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NEPEAMOBA

[TpakTukyM 3 aHrniiicekoi MoBH 3a upodeciiiHum cnpAMyBaHHAM
“Fundamentals of Helicopter Design” npusHaueHuii i1 3a00yBauis
BHILOT OCBiTH crieuiaabHOcTi 134 «JliTakH i BepTOALOTHY.

[TpakTukyM 3HaflOMHTH CTYAEHTIB 3 KOHCTPYKLi€l0, CUCTEMaMu Ta
o0NaiHaHHAM BEPTONBOTIB, TEXHIYHUMHU XAPAKTEPHCTHUKAMHM CY4YacHHUX
rejlikonTepis.

Meta npakTHKyMy — HaBYMTH Maii0yTHiX iHxeHepiB OCHOBaM
npodecifiHoro cHiKyBaHHsA aHIMiACHKOK MOBO, PO3BMHYTH CTiHKi
HaBMMKM YMTaHHA, Mepekiany, aHOTYBaHHA, pedepyBaHHA cneuiajlbHOT
TexHiuHOl NiTepaTypu s OTPUMaHHA W BMKOPHUCTaHHsA iudopmarlii,
HeoOxigHol B 1x MaltOyTHIM NpakTUYHIHA AiIATBHOCTI.

Hpaktukym cknagaetses 3 4-x posaini. KoxHHE po3ain MicTuTh
6a30Bi TEKCTH, nepeuTeKCToBI JIBOMOBHI aHTJIO-YKpaiHChKi
TepMiHONOTuHi Bokabynapu, KOMIIEKCH BIIPAB Ha 3aKpPilUIeHHs OCHOBHOT
JIEKCHKH Ta HaBYalibHUH Matepian uia obrosopeHHs. JlonaTkori TekcTy 3
¢daxy nepenbadeHi Ak A8 ayIMTOpHOTO, TaK i s caMmocTiilHoro
OTIpalllOBAHHA.

[TponoHyOTbCA pi3ti BUAMW KOMYHIKaTUBHUX JICKCHKO-IPAMaTHYHHX
BOpaB, AKi PO3MIIUEHO B JIOTIUHil MOCAiAOBHOCTI 3 HApOLlyBaHHAM
CKJIAIHOCTI AJiA 3abe3neyeHHA ePEeKTHBHOrO 3aCBOEHHSA Ta NPAKTHYHOIO
BOJIOZIiIHHA NEKCHKOIO 3 TEMHU.

JhKepenoM HaBuanbLHOrO Martepiaqy NPakTHKYMY € aBTEHTHYHI
OpHMriHa/IbHI HeaNanToBaHi TEKCTH CyYaCHUX aBiauifiHMX NepioAHYHUX
BUJaHb.
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Unit |

INTRODUCTION TO THE HELICOPTER DESIGN

Exercise 1. Memorize the basic vocabulary to text 1.

rotor pOTOP; Hecy4uid FBUHT (cenikonmepd)

main/lifting rotor Hecy4uil rBUHT (cenikonmepa)

rotorcraft/rotary niTanbHWH anapat 3 HECYYMM MBHHTOM;
wing aircraft reuHTOKpuUnKiA JIA

lift nigHiManbpHa cuya

derive OTPUMYBATH (8i0 Y020Cs);, BUTAIY BaTH

surface NOBEPXHA

hover 3aBHCATH, BUCITH B MOBIiTpi

reaