital planes at an altitude of
about 23,000 km.

G. However, unlike GPS and GLONASS, Galileo will provide two levels of services:
a basic, free-of-direct-charge service and a chargeable service that offers additional
features.

H. A European political body, independent of Galileo management, will have the
authority to take the proper measures in the event of a crisis.

4. The current satellite-based global navigation systems, GPS and GLONASS, do not
meet all of the civil aviation requirements. To overcome these limitations regional
augmentation systems are developed. One of these systems, European Geostationary
Navigation Overlay System (EGNOS),is developed by Europe.

Read the extract about EGNOS. Use the words in brackets to form a word that fits in the
gap in the sentence.

The European navigation system is intended to augment the two /) (operate)
satellite navigation systems — the American GPS and the Russian GLONASS, and
make them 2) (suit) for safety-critical 3) (@pply) such as flying aircraft or navigating
ships through narrow channels. EGNOS consists of three geo-stationary satellites and a
network of ground stations. The system transmits a signal containing 4) (inform) on the
5) (rely) and 6) (accurate) of the positioning signals sent out by GPS and GLONASS. It
allows users in European countries to determine their position within 5 meters. EGNOS
1s a joint venture of ESA (European Space Agency), the European Commission, and the

260



AHenutickul 53bIK 05151 cmydeHmo8 aspoKOCMUYECKO20 rpouris

European Organization for the Safety
of Air Navigation. It is Europe’s
7)_(contributg) to the first stage of
creating a global navigation system
and i1s viewed as a precursor to the
Galileo satellite navigation system. It
was announced on July 28, 2005, that
the transfer of EGNOS operations
from ESA to the operating company,
European Satellite Services Provider,

had begun.

Speaking

1. You are going to participate in an international scientific conference dedicated to
advances in electronic technologies. One of the issues to be discussed is the satellite
communication perspectives. Your have been asked to give a ten-minute talk on satellite
navigation.

Work with a partner. Do some research on the GLONASS perspectives and prepare
your talk. Think of visual aids (e.g. graphs, drawings, photos) to make your talk more
informative.

2. Work in groups:

Group A. You are the speakers. Give your talk. Be prepared to answer the audience’s
questions.

Group B. You are participants at the conference. Brainstorm some questions you
could ask about the Russian navigation system.
Role-play your sessions.

Writing

1. Write an article for a scientific journal on satellite navigation perspectives.
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UNIT 12

Nanotechnology

Lead in

1. The 21 century is sometimes called the century of nanotechnology. List the main
applications of nanotechnology.

)
2

3)
4)
5)

2. Make a list of advantages of using nanotechnology.

)

2)

3)

4)

3. Name the advantages of using unmanned flight technology.
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Reading

1. Read the text below focusing on the concept of nanotechnology and its applications.

What is Nanotechnology?

A nanometer is a billionth of a meter. It’s difficult to imagine anything so small,
but think of something only 1/80,000 the width of a human hair. Ten hydrogen atoms
could be laid side-by-side in a single nanometer.

Nanotechnology is the creation of useful materials, devices, and systems through
the manipulation of matter on this miniscule scale. The emerging field of nanotechnology
involves scientists from many different disciplines, including physicists, chemists,
engineers, and biologists. There are many interesting nanodevices being developed that
have a potential to improve cancer detection, diagnosis, and treatment.
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Water Nanodevices White A period Tennis ball
molecule Nanopores blood cell
Dendrimers
Nanotubes
Quantum dots
Nanoshells

Real-World Examples

Nanotechnology, in one sense, is the natural continuation of the miniaturization
revolution that we have witnessed over the last decade, where millionth of a meter (10
m) tolerances (microengineering) became commonplace, for example, in the automotive
and aerospace industries enabling the construction of higher quality and safer vehicles
and planes.

There are many examples of the application of nanotechnology from the simple
to the complex. For example, there are nanocoatings which can repel dirt and reduce
the need for harmful cleaning agents, or prevent the spread of hospital-borne infections.
New-generation hip implants can be made more “body friendly” because they have a

nanoscale topography that encourages acceptance by the cells in their vicinity.
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In simple terms, nanotechnology can be defined as “engineering at a very small
scale”, and this term can be applied to many areas of research and development — from
medicine to manufacturing to computing, and even to textiles and cosmetics. It can be
difficult to imagine exactly how this greater understanding of the world of atoms and
molecules has and will affect the everyday objects we see around us, but some of the
areas where nanotechnologies are set to make a difference are described below.

Nanodevices are Small Enough to Enter Cells

Most animal cells are 10,000 to 20,000 nanometers in diameter. This means that
nanoscale devices (less than 100 nanometers) can enter cells and the organelles inside
them to interact with DNA and proteins. Tools developed through nanotechnology may
be able to detect disease in a very small amount of cells or tissue. They may also be able
to enter and monitor cells within a living body.

Designing Nanodevices for Use in the Body

Other challenges apply specifically to the use of nanostructures within biological
systems. Nanostructures can be so small that the body may clear them too rapidly for
them to be effective in detection or imaging. Larger nanoparticles may accumulate in
vital organs, creating a toxicity problem. Scientists will need to consider these factors as
they attempt to create nanodevices the body will accept.

Too Small

Nanodevices Can Improve Cancer Detection and Diagnosis

Detection of cancer at early stages is a critical step in improving cancer treatment.
Currently, detection and diagnosis of cancer usually depend on changes in cells and
tissues that are detected by a doctor’s physical touch or imaging expertise. Instead,
scientists would like to make it possible to detect the earliest molecular changes, long
before a physical exam or imaging technology is effective. To do this, they need a new

set of tools.
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Nanoscale Research

Much of today’s nanoscale research is designed to reach a better understanding
of how matter behaves on this small scale. The factors that govern larger systems do
not necessarily apply at the nanoscale. Because nanomaterials have large surface areas
relative to their volumes, phenomena like friction and sticking are more important than
they are in larger systems.

Nomnal Scale Nanoscale

Manufacturing Nanodevices

There are two basic approaches for creating nanodevices. Scientists refer to these
methods as the top-down approach and the bottom-up approach. The top-down approach
involves molding or etching materials into smaller components. This approach has
traditionally been used in making parts for computers and electronics. The bottom-up
approach involves assembling structures atom-by-atom or molecule-by-molecule, and
may prove useful in manufacturing devices used in medicine.
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Cooperation

The contribution of nanotechnology to new products and processes cannot be
made in isolation and requires a team effort. This may include life scientists — biologists
and biochemists — working with physicists, chemists and information technology
experts. Consider the development of a new cochlear implant and what that might
require — at least a physiologist, an electronic engineer, a mechanical engineer and
a biomaterials expert. This kind of teamwork is essential, not only for a cochlear
implant, but for any new nano-based product whether it is a scratch-resistant lens or
a new soap powder.

Finding Solutions

Nanoscientists are now enthusiastically examining how the living world “works™ in
order to find solutions to problems in the “non-living” world. The way marine organisms
build strength into their shells has lessons in how to engineer new lightweight, tough
materials for cars; the way a leaf photosynthesizes can lead to techniques for efficiently
generating renewable energy; even how a nettle delivers its sting can suggest better
vaccination techniques.

(from: http://www.cancer.gov/cancertopics/understandingcancer/nanodevices/AllPages

and http.://www.nano.org.uk/what-is-nanotechnology)

Comprehension Check

1. Read the text again and write down all the words that you are not familiar with. Guess
the meaning of the words. Discuss them with other students.

2. Divide the text into logical parts. Highlight the topic sentence of each part.
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3. Match the terms on the left with the definitions and explanations on the right.

1. encourage a. the basic structural, functional and biological unit of all known
living organisms

2. tough b. the hard protective outer case of a mollusk or crustacean

3. acell c. strong enough to withstand adverse conditions or rough handling
4. effort d. give support, confidence, or hope to someone

5. shell e. the activities of a group of people with a common purpose

4. Look at the text again and discuss these questions.

1. How many hydrogen atoms could be laid side-by-side in a single nanometer?
In which areas can the term “nanotechnology” be applied?

Give some examples of the application of nanotechnology.

What tools can enter animal cells?

How can we use the nanostructures within biological systems?

How can nanodevices improve cancer detection and diagnosis?

What basic approaches for creating nanodevices you know?

® Nk wDd

How the living world helps nanoscientists to find solutions to problems in the
“non-living” world?

Language Focus

1. a) Give the definitions of the following words:

WORD DEFINITION
. vehicle

[a—

. tissue
.reach, v.

. friction
.assemble, v.

.accumulate, v.
. relative

. enthusiastically

O o0 N9 N Bk~ W

.involve, v.
10. contribution
11. repel, v.
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b) Find in text the synonyms for the following words.

WORD SYNONYM
. main

. implement

. try, v.
. tiny

AW N =

5. meaning
6. influence, v.

7. sickness

2. a) Fill in the gaps with a suitable word. Watch out! There’s an extra word.

apply basic cells complex field
materials  nanotechnology  organs  powder

team treatment

1. can be defined as “engineering at a very
small scale”.

2. Most animal are 10,000 to 20,000 nanometers in diameter.

3. Detection of cancer at early stages is a critical step in improving cancer

4. The way marine organisms build strength into their shells has lessons in how to

engineer new lightweight for cars.
5. The factors that govern larger systems do not necessarily at the
nanoscale.

6. There are many examples of the application of nanotechnology from the simple to

the

7. Larger nanoparticles may accumulate in vital , creating a toxicity
problem.

8. The contribution of nanotechnology to new products and processes cannot be
made in isolation and requires a effort.

9. There are two approaches for creating nanodevices.

10.The emerging of nanotechnology involves scientists from

many different disciplines.

b) Use the words and expressions from the box in the sentences of your own.
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Speaking

1. You are visiting an international exhibition of nanotechnologies. You see a lot of new
gadgets, devices, technologies. Sure, you have a lot of questions. Think of the questions
you would ask the experts.
Example:
e Please, tell me about the advantages of nanotechnologies.
e Could you tell me, where are the nanotechnologies used?

e What is the underlying principle of nanotechnologies?

The following expressions might be helpful:

I’d like to know...

Could you tell me...?

Excuse me, do you know...?
Another thing I'd like to know is...

Which question do you think would be the most interesting?

2. Use the text below to prepare a presentation on nanomaterials and their use. Search
the Internet for additional information.

Nanomaterials

There are many fascinating examples of nanotechnology applications in new
materials. For example, polymer coatings are notoriously easily damaged, and affected
by heat. Adding only 2% of nanoparticulate clay minerals to a polymer coating makes
a dramatic difference, resulting in coatings that are tough, durable and scratch resistant.
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This has implications for situations where a material fits a particular application in terms
of its weight and strength, but needs protection from an external, potentially corrosive
environment — which a reinforced polymer nanocoating can provide.

Other nanocoatings can prevent the adherence of graffiti, enabling them to be easily
removed by hosing with water once the coating has been applied. This has the important
knock-on effect of improving urban environments, making them more attractive to bona
fide citizens and less encouraging to criminals. These kinds of coatings, invented in
Mexico, have been shown to work well in parts of Mexico City. They are currently helping
to transform seedy crime-ridden neighbourhoods into increasingly respectable suburbs.

Particles at the nanoscale are below the wavelength of visible light, and therefore
cannot be seen. Consequently, they can impart new properties while being invisible
themselves! Fluorescent nanoparticles, or quantum dots (mentioned earlier) have a whole
range of possible applications. They are invisible until “lit up” by ultraviolet light, and
can even be made to exhibit a range of colours, depending on their composition and size.

Such nanoparticles are ideal for crime prevention, where goods can be invisibly
“tagged”, preventing counterfeiting; stolen goods can be traced by their invisible “bar
code” and illicit drugs by the fact they have no legal identification. In some countries,
cheap agricultural fuel is “laced” with harmless nanoparticles, making it easy for police
to identify a stolen consignment, merely by using ultraviolet light.

Nanoparticles can seem to be quite strange as they have new and unusual
properties that are not obvious in the corresponding bulk material. This is because a
nanoparticle has a large surface area in relation to its size, and is consequently highly
reactive. This 1s exemplified by the fine grained materials that we use in our daily lives,
such as flour, which can become explosive in some circumstances. Applications of
nanoparticles include nanoparticulate titanium dioxide for sunscreens, and it also acts
as a photocatalytic agent in coatings that can be applied to stay-clean windows, causing
the dirt to be oxidized and easily washed away by rain.

Writing
1. Write an essay (180-200 words) on one of the following topics:

e [f I were the inventor of Nanotechnologies...
e The Nanotechnology Revolution.

e Modern applications of Nanotechnologies.
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Glossary for Part I1

3D modelling — TpéxMepHOE MOJIETUPOBAHHKE,
00BEMHOE MOJIETTUPOBAHKE

3D printer — 3D-nipunTep

3D printing — 3D-nieuats, TpEXMepHas evaTh

3D visualization — TpéxMepHasi BU3yaau3amus,
MPOCTPAHCTBEHHAS BU3YaTH3aIlHs

accurate — TOYHbIN

acquire, v — oJIy4arb, IpuoOpeTaTh

adjust, v — peryaupoBarb, IpuCcrocadbinBaTh

advantage — mpenMyIIecTBO, IOCTOMHCTBO

aeronautics — a3poHaBTHKA

agility — ObicTpas nepectpoiika, ObicTpas
peaxuus

air traffic control — ynpaBnenue BO3ayuIHbIM
JBUKEHHEM, aBUaMCIIeTYepCKast ciyxkoa

air traffic controller — aBuagucneTyep

aircraft — neTarenbHbIN anmapar, BO3yIIHOE
CYITHO

aircraft engineering — camonérocTpoeHue,
aBUACTPOEHHUE, aBHAIIMOHHAS TEXHUKA

aircraft maintenance — TeXHUYECKOE
00cITy’)KMBaHUE CaMOJIETOB

airline reservation — OpoHHpOBaHUE
aBHaOMJIETOB

alerting system — cuctema aBapuitHOTO
OTIOBEILIEHHS

alphanumerical — OykBeHHO-1IDPOBOI

altimeter — aJIbTUMETP, BHICOTOMETP

altitude — BbicoTa

application — npuMeHEeHHE, UCTIOTH30BaAHUE,
NpUIOKEHUE

approach — noxxon

arc — yra

artificial satellite — MnCKyCCTBEHHBIN CITyTHUK

astronautics — aCTpOHaBTHKA, KOCMOHABTHKA

atom — aToM

atomic clock — KkBaHTOBEIE YacCkl, aTOMHBIE YaChI

attitude control — ycTpolcTBO ynpaBieHus

IMOJIOKCHHUEM

attribute — atpuOyT, CBOWCTBO

attribute data — arpuOyTHUBHBIEC JaHHBIE

attribute value — 3HaueHue arpudyra

automotive — aBTOMOOUIIBHBIN

autonomy — aBTOHOMHOCTb, HE3aBUCIMOCTh

avionics — aBUOHHKA

bearing — MmecTopacmnonoKeHne

binary format — qBonuHBI, OMHAPHBIA hopmaT

bitstream — TOTOK OUTOB (JTBOMYHBIX
pa3ps0B)

broadcast, v — nepenaBathb, Belarh,
TPaHCIMPOBATH

buffer coating — 3amuTHas 060m04Ka

CAD (computer-aided design) — cuctema
ABTOMATH3UPOBAHHOTO IPOCKTUPOBAHUS,
CAIIP

CAE (computer-aided engineering) —
ABTOMATH3UPOBAHHOE KOHCTPYHUPOBAHUE

calculate, v — paccCuMTBIBaTh, BHICUNTHIBATD

CAM (computer-aided manufacturing) —
aBTOMAaTH3UPOBAaHHAS CHCTEMa
MIPOM3BOJICTBA

cancer — pak

carbon dioxide — quokcun yriaeposa, AByOKUCh
yrieposa

carrier frequency — HecyIas 4actoTa

cartography — kaprorpadus

celestial body — HeGecHOE TeI0

cell — sueiika

cityscape — ropojckoi anamadT

cladding — nmokpsITHE

cloud computing — o0ayHbIe BEIYUCICHUS,
BBIYUCIICHUSI B YAAJIEHHOH cperie

cockpit — kabuHa TUIOTOB

communication — CBsI3b, KOMMYHUKAIIUs

communication channel — kanain cBsi3u

communication network — ceTb CBS3H1

compilation — komMnuIAIUsA, 0OBEAMHECHUE

computation — BBIYHCICHUS, HCYUCIICHUS
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computer-aided design (CAD) — CAD
(computer-aided design) — cucrema
ABTOMAaTH3UPOBAHHOTO IPOCKTHPOBAHUS,
CAIIP

computer-aided engineering (CAE) —
ABTOMAaTH3UPOBAHHOE KOHCTPYHUPOBAHUE

computer-aided manufacturing (CAM) —
aBTOMaTU3UPOBaHHAs CHCTEMa IIPOU3BOJICTBA

constellation — coBokynmHOCTb, Tpymmna;
CO3Be3/I1e

continuous — HEMPEPHIBHBIN, TTOCTOSHHBIN

controller — koHTpoJLIEp, YCTPOHCTBO
yTpaBIeHUS

convert, v — mpeoOpazoBbIBaTh

core — cep/ilieBUHa

cost — ce0eCTOMMOCTb, 3aTPaThI

coverage — OXBar, TIOKPBITHE, 30HA JICHCTBUS,
pabouas 30Ha

cruising — KpecepcKkuil moner

customized equipment — o6opynoBaHHe,
BBITOJIHEHHOE 110 CIICLUAIEHOMY 3aKa3y
KJIMEHTa

data — nagHbIe

data acquisition — oJy4eHHUe U HAaKOTUICHHE
JaHHBIX; cO0p MH(pOpMauu

data capture — c6op qaHHBIX; BBOJ (COOPaHHBIX)
JIAHHBIX B KOMITBIOTEP; 3arpy3Ka JaHHBIX

data collection — c6op gaHHBIX

datalink communication — CBSI3b 110 TUHUU
nepeadn JaHHBIX

debris — 06;10MKH, OCKOJIKH, MyCOP

departure — BbUIET, OTIIPABIICHUE

design analysis — KOHCTPYKTOPCKHIA aHAIIN3

design and development — HayuHO-
UCCIIEI0BATENIbCKUE U OTBITHO-
KoHCTpyKkTOpckue pazpadborku (HUOKP)

destination — MyHKT Ha3HAYCHUS

deviate, v — OTKIIOHATBLCS

device — ycTpoiicTBO

diagnosis — quarxso3

diffraction — mudpakuums
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digital — nudposoi

digitize, v — ounudpoBbIBaThH, MPe0OPa30BLIBATH B
uudposyo hopmy

dimensions — pa3mepsl

direction — HarpaBiIeHHE

discrete — IUCKPETHBII; OTACTBHBIN

discrete boundary — nuckpeTHas rpaHuIa

display, n — nucrei

display, v — nokasbiBaTh, 1€MOHCTPUPOBATh

Doppler shift — nornepoBckuii CABUT YaCTOTHI,
JIOTUIEPOBCKAs 4acToTa

downlink — nepechuika 1aHHBIX CO CITyTHUKA Ha
Ha3eMHYIO CTaHIINIO

drone — npocTeimii HeOOBIION OSCITUIOTHHK,
panuoynpaBisieMblid Ha3eMHbBIM MTUJIOTOM; APOH

dual-frequency receiver — IByX4aCTOTHBIN
NIPUEMHUK

duplex network — gyruiekcHas cets (cxema),
MO3BOJISIONIAs TIepeiaBaTh
nH(OPMAIUIO B JBYX HAIIPABICHUAX
OJTHOBPEMEHHO

eccentricity — SKCIIEHTPUCUTET

electronic circuit — 3JIeKTPOHHAs LENb

elevation angle — yrosi Bo3BbIIICHHS

environmental conditions — BHEIIHUE YCIIOBHS,
YCIIOBUS OKPY’KaIOIIEH Cpebl

etching — TpaBneHue, rpaBUpOBaHUE

e-ticketing — mokymka/mpogaka OUIETOB
JJIEKTPOHHBIM ITYTEM

failure — cOoii, HEyTaua

feature — oObeKT

finite element analysis (FEA) — ananu3
[METO/I0M | KOHEUHBIX AJIEMEHTOB

fire — oronn, moxxap

flight data recorder — 6opToBO#t camomucerr

flight management — ynpasneHue nonérom

flight path control — cucrema ynpasienus
TPAEKTOPUH IIOJIETOB, TPACKTOPHOE
ynpaBlieHHE

flight path stabilization — crabunu3anus
TPaeKTOPHH MOJIETa
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frequency-division multiplexing — ynioTHeHue
10 4acTOTe

fuel — ToruBo

functionality — QyHKIIMOHATBEHOCTB,
(GyHKIIMOHATBHBIE BO3SMOKHOCTH, HA0Op
(YHKIIMOHATBHBIX BO3MOKHOCTEH

gauge — U3MepUTeNbHBIN PUOOP

generic application — cTaHAapTHOE IPUMEHEHHUE,
TUTIOBOE MPUMCHEHHE

geocaching — reOKeNIMHT, TeOKJIa0UCKATEIbCTBO
(Wrpa B «IOMCK KJIQJ0BY» C UCIIOJIb30BaHHEM
GPS-naBuraropos)

geodesy — reoe3us

geographic information science —
reonH(popMaTuka

geographic information system (GIS) —
reonH(pOpMaIMoOHHasI CHCTEMa

geoinformatics — reonHpopmaruka

geospatial information — reonpocTpaHCTBeHHAs
uHpOpMaIUs

GIS (geographic information system) —
reoMH(popMaIoHHas CuCTeMa

global navigation satellite system — rioGanbHas
HaBUTAIIMOHHAS CITyTHUKOBAsI CHCTEMa

global positioning system (GPS) — rmo6anbnas
(cnyTHMKOBast) cuctema (pajguo-)
OTIpe/IeNICHUs] MECTOTIOJIOKEHUS,
cucrema GPS

GPS (global positioning system) — riio6anbHas
(cmmyTHHKOBas) cuctema (paamno-)
OTIpe/ICTICHUS] MECTOIIOIOKEHUS,
cucrtema GPS

graphical representation — rpaguueckoe
n300paxkeHue, rpaduIecKoe mpeaCcTaBICHNe

gravitational force — cuna TspKECTH, cUlla
IpaBUTAIMU, TPABUTAIMOHHAS CHJIa

grid — peméTka

ground control station — Ha3eMHast CTaHIIH
yTIpaBICHUS

ground station — Ha3eMHasi CTaHITH

gyro compass — FTHpOKOMITIAC

hardware — oGopynoBanue, anmaparypa,
anmaparHoe obecrieueHue

haul — mpoTsHKEHHOCT TMHUU CBSI3H;
paccrosiHue, JalbHOCTD

hazard — puck, onacHoCTb

high-capacity — BICOKOIIPONU3BOIUTENbHBIN

humidity control — perynupoBanue BIa)KHOCTH

hydrogen — Bogopon

1llumination — oCBEMEHHOCTH

imaging — rmosryueHune n300pakeHus,
BU3yalU3aIHsi, TOMOTrpadus

in-built — BCTpoeHHBII

inclination — BeJIMYMHA OTKJIIOHCHUS; HAKJIOH,
yroJ HakJIOHa

increment — BO3pacTaHue, yBEJIUUEHUE;
MpHupalieHye, mar (mpupameHus)

install, v — ycranaBnuBarp

instrument — anmapar, mpudop

interference — uatepdepenus

land parcel — 3emenbHBINM ydacTOK

landing — npusemiienne

landscape — (mpupoHsbIil) manamadT

latitude — mupora

launching — B37n€T, 3amyck

layer — cnoit

light-emitting diode — cBeTonuox

line — nuHus

locate, v — onpeenaTs MecTo,
MECTOHAXOXKICHHUE

location coordinates — KOOpAHHATHI
MECTOHAXOXKICHHS

longitude — gonrora

loop — KOHTYp, (3aMKHYTas) LIETb

maintenance — TEXHU4YECKOe 00CITy )KHBaHUE

malfunction, v — HeucnipaBHas padoTa;
HETpaBUIIbHOE cpabaThIBaHHE

manned space missions — MAJIOTHPYEMBIN
KOCMHYECKUH TOJIET

map, v — IpOU3BOAUTE CbEMKY MECTHOCTH;
pucoBaTh KapTy (4ero-i.) , u300pakaTh B
BUJIE KapThI
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mash-up — Ma1an (MHTEpHET-NPUIIOKEHHUE,
00beMHAIONIEeE JaHHbIE U3 HECKOIBKHX
MHTEPAKTUBHBIX HCTOYHHUKOB); THOpUIHOE
BEO-TIPHIIOKECHHE

matter — Borpoc, mpooiema

measure, v — U3MepsTh

measurement — U3MEpEeHUe

microengineering — MUKpO-MHKUHUPUHT

midair collision — cTonKHOBEHUE B BO3IyXe

miniscule — oueHb MajeHbKUI

missile — pakeTHasi ycTaHOBKa

mock-up — MozieTb B HaTypaibHYIO BETYHHY

molecular — MoneKySIpHBIN

monochromatic light — MOHOXpoMaTH4Yeckuii cBET

multi-mode fibers — MHOTOMOZOBBIH
ONTOBOJIOKOHHBIN Kabelb

multiplex — MHOTOKpaTHBIN, MHOKECTBECHHBIH,
MYJIBTUTUIEKCHBIHN, CIIOAKHBIN

multiplex, v — MyJIbTHUIUIEKCUPOBATH, YIUIOTHATH
(xaHaJIbI)

nanoengineering — HAHOTEXHHUKaA,
HaHOMH)KEHEePUs

nanometer — HAHOMETP

nanosensor — HaHOJATUUK

nanotechnology — HanotexHomorus

nanounit — HaHOpa3MepHOEe YCTPOHCTBO,
HAHOYCTPOUCTBO

navigation — HaBUTalUsl, HaBEICHUE

navigation message — cooOIIeHHEe, CofepKaIee
HABUTAIIMOHHBIC JAHHbBIE

neogeography — Heoreorpadus

noise immunity — IOMeX0yCTOINYHUBOCTb,
MIOMEX03aUTUIIEHHOCTh

on-board system — GopToBast cuctema

open source application — mpusoxeHnue ¢
OTKPBITHIM UCXOAHBIM KOZOM

operator — oriepaTop, JHII0, YIIpaBIIsollee
MIOJIETOM

optical fiber — onTOBOJIOKHO

optical navigation — onTu4yeckas cuctema

HaBeICHUS
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orbit determination — onpeneneHue mapameTpoB
OpOUTHI

orbital period — mepuonx obpaieHus

overlay — oBepiielt, HaIMUCH HA KapTax

OXygen sensor — JaTYUK COACPKAHUS KUCIOPO/Ia

payload — nonesnas Harpyska;
Ipy30MOABEMHOCTD

PDM (product data management) — ympaBieHue
AHHBIMA 00 W3IEINH

performance — xapakrepuctuka (paboThl
MAIIWHBI ); SKCIUTyaTallHOHHBIC KAYeCTBa,
MIPOU3BOAUTEIHLHOCTD

pertinent — MOJAXOSAIINIA; UMEIOLITUI
OTHOILIEHUE

perturbation — mepTypOarusi, BO3MyIIICHHE

photogrammetry — ¢poTorpammerpust

photosynthesize — hoTocuHTE3UpPOBATH

point — Touka

polygon — moauron, MHOTOyTOJIBHUK

precipitation — BeInajeHIe (OCaXkICHUE),
BBITNIA/ICHHUE OCaJIKa

product data management (PDM) — ynipaBienue
IaHHBIMA 00 U3AEINU

productivity — IpON3BOIUTEIHHOCTS,
MIPOAYKTUBHOCTh

propulsion — mpoaBIKEHUE BIEPEN, TBUKCHHE
BIIEPE; MOCTYIATEILHOE IBH)KEHUE;
JIBUTATENb, CUIOBasl yCTAHOBKA

propulsion system — nBurareiabHasi yCTaHOBKA

purifier — ouUCTUTENLHAS YCTAHOBKA

quantization — KBAHTOBaHHE, JUCKPETU3AIIHS,
pa3buenue (JaHHBIX) HA TOATPYTIIIEI

radio frequency identification — paguodyactoTHas
UIeHTUDUKAITUS

range — JAuana3oH

ranging pulse — UMITyJIbC JaTBHOCTH

rapid prototyping — OBICTpOE MIPOTOTHITHUPOBAHHUE

raster model — pactpoBast MozieNb

receiver — MPUEMHHUK, MOJIy4aTeNb, PECUBED

re-entry — BXOJ] UJTM BO3BPAILEHUE B IIOTHBIE
ciou atMochepsl
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reference time — Ha4ano OTCUYETA BPEMEHH;

HadaJlbHbIA MOMEHT BPCMCHU; OIIOPHAA TOYKaA

oTcYeTa BpEeMEHH

reference, v — IPUBSI3bIBATH, JABATh CCHLUIKY

reflection — oTpakenue

reliability — Hané&xHOCTB

remote control — AMCTAHIIMOHHOE YIIPABJICHHUE,
yAanéHHOE yIpaBIeHUE

remote sensing — AUCTAaHIIMOHHOE
30HIMPOBAHKE, JUCTAHIIMOHHBIN cOOp
JTAHHBIX

rendezvous — COMIMIKEHHE, CTHIKOBKA
(KocMHuUecKuX Kopabieit)

reservation system — cuctemMa pe3epBUpPOBaHMUS,
OpOHUPOBaHUS

resolution — paspereHue, pa3peraronias
CIIOCOOHOCTH

right ascension — npsimoe BOCXOXKJeHHE (HATP.
HEOEeCHOTO Tera)

robotics — poOOTOTEXHHKA

routing — MapupyTU3alys, MPoKIaIKa
MapIipyTa

rover — poBep, BE31eX0/l, MOOMJIbHBIH anmapar

satellite — cmyTHUK

satellite almanac — kanenaapsp, arbMaHax
CITyTHUKA

satellite communication — CIIyTHUKOBasI CBS3b

satellite ephemeris — cmyTHUKOBBIE AeMepHIBI,
ACTPOHOMHYECKHUE TAOTHIIBI

search-and-rescue system — MOMCKOBO-
criacarelibHasi CHCTeMa

security check — mpoBepka Ha 06€30MacHOCTh

security system — cucrema 0e301macHOCTH

semi-major axis — OoJbIIas MOIyoCh

Sensor — IaTYuK

serial transmission — rociaenoBarejbHas
nepenava (MeTos rnepeaadu nHGOPMaIIHH,
IIPU KOTOPOM OUTHI MEpeatoTCs
MOCTIEIOBATENIFHO, BMECTO OTHOBPEMEHHOM
(mapaenbHOM) nepeaayu no HECKOIbKUM

JIUHUSIM)

sharing — pasneneHue, COBMECTHOE
[KonmekTHBHOE]| UCTIOIB30BAHHUE

sidereal hour — 3Be3HBIIT yac

simplex network — cuMIUIeKCHas,
OJTHOCTOPOHHSIS CETh (CXeMa), TO3BOJISIOLIAs
nepenaBaTh JaHHbIC TOJIBKO B OJJHOM
HaIrpaBJICHUU

single-mode fibers — 0THOMOTOBBIIA
OTITOBOJIOKOHHBIN KabeIb

software — mporpammuoe odecneyenue (110),
KOMITBIOTEPHBIC TIPOTPAMMBI

solid modelling — 06p€MHOE MOzETHPOBaHUE

solid-state device — TBepIOTENbHBIN IPUOOP

space control centre — IEHTp ynpaBJICHUS
KOCMHUYECKUMH MOJETAMU

space mission — KOCMUYECKHUH TONET

space vehicle — kocMu4ecKuii leTaTeIbHBIHI
ammapar

spacecraft guidance — cucrema HaBeICHUS
KOCMHYECKOTO amrapara

spatial analysis — mpoCTpaHCTBEHHBIN aHAN3

spatial data — mpocTpaHCTBEHHBIEC TaHHbBIC

storage — XpaHEHHE

surface model — Mozens MOBEPXHOCTH,
JBYXMEpPHasi MOJIEJb, TUIOCKOCTHASI MOJIETTh

surveillance — HaOnoneHue

surveillance satellite — cmyTHuK HabmOAEHNUS,
pa3Be/IbIBATEIIEHBIN CITy THHK

surveying — reoie3ndeckasi CbéMKa

switch — BeIKTIOUATEh, TEPEKITIOUATEND,
KOMMYTaTop

switch, v — nepekitouarb, KOMMYTHPOBATh

take-off, n — B3aET

technique — cmoco0, mpuém

telescope — Tenmeckon

terrain — MECTHOCTb, TEPPUTOPHS,
Tororpadus

thematic map — Temarudeckas kapra

three-dimensional — TpéxmepHbIit

time reference — BpeMeHHasl CChIIIKA; MPHUBSI3KA
KO BPEMEHHU
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time-division multiplexing — BpemeHHOE
YIUIOTHEHHE

tolerance — 7OMyCTUMOE OTKJIOHEHHE

tool — UHCTpyMEHT

topography — Tonorpagusi, reoMmeTpuuecKkue
0COOCHHOCTH

tracking — clie)xeHue, COMPOBOKICHUE;
MPOKJIaJKa MapIipyTa

traffic — TpaHcHOpT, NBUKECHUE

trajectory — TpaeKTOpHUs

transmission — niepeada, TPaHCMHUCCHUS

transponder — peTpaHciATOp

treatment — 06paboTKa, JIeueHHe

triangulate, v — TpuaHrynupoBaTh, IpOU3BOIUTH
TPUAHTYJISIUIO, IEIaTh TPUTOHOMETPHUECKYIO
CBEMKY

trilateration — Tpunarepanus

trim — GajJaHCHPOBKA

trunk — MarucTpangbHast IMHUS, MATUCTPAITb
(6a30BBIil KaHAII, COCTUHSIONIHN 1BA
MYHKTA, KAKIBIA U3 KOTOPBIX SBISETCS
KOMMYTAIIHOHHBIM IIEHTPOM WJIM TOYKOH
pacripeesieHusl)

turbulence — TypOyneHTHOCTh

UAV (unmanned aerial vehicle) — OecniunoTHbIi

JeTarenbHbIN annapar (oOliee onpeesieHue);
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uplink — nunusg cBsa3u 3emsa-JIA

usability — ynoOcTBO paboThI, MpOCTOTA
WCTIOJIb30BaHHS

vehicle — TpancopTHOE CpeacTBO

velocity — ckopocTb

vernal equinox — BeceHHee paBHOJICHCTBUE

very long baseline interferometry (VLBI) —
nHTEp(PEpOMETPHS CO CBEPXUIMHHOM 0az0it

vicinity — GIM30CTh, COCEICTBO, OKPECTHOCTH

vigilance — OIUTENEHOCT, BHUMATEIHHOCTh

vital — )KU3HEHHBIN, )KU3HEHHO BaXKHBIN

VLBI (very long baseline interferometry) —
uHTEp(PEepOMETPHS CO CBEPXUTMHHOM
6azoi

warning lights — cBeToBast mpeaynpeauTenbHas
CUTHAJIN3ALUS

wavefront — BonHOBO# (GpoHT

wavelength — nrHa BOHBI

web mapping — UCToJIb30BaHUE
KapT, npenocraBieHHbIx [ C
(reonH(OPMAIIMIOHHBIMUA CHCTEMAaMH )

wind shear — ciBur BeTpa, Tpaiue€HT CKOPOCTH
BETpa

wire-frame modelling — kapkacHoe
MOJICTHPOBaHHE

withstand, v — BbIIep)KHBaTh, IPOTUBOCTOSTH
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ANSWER KEY

Part 1

Section 1. Aircraft Structure

Unit 1. A Short History of Flying

Comprehension Check

2.—c.

Language Focus

2. a) danger — safety; lose — find; slower — faster; the newest — the oldest; impossible —

possible; irregular — regular; moveless — movable; impractical — practical.
3.1-d;2-b;3-b;4-0.

Unit 2. Types of Aircraft

Lead in

1. A — helicopter; B — airplane; C — kite; D — supersonic fighter/ military airplane ;

E — rocket/ launch vehicle/ spaceship; F — glider: G — airplane/ flying wing/ military
airplane; H — supersonic fighter/ military airplane; I — free balloon.
2.1-d;2-1,3—-3;4-h;5-g,6—-c;7—2a;8—1;9—-b; 10—e.

Comprehension Check

2. a-E;b-C;c-G. 3.1-T;2-F;3-F;4-T;5-F;6-T; 7-F; 8 - T.

Language Focus

1. advance — progress; produce — create; subdivide — classify; propel — move; airfoil —
wing; attach — mount; aircraft — vehicle.

5. 1 — up and down airstreams; 2 — the wing itself; 3 — wing position; 4 — the parasol
wing; 5 — flying boat; 6 — seaplanes; 7 — a rotor; 8 — the autogiro; 9 — ballistic rockets;
10 — engines.

6. 1 — heavier-than-air aircraft; 2 — glider; 3 — to take off, land; 4 — VTOL, STOL;
5 — fuselage, conventional propeller; 6 — disadvantages; 7— by means of; 8§ — engine,
transmitted; airscrew.
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Unit 3. Airplane Components

Comprehension Check

Component Function
wing to develop the necessary supporting force
fuselage to house crew, passenger and cargo compartments
flight controls | to change the attitude of flight
power plant to produce power for flying
aileron to control motion of the plane about the longitudinal axis
elevator to control the airplane’s movement up and down about the lateral axis
cockpit to house the crew, the flight controls and flight instrument panels
cargo room to house luggage and cargo
rudder to control the movement of the airplane around the vertical axis
nacelle to house the power plant or engine and its accessories
landing gear to carry the wheels on which the aircraft moves on the ground
tail unit to provide stability of flight

3.1-F;2-F;3-T:4-T,;5-F;6F.

Language Focus

2. air flow — air stream; engine — power plant; surface — wing; to locate — to situate;

Unit 4. The Wing

to hinge — to attach; energy — power; usual — conventional; to manage — to control;

form shape; compartment — cabin; wing — lifting surface.

Comprehension Check

1. Light weight is very important in an airplane structure because every pound of
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structural weight replaces a pound of payload.
2.1-b;2-c¢c;3-b;4—a;5—c.
3.1-¢c;2-¢;3-f;4—a;5-b;6—g;7—d.
4.1-T;2-F;3-T;4-F;5-F;6-T;7-T.
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5. Possible questions:
1 — What component of an airplane produces lifting force?
2 — What sections is the wing divided into?
3 — Where are the movable parts of the wing located?
4 — What is the distance from the leading edge to the trailing edge?
5 — What does the wing structure consist of?

Language Focus

1. wing — airfoil; front edge — leading edge; shape — form; covering — skin; section — bay;
trailing edge — rear edge; power plant — engine.

2.leading —trailing; take off — landing; primary — secondary; root — tip; different — similar;
reinforce — weaken; transverse — longitudinal; movable — fixed.

3. 1 —transverse; 2 — spars, stringers and beams; 3 — bending, shear and torsion; 4 — fuel
tanks, engines, bays.

4. stressed skin; landing gear bay/nacelle; low-wing monoplane; mid-wing monoplane;
high-wing monoplane; bending load; wing root; flap; bay; control mechanism;
spanwise stiffener; wing shape; stress.

5.1 —into; 2 — on; 3 —in; 4 — from, to; 5 — with; 6 — of.

Unit 5. The Tail Group

Reading
1.1-c;2-¢;3—a;4—-g;5-f;6-d;7—h;8-b.

Comprehension Check

1.1-g;2—-a;3—-¢;4—h;5-b;6—-1,7—-d;9—c.

2.2.

3. 1 —tail unit; 2 — spars, ribs; 3 — dynamic balancing; 4 — trimmers; 5 — rudder; 6 —
fin; 7 — trimmer; 8 — fin; 9 — elevator; 10 — dorsal fin; 11 — elevators; 12 — balance
area.

4. Flutter is a violent vibration of a wing or control surface.

5. 1 —stability; 2 — hinged, rear; 3 — altitude; 4 — rudder; 5 — auxiliary, trailing edges;
6 — dynamic balancing.
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Language Focus

2. fixed — movable; to increase — to reduce; main — auxiliary; to promote — to avoid;
irregular — constant; weak — violent.
4.1 —1n, of; 2 — along, of; 3 —with; 4 — at; 5 — from.

Unit 6. The Fuselage Structure
Comprehension Check

2. — longerons provide the basis of the necessary strength to resist bending;
bulkheads give the fuselage its shape.
— the semi-monocoque type incorporates longerons or stringers carrying the main
portion of the load;
monocoque type of construction uses a single shell providing necessary structural

strength.
4.
Fuselage Structure
Truss type Girder type
A4
Welded tubular structure Monocoque type Semi-monocoque type

\ 4

Shell 1. Lopgerons
2. Stringers
3. Bulkheads
4. Frames,bulkheads
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Language Focus

3. cover — shield; derive — obtain; divide — split; reinforce — strengthen; resist — withstand;
bulkhead — frame; bay — compartment; assembly — unit; stress — pressure; house —
contain.

4. started — completed; flexible — solid; different — similar; broken — joined;
insufficient — sufficient; weak — reinforce; weak — strong; simplify — complicate;
inner — outer.

5.1-b;2-c;3—-a;4—-c;5-b;6—c.

Unit 7. The Landing Gear

Lead in
2.1-f;2—-h;3—-e¢;4-d;5-b;6—-g;7—c;8—a.

Comprehension Check

1. | UNIT FUNCTION

landing gear to support the airplane in proper location for take-oft and
landing, to provide shock absorption

pneumatic tyres to allow the airplane to taxi over rough ground and to assist
in absorbing the shock of landing.

shock-absorbing to absorb the shock of landing, to mount wheels
struts
tail skid to support the rear of an airplane, to provide an electrical

earth contact and to prevent the aircraft and crew from
damage through static electrical charges

wheel well to house landing gear in flight

2. Possible answers:

D — Tricycle gear has many advantages. It simplifies landing, eliminates the danger of
nosing over and carries the airplane in normal take-off position.

H — When the tail wheel rests on the ground it provides an electrical earth contact and
so prevents the aircraft and crew from damage through static electrical charges.
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3. 1 —to support, to provide; 2 — nose leg, main legs; 3 — nacelles; 4 — oleo unit; 5 — skid.
4. Possible questions:

— What are the main types of landing gear?

— What are the advantages of tricycle landing gear?

— When is the landing gear retracted?

— Where are the landing gear wheels retracted?

— What are the landing gear wheels fitted with?

— Why is the tail wheel designed of conductor type?

— How are the landing gear wheels attached to the fuselage?

Language Focus

1. fit — equip; strut — leg; rear — back; landing gear — undercarriage; intend — design;

support — maintain; tail wheel — skid; conventional — usual.

2. fixed — swiveling; similar — different; add — eliminate; complicate — simplify;
straight — rough; different — similar; result in — prevent; repair — damage.
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Section 2. Aircraft Engine

Unit 8. Engine Designing

Reading
b) 1) performance (e) a) COBEpILATh, BBIOIHSTh
2) payload (k) b) pexxum paboThI IBUTATENS
3) drag () C) 3arps3HITH
4) to create Q) d) oka3bIBaTh BIUSHUE
5) power output (2) €) JIETHbIE XapaKTEPUCTUKH
6) to accomplish  (a) f) moboBoe conpoTUBICHNE
7) strength (m) £) BBIXOAHAsI MOIIIHOCTh
8) loss (o) h) BcmomorarenbHbIE CpeCcTBA
9) facilities (h) 1) IIeb
10) to influence (d) j) IOCTUTATh
11) goal (1) k) rpy3onoabpeMHOCTD; Harpy3Kka
12) power setting  (b) 1) co3naBaTh
13) to reduce (n) m) IPOYHOCTh
14) to achieve () n) CHUXKATh
15) to contaminate (c) 0) MOTepH

Comprehension Check

1. 1. Basic things for engine design. (B)
2. Innovations in engine design. (E)
3. A machine for generating mechanical power. (A)
4. Experts involved in the process of engine construction. (D)
5. Factors, providing good engine operation and its reliability. (C)
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2. 1. This is a machine that produces mechanical power necessary for propulsion of a
vehicle.

2. To convert the fuel energy into propulsion one and to propel a vehicle.

3. Experts in the field of automatic control, measuring and information systems and

other specialists are involved in this process.

4. Aircraft engine designers must be well educated and able to solve the most difficult
problems by using all modern knowledge, techniques and facilities.

5. It is necessity to create plasma, ion and other exotic engines. Moreover, it is
necessary to have “clean” aircraft power plants, that is, aviation engines which do
not contaminate the environment due to usage of hydrogen as the main fuel.

3. TpeboBaHUs K KOHCTPYKIMHU — design requirements

oOnacTh npuMeHeHus — application

IUIOLIA/Ib OBEPXHOCTH — surface area

aBHALIMOHHBIE CUJIOBBIE YCTaHOBKM — aircraft power plants

JUTATENBHBIN CPOK AKCIUTyaTanuu — long life

oTpesieNieHNe ONTUMANIbHBIX MapaMeTpoB — determination of optimal parameters

OBICTPO Pa3BUBAOIIASCS OTPACib MpoMbIIIeHHOCTH — fast developing branch of

industry
4. a)
Engine Design
A machln.e Requlr'ements Specialists New types
for propelling for aircraft . :
. : involved of engines
vehicles designers
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Language Focus

L. a) aircraft (g) a. something successfully finished
2. advancement b.  the use of physical strength or power of the mind
(d)
achievement (a) c¢.  amethod of doing something that needs skill
4.  effort d. improvement, development or movement to a
(b) higher rank facility
facility (e) e. asystem that makes a particular activity possible
loss (f) f.  1nability to keep something
techniques (c) g.  aflying machine of any type, with or without an
engine
2.1 a) | high higher the highest

small smaller (the) smallest

great greater (the) greatest

simple simpler (the) simplest

cheap cheaper (the) cheapest

strong stronger (the) strongest

b) | modern more modern the most modern

efficient more efficient (the) most efficient

lightweight more lightweight (the) most lightweight

attractive more attractive (the) most attractive

popular more popular (the) most popular

significant more significant (the) most significant

3. larger lighter more
wider colder easier
heavier lower further

4. stronger; more lightweight; smaller; larger; higher; better; most bothersome; faster;

less; further; higher; greatest.
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5. (Suggested answers)

1. Thanks to its performance, this type of engine is capable of competing with the best

world’s engines of similar class.

2. This design is more efficient but it is more costly.

3. The cooler air then mixes with the hot air at the engine exit area.

4. The frontal area of the turbine is much smaller than that of the compressor and

combustion chamber assembly.

5. The result of this increased volume is a greater velocity.

6. The F100 is the safest and most reliable engine produced for bombers.

7. Since the J 73 engine is equipped with variable inlet guide vanes, it may accelerate

much faster than before.

8. The freighter has been more popular lately, especially among Asian carriers.

9. The more energy the turbine produces, the lower the rate of the turbofan exhaust
gases becomes.

10. In some cases, the planes are not so effective as helicopters.

6. a) verb

noun

both verb and noun

invent

performance

steam

melt

combustion

exhaust

blade

demand

degree

influence

fix

heat

result

power

burn

change

export

Process
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7. a) Any engine can be called a propulsion unit.

b) Steam units were the first power plants.

c) Turbojet is the most suitable engine for high forward speeds.

d) The number of stages in an axial compressor varies with an engine design.
e) Fuel must be burnt in the combustion chamber.

f) There are some methods of increasing the thrust for a turbojet engine.

g) Thrust is an applied force tending to produce motion in a body.

Speaking

a) Fig. 1 —turbine. Fig. 2 — twin-cylinder in-line. Fig. 3 — radial.

Unit 9. Jet Engine

Reading
1-f;2—-3;3—-a;4—-1;5-¢;6-k;7—h;8—g;9—-1;10—¢; 11 —-d; 12—b.

Comprehension Check

1.

1-T,2-T,3-F,4-T,5-T.

1 ... turbojets, turbofans, rockets, ramjets, pulse and pump-jets.
2 ... to produce the high pressure and high temperature gas jet.

3 ...any jet propulsion device which utilizes air from the atmosphere together
with the combustion of a fuel and produces the jet for propulsion purposes.

4. ... the reaction of the jet of hot gases ejected from the rear.

5. ... also industrial systems and equipment.

A —J79 Turbojet engine — b.

B — T58 Turboshaft engine — d.
C — T64 Turboprop engine — c.
D — CF34 Turbofan engine — a.
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Language Focus

1. l-e2-c¢,3-d,4—b,5—a.
2. l-e2-d,3—a,4—-b,5—c.

4. engine exit area — IJIO0Ia/lb BBIXOJJHOTO CEUEHUS COILIa JBUTATES

reaction principle — IpUHIMI PEaKTUBHOTO JIBUKCHUS

easy maintenance — HeIPUXOTIUBOCTh B 00CTYKUBAaHUH

the speed of sound — ckopocTh 3ByKa

high temperature gas jet — cTpys raza BEICOKOW TEMIIEpaTypbl
extreme advantage — IIaBHOE MPEUMYIIIECTBO

compressed air — cKaTblid BO3IyX

atmospheric air — arMocdepHbIN BO3TyX

front opening — ppoHTaNBHOE OTBEPCTHE

extensive use — MUPOKOE MPUMECHEHHE

the speed of sound — ckopocTh 3Byka

jet propulsion device — peakTUBHBIN JIBUTATEIIb

5. 1. Is being discussed — Present Continuous (PV)
2. Will be increased — Future Simple (PV)
3. Has had — Present Perfect (AV)
4. Am working — Present Continuous (AV)
5. Have — Present Simple (AV)
6. Has been provided — Present Perfect (PV)
7. Had equipped — Past Perfect (AV)
8. Was subjected to — Past Simple (PV)
9. Left — Past Simple (PV)
10. Had been overcome — Past Perfect (PV)
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6. 1.will be designed (b)
were designed (c)
are being designed (a)

2. were being created ()
had been created (b)
will be created (a)

3. was changed (b)
is being changed (©)
has been changed (a)

4. is achieved (b)
were achieved ()
will be achieved (a)

5.will be discussed (b)
has been discussed (a)
was discussed (c)

7. 1 —about; 2 — by; 3 — to; 4 — with; 5 — on/upon; 6 — at/on; 7 — for.

8. (Suggested answers)

1. The reporters were listed to with great attention.

2. Many issues were affected by practical requirements and restrictions imposed on
the market today.

3. I have never been asked about it.

4.You will be asked some questions after the report.

5. These data have already been referred to.

6. Is the equipment being installed? Do you think it will have been installed by the noon?

7. The project of this device have been worked at for 2 years.

8. The difficulties were overcome by better analysis of vibration problems.

9. This work will be completed in time.

10. A new type of nozzle has been recently developed by a group of engineers.
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Unit 10. Power Plant

Reading
b)
requirements for aircraft power plant
weight/power consumption proper engine engine

flexibility reliability

Comprehension Check

1. a) cunoBas ycTaHoBKa — power plant
ammapar Ui IBYKeHHUs: — means of propulsion
BEJIMYMHA — amount
crocoOHOCTh — ability
TpeboBaHme — requirement
JBUTATEh — engine
Bec — weight
ko3 urmeHT — ratio
onpenenats — define
BBIXOJ1 — output
LEJIb — PUrpose
TorunBo — fuel
notpebiieHne — consumption
CYIIIECTBOBATh — €Xist
HaJIeKHOCTh — reliability
UBITUIIIEK — €XCesS
peMoHT — overhaul

npucrnocoonsemocts — flexibility

2. 1-d,2—-e,3—a,4—-b,5—c.
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3. 1. The engine.

2. The weight of any engine must be as low as possible.

3. Flexibility is the ability to run smoothly and perform properly at all speeds and
through all variations of atmospheric conditions.

4. Maximum.

5. The necessity of carrying away excess heat.

6. It is a means of propulsion that should meet a number of requirements to work

effectively.

7. There are gasoline engines, diesel engines, gas turbines, jet engines and rocket

engines.

Language Focus

1. l-e;2—-g;3—a;4—-b;5—-c;6-1;,7—d.

2. a) power
b) requirements
C) excess
d) engine
e) output
f) overhaul
g) flexibility

3. (Suggested answers)

. mechanical power

. reduced weight

. fuel consumption
. engine flexibility

. atmospheric conditions

. important requirement
. overhaul period
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4. 1. must have
2. had to be developed
3. may be
4. could be used
5. should check

5. (Suggested answers)

1. The power plant is an important part of the aircraft.

2. Piston and turboprop engines consist of two main parts: the engine and the propeller.
3. The aircraft engine serves as a means of propulsion.

4. If there are some engines on board of the plane, they are located in nacelles.

5. Normally, the propeller is located on the engine shatft.

Writing
1. The machine that produces power is called an engine.
2. A power plant is a means of propulsion.
3. The designers want to solve the problem of fuel consumption.
4. Today’s modern airplanes are powered by turbofan engines.

5. Do you know what was the first engine like?

Unit 11. Gas Turbine Engine Components

Comprehension Check

1. a) pOTOpHBII KOMITpEeccop — rotary air compressor
BO3/TyX03a00pHUK KOMIIpeccopa — air intake
HeHTpOoOeKHBIN Kommpeccop — centrifugal flow compressor
oceBoii Kommpeccop — axial flow compressor
pabouee koneco — impeller
nuddysop — diffuser
nepeMeHHbIe psijbl — alternate rows
pe3ynbTupytomas tara — resultant thrust
KOJIbIIEBast Kamepa cropanus — annular combustion chamber
BCIIOMOTATEJIbHBIC arperaThl ABUTATEIIS — aCCessories

BBIXJIOINHBIE Ta3bl — discharge gases
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2. Part Function

compressor centrifugal — to accelerate the air andto produce the required
pressure rise; axial — to accelerate and diffuse the air

combustion chamber | to expand the air, passing through the engine, by burning fuel
in the air stream

turbine provides the power to drive the compressor and accessories

exhaust system passes the turbine discharge gases to atmosphere at a
velocity, and in the required direction, to provide the
resultant thrust

3.a) 1. The gas turbine engine consists of a rotary air compressor with an air intake,
one or more combustion chambers, a turbine and an exhaust outlet.
2. There are two basic types of rotary air compressors: a centrifugal flow
compressor and an axial flow one.
3. To produce the required pressure rise.
4. It has rotating and stationary blades.
5. In the air stream.

Language Focus

l.a)l—-e¢;2—-g;3—-a;4-b;5-f,6-d;7—c.

2. The gas turbine engine takes air from the atmosphere and, after compressing and
heating, it uses some of its power to drive the turbine. The mechanical geometry of the
gas turbine engine is simple. It consists of two main rotating components, a compressor,
a turbine and a combustion chamber. The turbojet engine is most appropriate for high
forward speeds. At aircraft speeds below 450 miles per hour the jet engine is less
powerful than a propeller-type engine.

3. (Suggested answers)

1. This engine may be installed on a new airliner.

2. The proposals of this design team should be taken into consideration.

3. Itis necessary to conduct a thorough inspection of the compressor of this power plant.
4. Moreover, the performance measures of this plant should be checked.

5. We were assured the report would be completed in time.
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Speaking

a) A —LMG6000 gas turbines (used for industrial equipment).
C — CF34 turbofan engine (used for aircraft).
D — IM400 TRI-FLECS gas turbine co-generation system (used for industrial
systems).
FLEXS — (Flexible Electric Cogeneration System).

Unit 12. Compressors

Reading

1. compressor efficiency — maximum compression with minimum temperature rise;
axial flow compressor — a compressor that is made up of a series of rotating
airfoils called rotor blades and a stationary set of airfoils called stator vanes;
stage — a row of rotating and stationary blades is called a stage;
rotor blades — a series of rotating airfoils called rotor blades;
stator vanes — a stationary set of airfoils called stator vanes.

Comprehension Check

1. a) Role: provide a maximum of high-pressure air and then expand it through the
turbine.
Efficiency: determine the power necessary to create the pressure rise of a given
airflow and affect the temperature change.
Characteristics: *compression ratio is 15:1;
*efficiency 1s about 90%;
*airflow 1s up to 3501b/s;
*total pressure ratio is 25:1 (if fan is added);
*mass airflows 1s 10001Ib/s (if fan is added).

Types of compressors: axial, centrifugal, centrifugal-axial.

2.a) cTeneHb cxKaTtusg — compression ratio
oceBoii komripeccop — axial/axial flow compressor
IEHTPOOSXKHBIN KoMmpeccop — centrifugal-flow compressor
a’poIMHAMHUYECKasi MOBEpXHOCTh — airfoil
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b)

3.

l..

jomnacTth — blade, vane

KOMILIEKT Jonarok — blading

HAcoC — pump

Kackaj (koMrpeccopa) — spool
dbpoHTanbHAs MOBEPXHOCTH — frontal area
CTYIIEHb — Stage

HarHeTaHue — pumping

noBpexeHue — damage

JMana3oH — range

npucnocoOnsemocts — flexibility

IUIOTHAs Mocajka aeraneit — close fit
BJIMSITH HA U3MeHeHue temreparypsl — affect the temperature change
CHUXaTh CTOUMOCTH — bring down the cost

.a maximum of high-pressure air which can be heated in the limited volume of the
combustion chamber and then expanded through the turbine.

2... the power necessary to create the pressure rise of a given airflow and affects the

temperature change which can take place in the combustion chamber.

... parallel to the axis of the engine.
... aseries of rotating airfoils called rotor blades and a stationary set of airfoils called

stator vanes.

... some axial-flow designs have two or more compressors or spools which are driven

by separate turbines.

.. 1t 1s capable to very high compression ratios with relatively high efficiencies.
...this type of pump being highly susceptible to damages of foreign objects.

. the demands of efficiency and output predominate considerations of cost,
simplicity, flexibility of operation.

4. (Suggested answers)

1.

Its efficient operation (maximum compression with minimum temperature rise) is

the key to high overall engine performance.

The compressor efficiency determines the power necessary to create the pressure

rise of a given airflow and will affect the temperature change which can take place

in the combustion chamber.

. A row of rotating and stationary blades is called a stage.
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. It is made up of a series of alternating rotor and stator vane stages.
. Axial compressors are capable to very high compression ratios with relatively

high efficiencies. They have small frontal area. Unfortunately the delicate blading,
especially toward the rear, makes this type of air pump especially susceptible to
foreign object damage.

The number of compressor blades and stator vanes (which can exceed 1000 in a large
jet engine), the close fits required for efficient air pumping, and the much narrower
range of possible operating conditions, make this type of compressor very complex

and very expensive to manufacture.

. Where the demands of efficiency and output predominate considerations of cost,

simplicity, flexibility of operation, etc. Most manufacturers utilize several dodges
to increase flexibility and to improve the operating characteristics of the axial-flow

COmMpressor.

Language Focus

1.

since — MockobKy; key — kitou; affect — BnusATh; approximately — npuOIU3UTENbHO;
addition — noGamneHue; entire — Bech, alternating — uepenmyrommiics; design —
koHCTpykims; therefore — mostomy; advantage — mnpeumyinectBo; relatively —
cpaBHUTENBbHO; unfortunately — k coxanenuto; especially — ocobenno; furthermore —

0oJiee TOro.

. a) to set free — to release; to use — to consume; whole — overall; modern — present-day;

besides — in addition to

. arrays of; a requirement for; arrays of; set in; flow for; blades of; with the cross-

sectional area; of the gas passage.

. 2) maximum —minimum; under — over; expansion —compression; rotating — stationary;

front — rear; wide — narrow; input — output; complexity — simplicity

. spinning; stalled; violently; associated; rotational; operating; variable.

.a) 1-1;2-0;3-1;4—-a;5-5;6-b;7—-1;8—-¢;9—-q;10-d; 11 —e¢; 12-1;

13—g;14—3; 15-m; 16 —n; 17—-h; 18 —k; 19 —p.
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Unit 13. Centrifugal-Flow Compressor

Lead in
Construction Characteristics
impeller chief
manifold multiple
rim single
stage ruggedness
plenum chamber shock wave
diffuser acceleration
gas turbine gas turbine
excessively
double-entry
rapid
attribute
inefficient
flexibility
massive
centrifugal
simplicity
Reading

2. Components: impeller, diffuser manifold, compressor manifold.
Types: single-stage, multiple-stage, double-sided.
Characteristics: high compression ratio per stage, simplicity, ruggedness and low
cost.
Advantages: flexibility.
Disadvantages: massive construction, large air chamber, lost of efficiency.

Application: on small engines.

Comprehension Check

1. a) 1. It consists of an impeller and a diffuser manifold.
2. Centrifugal force provides high acceleration to this air and causes it to move
outward from the axis of rotation toward the rim of the rotor where it is ejected at
high velocity and high kinetic energy.
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3.a)
a)

3. The pressure rise is produced in part by expansion of the air in the diffuser
manifold by conversion of the kinetic energy of motion into static pressure energy.
4. The centrifugal compressors can be manufactured in a variety of designs
including single-stage, multiple-stage, and double-sided types.

5. They are simplicity, ruggedness and low cost.

6. Because of its massive construction.

7. Above a compression ratio of 6 or 7 to 1 efficiency drops off at a rapid rate.

8. Through the use of multistage compressors.

. ...an impeller and a diffuser manifold.
. ...by expansion of the air in the diffuser manifold.
. ... single-stage, multiple-stage, and double-sided types.

...damage from the injection of foreign objects.

1
2
3
4
5. ...above 80% efficiency of a compressor.
6. ...low fuel consumption.

7. ... the difficulty in turning the air as it passes from one stage to another.

8. Double-entry compressors...

9. ... adiffuser by which means the rear impeller can receive its air.

10. ... on the smaller engines, where simplicity, flexibility of operation and
ruggedness are the principle requirements rather than small frontal area, and

ability to handle high air flows and pressures with low loss of efficiency.

impeller — pabouee koneco; manifold — TpyOGompoBoa; rim — KpOMKa;
ruggedness — MPOYHOCTh; tip — KOHUYMK; Ingestion — 3acachiBaHuE; stage —
cTyrneHb; plenum chamber — kamepa cropanusi; conversion — MpeBpaleHue; eye —
OTBEPCTHE; 1n turn — B CBOIO ouepeib; feature — mpusHak; damage — moBpexacHuUE;
expansion — pacuImpeHne

b) to draw in — BTsaTHBaTH; to direct — HanmpaBIsATh; to revolve — Bpamarh; to cause —

c)
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BBI3BIBaTh; to drop off — cHmkarh; to rule out — nckiIrO4aTh; to obtain — 10CTUTATH;

to offset — kommencupoBars; to handle — ynpaBisaTs

susceptible — monBepkeHHBIN; capable — cnocoOHbIM; chief — TIaBHBIN;
attending — comytctBytonmii; partially — wactuuno; inherent — mnpucymui;

single — enMHCTBEHHBIN; multiple — MHOXeCTBeHHBIH; outward — u3BHE
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4. a) add; manufacture; drop off; offset; rule out.

Language Focus

1.1-c,2-b,3—a,4—¢,5-d,6—-h,7-1f,8—g.
2.1-h,2-b,3-d,4-f,5-a,6—-¢,7—c,8—g.
3.a)l—c;2—-f;3—-h;4—a;5-b;6-d;7—¢;8—g.

4. 1—includes;2—forms;3—incompressible;4—deal; 5—greater; 6—experience; 7—contrast;
8 — through; 9 — an increase. The extra word is CONVERT.

5. are used throughout; reciprocating compressors without; more suited to; high volume

with; in contrast; 8,000 to; one example of; an application of; their use in; back into.

6. operating; allowable; equipment; typically; location; detrimental; resistance;

occurrence; occasional; catastrophic.

Unit 14. Operation of the Combustion Chamber

Reading

2. Combustion system: air and fuel mixture; burning; cooling.

Comprehension Check
1.1-f;2—-e¢;3—-a;4-b;5-c;6-—d.

3. 1 — F (Fuel is introduced at the front end of the burner in either a highly atomized

spray from specially designed nozzles.).

2 —F (Air flows in around the fuel nozzle and through the first row of combustion air
holes in the liner.).

3 — F (Additional air is introduced through the remaining air holes in the liner.).

4 —F (During combustion this action permits rapid mixing and prevents flame blowout
by forming a low-velocity stabilization zone.).

5-T.

6 — F (Since there are only two igniter plugs in an engine, cross ignition tubes are
necessary in the can-annular types of burners in order that burning may be initiated

in the other cans or inner liners.).

299



AHenudckul 3bik 0511 cmy0eHmoe8 aspoKOCMUYECKO20 rnpoghusis

7 — F (The igniter plug is usually located in the upstream reverse-flow region of the

burner.).

8 — F (If all the air flowing through the engine were mixed with the fuel at this point,

the mixture would be outside the combustible limits for the fuels normally used.).

9 — F (Before entering the turbine the gases must be cooled to approximately half of

this value.).

10-T.

.a) 1. Fuel is introduced at the front end of the burner in either a highly atomized
spray from specially designed nozzles, or in a prevaporized form from devices called

vaporizing tubes.

2. The burner geometry is such that the air near the nozzle stays close to the front wall

of the liner for cooling and cleaning purposes.

. The air entering through opposing liner holes mixes rapidly with the fuel and forms

a combustible mixture.

. It is prevented by forming a low-velocity stabilization zone which acts as a

continuous pilot for the rest of the burner.

. The intense turbulence is necessary for mixing the fuel and air and for transferring

energy from the burned to the unburned gases.

. There are only two igniter plugs.
. In the upstream reverse-flow region of the burner.

. After ignition, the flame quickly spreads to the primary or combustion zone

where there is approximately the correct proportion of air to completely burn
the fuel If all the air flowing through the engine were mixed with the fuel at

this point, the mixture would be outside the combustible limits for the fuels
normally used.

Language Focus

l.a) 1-a,2—-g,3—-c,4—1,5-¢,6-d,7-b).
b)1-b,2—-c,3-a,4—-f,5-h,6-¢,7-1,8-d,9-g¢g.

2.a) 1—nozzle; 2 — blowout; 3 — turbulence; 4 — diluting; 5 — blanket.
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4. travel at; air flows through; burning in; some of; mixture ratio of; air used for
combustion; air used for cooling; ported through; small holes in; a blanket of;

combustion can from; subjected to.

5. a) (Suggested answers).
1-f; 2-d;3-k;4-1;5—a;6-b;7—¢c;8—-¢;9—g;10—h; 11 —j; 12— 1.

6. engine nozzle; complex manifold; flow streams; via the injector; through an atomizer;

an electric spark. The extra word is LINER.

7. Incemplete combustion (a state in which not all the fuel in the combustion burns)
may result from inadequate chamber design, or it may be deliberately designed into
the system so that the unburned fuel acts as a chamber coolant. Generally, incomplete

combustion is indicative of a system not functioning efficiently.

Combustion chamber is a space over, or in front of, a boiler furnace where the gases

from the fire become more thoroughly mixed and burnt. The clearance space in the

cylinder of an internal combustion engine is compressed and ignited.

Unit 15. Supersonic Ducts

Lead in

2. 1-1;2-m;3-e;4—g;5-d;6—a;7-h;8—n;9—-1,10-k; 11 —1; 12 —7; 13 —o;
14 —c; 15-b.

Comprehension Check

1. 6ynyT co3naBarh BUOparmoHHbie yciaoBus — will set up vibrating conditions; Touka
BOCCTaHOBJICHUS JaBieHus B kaHane — the duct recovery point; ynapHas BojHa
MONIEPEMEHHO 3araThiBA€TCsl WJIM BBITAJKUBAETCS Ha BXojae B kaHal — the shock
wave being alternately swallowed and expelled at the inlet of the duct; ynep»uBath
yaapHyto BoJHY BHe coria — keep the shock wave out of the duct.
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3. 1 — F (The supersonic duct problems start when the aircraft begins to fly at or near
the speed of sound.).
2 — F (The normal shock wave will produce a pressure rise and a velocity decrease to
subsonic velocities before the air strikes the inlet duct.).
3 — F (At low supersonic Mach numbers, the strength of the normal shock wave is not

too great).
4-T.
5-T.

4. a) 1.Thesupersonic inlet duct must operate in three speed zones: subsonic, transonic,
supersonic.
2. At the sonic speeds.
3. Buzz.
4. At higher Mach numbers.
5. There are some reasons. It is due to: 1) an oblique shock pressure rise; 2) a normal
shock pressure rise; 3) a subsonic diverging section pressure rise.

Language Focus

2. a) Distribute them into the columns according to the meaning they contain in parts
A-H.

b) Think of an additional column and entitle it. Fill it in with the necessary

prepositions.
Parts | Direction Phrasal Time Mere.ly grammatical ? (Place)
verbs relations
A n
B by, with
C up in, by, of at, in
D to of, by, with at
E to, out of before | of, by, in behind, at, above,
in front of, behind,
inside
F into, out of | up (set up), of, to at, behind
to (due to)

3.1 —of, at, to, by. 2 — to, until. 3 — before, with, out, of. 4 — into. 5 — in.
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Unit 16. Inlet Ducts

Reading

a) the duct pressure efficiency ratio is the ability of the duct to convert the kinetic or
dynamic pressure energy at the inlet of the duct into static pressure energy at the
inlet of the compressor without a loss in total pressure;

the ram recovery point is an aircraft speed at which the ram pressure rise is equal
to the friction pressure losses, or the airspeed at which the compressor inlet total
pressure is equal to the outside ambient air pressure;

a bellmouth inlet is a bell-shaped funnel having carefully rounded shoulders, which
offer practically no air resistance.

Comprehension Check

1. b)

Inlet Ducts: 1 — operation, 2 — configuration, 3 — role, 4 — characteristics, 5 —
types.

Role: a) convert the kinetic energy into a ram pressure rise; b)supply the engine
with air.

Characteristics: a) duct pressure efficiency; b) ram recovery point.

Types: a) subsonic; b) supersonic.
2. a)

a) yA3BUMBIH — critical; poBHBIN — straight; BHenHU — outside; HenmonBKHBIN — dead;
1aBHO — smoothly;

b) uucio Maxa — Mach number; monoxxenue — attitude; pactipeaenenue — distribution;
CpPBIB KoMIIpeccopa — compressor stall; ocHoBHas 3amadya — primary task;
CKOPOCTHOM MOTOK — ram; COMpPOTUBIICHHE — resistance; TpeHue — friction; Touka
BOCCTAHOBJICHHSI CKOPOCTHOTO IOTOKAa — ram recovery point; morepu — losses,
inefficiencies; rpannuHblii cioi Bo3myxa — boundary, layer air; B AOIMyCTHMBIX
npenenax — within limits;

c) misa Toro 4ytoObl — in order to; TakuM 00pa3oMm — in such a way; Mo cymiecTBy —
essentially;

d) cBomuthcs k — be held to; mocraBnsaTe — deliver; obGecneuuBath — supply;
npuBecTd K — result in; ymepkare — keep; mpoucxoauTh (CiIy4darbcsi) — OCCUT;
onpenenarb(cs) — determine.
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3. a) (Suggested answers)
1. It supplies the engine with the air at the highest possible pressure.

2. The inlet duct must operate from static ground run up to high aircraft Mach numbers

with a high duct efficiency at all altitudes, attitudes, and flight speeds.

3. Inlet Ducts should be as straight and smooth as possible, and should be designed
in such a way that the boundary layer air (a layer of still, dead air lying next to the

surface) be held to the minimum.
4. It delivers the air to the front of the compressor.

5. Not only must the duct be large to supply the proper airflow, but it must be shaped
correctly to deliver the air to the front of the compressor with an even pressure
distribution. Poor air pressure and velocity distribution at the front of the compressor

may result in compressor stall.
6. They are rated due to the use of a bellmouth inlet.

7. Inlet Ducts may be divided into two broad categories: subsonic ducts and supersonic

ducts.

Language Focus

1.1-b;2-¢;3—-f;4-h;5-d;6—-3;7-1;8—-k;9—¢;10—a; 11 —g.
2.a) 1-¢;2-d;3-—;4-1,5-k;6—-1;7—g;8—h;9-Db; 10—a.
b)l1-f;2-¢;3-a;4-b;5-c;6-d;7—g.

3.a) 1-¢;2-1;3—a;4-b;5-¢c;6—d.
b) 1 — convert; 2 — causes; 3 — accomplished; 4 — supplied; 5 — rated; 6 — influenced.

4. for subsonic aircraft; minimize drag; even for supersonic; shockwaves form; to
increase. The extra word 1s DECREASE.

5. 1 — perpendicular to the direction of the flow; the flow to subsonic speeds; crowd of
molecules; Mach number_to

2 — bow wave on and radiate from; for a given inlet; supersonic throughout; until

another flow.
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6. b) |1 ADVANCE advanced adjective
2 COMPRESS compressor noun
3 REDUCE reduction noun
4 CORRECT corrected adjective
5 DISCONTINUE discontinuity noun
6 WEAK weaken verb
7 RECOVER recovery noun
8 HIGH higher adjective
9 NORM normal adjective
Unit 17. Turbine
Lead in

2. Turbine Construction

Reading (Part I)
1-D;2-F;4-C;5-A;6-B;7—-E.

Comprehension Check

1. B mpenenax — within limits; mporieHTHOE COOTHOIIIEHHE — percentage; COOTBETCTBYIOIIEE
yBenmuueHne — corresponding increase; paBHOMEpPHOE pacIpeieficHHe Harpy3Kk —
equitable load distribution; octaBiuecs TypOuMHBI —remaining turbines; skcTpemMalibHbIe
ycnoBus — extreme conditions; HaubGonee HampspkéHHbIE yacTH — the most highly
stressed parts; mpu CUITBHBIX HEHTPOOEKHBIX Harpy3kax —under sever centrifugal loads;
B IpeJieax 0e30MacHbIX HKCIUTyaTallMOHHBIX peXUMOB — within safe operating limits;
JUTsl 00eCIieueHUs CTPYKTYPHOM LIEIOCTHOCTHU — to assure structural integrity.

2. Fig. 1 — a turbine rotor assembly; Fig 2. — “fir-tree” attachment for turbine blades;
Fig. 3 — shrouded and unshrouded turbine buckets.

a) 1 — turbine wheel; 2 — buckets; 3, 5 — bearing journals; 4, 6 — bearings; 7 — turbine
shaft; 8 — main drive spline.
¢) It corresponds to part C.
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3. 1... to keep the turbine within safe operating limits.

2... X-rays, sound waves, and other inspection methods to assure structural integrity.

3... highly alloyed steel and are passed through a carefully controlled series of
machining and inspection operations before being certified for use.

4... within limits by passing relatively cool air bled from the compressor over the face
of the turbine...

5... the power required to drive the compressor...

6... When two or more turbine wheels are used...

7... more blade area is needed in the rear stage to assure an equitable load distribution
between stages.

Reading (Part II)

1. a) radial-inflow type; b) axial-inflow type.

3.a) The second graph better reflects the content of the text. But it needs some changes.

Types of turbines

Radial Inflow Axial Flow
I I
I I Design Features
Advantages Design features |
I I Blades Rotor

Shrouded Unshrouded
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Language Focus

1. a) (Suggested answers): controllable, shrouded, proportional, rotational, excessive,
careful/careless, alloyed, advantageous.

2. a) (Suggested answers): keep to/from/up/within; attach to; tend to; convert to/into;
forge from; subject to; achieve by; change into; set up/by; depend on/upon.

3. the most seriously; stream of hot; which raise; introduce vibratory; of the wheel;
by the combustion; not uncommon; the rim of; one turbine disk; do not encounter;
through various; to flow around. The extra word is CAUSE.

4. a) (Suggested answers)

Verb Translation Noun Translation
1. to flow MPOTEKaTh flow MOTOK

2. to force 3aCTaBJIATh force cuia

3. to exhaust BEIITYCKaTh exhaust BBIXJIOIT
4. to use UCTIOJIH30BATh use T0JTh3a

5. to work paborarb work pabora

6. to set yCTaHaBJIUBAaTh set KOMIUIEKT
7. to assemble co0uparb assembly arperar
8. to form dbopmupoBaTh form dbopma

9. to discharge paspsiKarb discharge pas3psia
10. to sound 3By4arh sound 3BYK
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Part 11

Unit 1. IT for Aviation

Reading

2. IT in aviation: aircraft engineering, flight management, airline operation.

Aircraft engineering: design and development, testing, training.

Flight management: communication, navigation, aircraft maintenance, surveillance.

Airline operation: airline reservation, air traffic control, e-ticketing, security check,
self-service kiosks, airport management.

3. Sirena Travel.
5. wire frame, solid, surface.

6. CIM=Computer Integrated Manufacturing, CAPPS=Computer Aided Process Planning
and Control, CAQA= Computer Aided Quality Assurance, CAMH=Computer
Aided Material Handling, CAMM=Computer Aided Maintenance Management,
CADD=Computer Aided Design and Drafting.

Language Focus

1. Verb Noun Adjective
apply application applied

develop development, developer developed, developing
produce production, producer productive
compute computer computing
manage management managing
execute execution, executor executive
increase increase increasing
provide provision, provider providing
operate operation operating

2.1-C,2-D,3-A,4-B,5-C,6-D,7-C,8-D,9-B, 10-C.

Listening

5.1-F2-T,3-T,4-F5-T.
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Unit 2. IT for Cosmonautics

Reading

3. heliocentric=sun-centred, movement=motion, obtaining=acquiring speed=velocity,
place=position, give=provide, precise=accurate, at the same time=simultaneously,

fast=high-rate, change=alter.

Language Focus

1. propulsion system, high precision, mathematical model, navigation system, radial

component, ranging pulse, precise data, wave front.
2.1-E,2-G,3-D,4-B,5-F,6-A,7-C.

3. 1 — position, 2 — vehicle, 3 — circle, 4 — target, 5 — rocket, 6 — use, 7 — data,

8 — together.

. Satellites are used for a large number of purposes.

. Robotic spacecraft is a spacecraft with no humans on board.

. Before the invention of the telescope, people has few tools to explore space.

. Sir Isaac Newton was searching for a way to reduce the length of a telescope.

. Karl Jansky in the 1930’s discovered that galaxies emitted radio waves.

AN »n B~ W N =

. Computers have led to major advancements and breakthroughs in space

research.
7. How does the Hubble Space Telescope work?
8. What are supercomputers used for?

9. What plays a critical role in space exploration.

5. Across: 1 trajectory, 2 mission, 3 sputnik, 7 alien, 8 astronomy, 11 shuttle, 12 crew,

13 meteorite, 15 destination 16 navigation.

Down: 2 constellation, 4 simulation 5 telescope 9 moon 10 Star Wars, 14 orbit.
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6. be was/were been
become became become
begin began begun
do did done
draw drew drawn
find found found
fly flew flown
get got got
give gave given
grow grew grown
have had had
keep kept kept
know knew known
lie lay lain
lead led led
make made made
mean meant meant
see saw seen
take took taken

Comprehension Check

2.1-T,2-T,3-F,4-F5-F,6-T,7-F 8-F.

Listening

1. 1. nano-satellite ...earth-like ... planets
2. Exo-Planet Sat ... loaf of bread ... powerful optics ...

technology

3. transiting planet ... stars ... brightness ... in front of

4.3 litres ... 1I0cm ... 10cm ... 30 cm

5. three segments

control and stabilisation

6. imaging ... electronics ... computer systems ... power systems ... reaction wheel

7. 1mages ... moving ... direction ... compensating ... six ... freedom ... locked
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Unit 3. Digital versus Analog

Vocabulary
1.1-¢;2—-1;3—-g;4—h;5—-a;6—-d;7—¢e;8—b.

2. 1) amplitude

2) binary format

3) continuous
4) discrete
5) bit streams

Reading

6) communication medium
7) distortion
8) networking

9) data exchange

10) multiplexers

1. Arguments in favour: digital technology allows conveying vast amounts of data over

a limited number of channels and provides increased noise immunity.

Comprehension Check

1.

1. performance

7. a delay

2. a bottleneck

8. to acquire

3. the advent

9. immunity

4. to overcome

10. negligible

5. to convey

11. to distinguish

6. to restrict

12. substantial

2.1-¢c;2-d;3—-a;4-f;5—g;6—¢;7—D.

4.

System |Channel capacity |Speed Noise immunity Resolution

Analog |Only one signal per |Instantaneous |Corrupted by any Unlimited
channel amount of noise resolution

Digital |Many signals per |Time-delayed |Immune to certain |Limited
channel amounts of noise resolution
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Language Focus

3. 1 -into; 2—the; 3 —with;4—be; 5—as; 6—forinstance; 7—which; 8 —such as; 9—between;
10 —on; 11 —while; 12 —1s; 13 — both; 14 —1t; 15 — as...as.

4.3-6-1-5-9-12-2-10-15-4-16-7-14-11-13-8.

6.1-C;2—-E; 3—H; 4-A;5-D; 6-G; 7—B; 8 —F—extra.

Unit 4. Digital Carrier Systems

Lead in

2. All of the words can be used in an introductory text except for, probably, level, power
supply and spectrum.

Reading
1.C-A-D-B.

2.The words level, interference, modulation, power supply, bandwidth, spectrum and
range are not used in the text.

Comprehension Check

1. 3.
3. 1¢), 2b), 3¢), 4a), 5b).
4.1-F2-T,3-F4-T,5-F,6-T,7-F.

Language Focus

1. 1. a) transmitted b) transmitting. 2. obtaining. 3. making.
4. a) transmitting b) receiving. 5. being. 6. a) developed b) applying.
7. a) proposed b) based. 8. a) spaced b) linked.
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2. 1A, 2D, 3A, 4C, 5B, 6C, 7D, 8A, 9B, 10D, 11C, 12B, 13A, 14C, 15B.

3. 1 sensors, 2 crash-proof container, 3 similar circumstances, 4 a crucial component,

5 an applied load force, 6 a sonar transmitter, 7 the recording media, 8 moving parts,

9 an analog format, 10 a binary signal, 11 filtration, 12 to determine.

Unit 5. Avionics: On-Board Electronic Devices

Vocabulary

l.1-¢;2-k;3—a;4-h;5-3;6—-g;7—¢c;8—-1;9—-1;10—-0;11—-b; 12 —n; 13 —d;
14—m; 15—p; 16 —1.

Comprehensive Check

Position of the vehicle (distance departure point, distance to destination, altitude).
Outboard conditions (local traffic, wind/ground speed, weather conditions).

The aircraft performance (fuel supply, trip, range, air speed).

Extraordinary situation (collisions, fire, electrical system failure).

Language Focus

3.(1-52-1;3-6;4-3;5-2;6-4).

4.(1-a;2—-¢e;3—-c;4—-1,5—-b; 6-4d).

5.(1-b;2-c¢;3—a;4—-b;5—a).

6. a) ADF - Automatic Direction Finder, DME - Distance Measuring
Equipment, GPS — Global Positioning System, HIS — Horizontal Situation
Indicator, Comm-Communication, RADAR - Radio Detection and
Ranging, RMI — Radio Magnetic Indicator, VHF — Very High Frequency,
AC — Alternating Current, ATC— Air Traffic Control, HF— High Frequency, VOR—
Visual Omnirange, AM — Amplitude Modulation
b)l-c;2-¢;3—-g;4—1,5-a;6-b;7-d;8-m;9-k; 10—1; 11 —3; 12 —h;

13 -1
7.(1-B;2-A;3-B;4-A;5-C;6-B; 7-A;8-B;9-C; 10— B).

Headings: 1 — Aircraft avionics; 2 — Communications; 3 — Navigation
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Unit 6. Avionics: On-Board Equipment

Comprehension Check

1. § 1 — Automated flight control reduces pilot error and workload at key times and
increases safety.

§ 2 — Collision — avoidance systems are able to detect the location of nearly aircraft
and provide instruments for avoiding a midair collision.

§ 3 — Weather systems such as weather radar, lighting detectors, wind shear and
turbulence detection and terrain and traffic warning systems are important for
aircraft flying in instrument meteorological conditions.

2. TRAS — Traffic alerting system

CFIT — Controlled flight into terrain
GPWS — Ground- proximity warning systems
TAWS — Terrain awareness warning system

3. alerting system — quick to notice any unusual and potentially dangerous or difficult
circumstances; vigilant

transponder — a device for receiving a radio signal and automatically transmitting
a different signal

turbulence — violent or unsteady movement of air or water, or of some other fluid
terrain — a stretch of land especially with regard to its features

convective activity — activity in which upward motion of warmer fluid in the
center is balanced by download motion of cooler fluid at the periphery
precipitation — the fact or quality of acting suddenly and rashly

wind share — variations in wind velocity occurring along a direction at right angles
to the wind’s direction and tending to exert a turning force

deviate — depart from an established course

Language Focus

— Present Simple Active/Passive (have, use, do not provide/include, is tested)
— Past Simple Passive (were used)

— Present / Past Perfect Active (has increased, had limited)

— Modal verbs (can detect, can provide, may use)

1. avoid midair collisions, detect location, supplement air traffic control, overcome
weakness, provide instructions, use systems
2. use-usage-usable-user, avoid-avoidance-avoidable-unavoidable, allow-allowance-

allowable-unallowable, divide-division-divisible, detect-detection-detective
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Reading

1.

1. Yes, there are some. A glass cockpit uses several displays driven by flight management
systems that can be adjusted to display flight information as needed, they eliminate
the need for a flight engineer, saving costs.

2. As aircraft displays have modernized, the sensors that feed aircraft displays have
been modernized as well. Gyroscopic flight instruments have been replaced by
electronic AHRS and ADCs, GPS receivers are integrated into glass cockpit.

3. Modern glass cockpits include Synthetic Vision (SVS) or Enhanced Vision systems
(EVS).

4. All new airlines such as the Airbus A380, Boeing 787, Bombardier Global Express

and Learjet use glass cockpits.

Unit 7. Unmanned Aerial Vehicles

Lead in

1. Post service, Geoinformation, Landscape research, Goods delivery, Green Peace

Activities.

2. Economy, environment friendly, low operational costs, no need of special runways.

Comprehension Check
3.b)1—c,2-1,3-d,4—¢,5-b,6—a.
4. 1-T,2-F,3-F,4-F,5-F 6-T.
Language Focus

2. a) 1 —remotely, 2 — pilotless, 3 — unlawful, 4 — outfitted, 5 — sharing, 6 — privacy.

3. 1 —invasion, 2 —task, 3 —artificial intelligence, 4 — neural networks, 5 — achievements,

6 — expansion, 7 — visual, 8 — to a greater extent
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Unit 8. Computer Optics

Lead in
1. Blu-ray, CD, DVD, Holography, Fiber Optics.

2. 1. a technique which enables three-dimensional images (holograms) to be made.

2. a flexible, transparent fiber made of high quality extruded glass or plastic.
3. A CD can hold 783 megabytes of data.

4. DVD can hold 15,9GB of data.

5. Blue-ray is an advanced storage device.

3.1-f,2—-¢,3-h,4-b,5-e,6-g,7—1,8—2a,9—b.

Comprehension Check
4.1-T,2-T,3-F4-T,5-F,6-F,7-T.
Language Focus

1. b) 1. holography, 2. core, 3. buffer coating, 4. cladding, 5. ray.

2. 1. technique, 2. laser light, white light, 3. device, 4. task, 5. Blu-ray, 6. of a human
hair, 7. in bundles, 8. single-mode fibers and multi-mode fibers, 9. single-mode fibers,
10. infrared light.

3. 1. as you walk past them and look at them from different angles 2.transmission
holograms, 3. CDs and DVDs are the primary data storage methods, 4. today’s
storage needs, 5. to increase the output, 6. Outer optical material.

Unit 9. Geoinformatics

Lead in

3.1 -b,2 -3 -h,4 —a,5 —-g,6 —e,7 —¢c,8 —d.

Reading

2. 1 — vector model, 2 — points, 3 — attributive information, 4 — lines, 5 — spatial

information, 6 — raster model, 7 — polygons, 8 — volume, 9 — real world.

3.1 —e,2 —¢,3 —h,4 —3,5 -d,6 -b,7 -k,8 -1,9 —g, 10 —f, 11 —a.
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4 Z-AQU=TO-HOD<O

6. Vector: 1,3, 5,8, 10. Raster:2,4,6,7,9.

Language Focus

2. First, the data are captured. Secondly, the map base is registered. Then the data is
interpreted. The data is converted into digital format. Then the data is stored in the

computer. After that the data is processed. Finally, the results are displayed.
Listening

1. 1960’s — computer mapping applications appeared, 1900°s — capabilities to split maps
into layers appeared, 1854 — cholera outbreak in London, 1994 — the Open Geospatial
Consortium was established, 426 — the number of organisations involved in the open

geospatial services.

2. 1) to be split, 2) called, 3) could be referred to, 4) has been, run, 5) has been, viewing.

3.1) 1854, 2) John Snow, 3) the wells and the places of cholera cases, 4) the contaminated

well was stopped.
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Language Focus

1. 1. from, 2. to, 3. Both, 4. alike, 5. closer, 6. better, 7. the most, 8. similar, 9. not,
10. than that.

2. 1. In contrast to, 2. so does, 3. neither, 4. while, 5. so does, 6. and infrastructure does
too, 7. on the contrary, 8. On the other hand.

Comprehension Check

2.1 -B,2 -D,3 -E, 4 -A,5 -C.
3.D,A,C, B, E.

5.1:1,2,3.2:2,3,4.3:2,3.4:5.5:4,1. 6: 5. 7: 3. 8: A, horizon. 9: B. 10: directly
overhead (the vision is not blocked).

Listening 2

1. 1. The GPS receiver needs four satellites to determine its own location.
2. By using a mathematical principle called trilateration.
3. Use of three-dimensional spheres.
4. They analyse high radio frequency low-powered radio signals from the GPS
satellites and calculate the time signals travel.
5. No. They have a very accurate atomic clock.
6. Extra satellites are used (there are 29 satellites when only four are needed).
7. Your GPS device will let you know that it doesn’t have enough satellites to calculate

an accurate position.

Speaking

1. 1. I’d like to know why four satellite need to be visible.
2. Could I ask you how GPS locates itself?
3. Could you tell me what trilateration is?
4. Could you tell me how GPS receivers know how far they are from the satellite?
5. I’d like to know if satellites have stop watches.
6. Could you tell me what happens if a satellite malfunctions.
7. Could I ask you what would happen if GPS was only receiving a signal from one
or two satellites?
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Unit 10. Satellite Navigation Systems: GPS

Vocabulary

1. 1. tracking, 2. eccentricity, 3. sidereal hour, 4. coverage, 5. inclination, 6. sine wave,
7. Doppler shift (frequency), 8. constellation, 9. semimajor axis.

Reading
1. 1¢c), 2b), 3a), 4c), 5b), 6a), 7¢c).

Comprehension Check
1.

to access
continuous
to fulfill
visible
elevation
to upload
error
integrity
accuracy

A N A o

carrier wavelengths
navigation message
built-in software
weather conditions
atomic clocks

a reference system
worldwide coverage
the digital codes

. tracking stations
10.the signal interference

00N LR

4. 1. The purpose of GPS (paragraphs 1, 2).
2. Overview of GPS (paragraphs 3, 4).
3. GPS segments (paragraph 5).
4. GPS: the basic concept (paragraph 6).
5. Important GPS applications (paragraph 7).
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Language Focus

1.6-10-4-8-1-5-3-9-13-11-2-7-12.

2. 1) of, 2) as, 3) while, 4) because, 5) itself, 6) In other words, 7) which, 8) The, 9) with,
10) than, 11) 1s, 12) a, 13) other, 14) its, 15) for, 16) at, 17) such as.

4. 1A, 2C, 3C, 4B, 5D, 6B, 7B, 8A, 9C, 10D, 11A.

5. 1)required, 2) measuring, 3) synchronized, 4) generates, 5) be picked up, 6) transmitted,
7) by, 8) gives, 9) is, 10) with, 11) synchronization, 12) to, 13) determined, 14) on,
15) due to.

7.1-D,2-H,3-A,4-F,5-C,6-K,7-1,8—-E,9-1J, 10 -G, B — extra.

Unit 11. Satellite Navigation Systems: GPS or GLONASS?

Lead in

3. 1) satellite navigation systems 2) positioning 3) satellites 4) coverage 5) term
6) Doppler

Reading

1. All issues are discussed except for two points— difference between two systems and
advantages of GLONASS over GPS.

Comprehension Check

[y
L]
[

consist of
altitude
approximately
simultaneously
arrange
distinguish
improve
complementary

N I N N I S

. comply
10.offset
11.opposite
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2.1-d,2-3,3—-g,4-a,5-b,6—-1,7—¢,8—¢,9—h, 10 1.
3.1-F2-T,3-T,4-T,5-F,6-F, 7-T.

Language Focus

2.1)permitted 2)enhanced 3)better 4)in 5)centered 6)areallowed 7) with 8) waslaunched
9) have 10)-year 11)be 12) modernized 13) both 14) by 15) has had 16) has been
matched

3.1-D;2-F;3—-G;4—-A;5—E; 6 —B; C, H— extra.

4. 1. operational
suitable
applications
information
reliability
accuracy
contribution

Nk

Unit 12. Nanotechnology

Lead in

1. 1) computing, 2) medicine, 3) science, 4) communication, 5) space exploration.

2. 1) high quality of production, 2) is able to detect disease, 3) generate renewable
energy, 4) high rate data transfer.

Comprehension Check
3.1-d,2-c¢,3—-a,4—-¢,5-D.
Language Focus

1. b) 1. essential, 2. appliance, 3. trial, 4. very small, 5. sense, 6. impact, 7. disease.

2. a) 1. nanotechnology, 2. cells, 3. treatment, 4. materials, 5. apply, 6. complex,
7. organs, 8. team, 9. basic, 10. field.
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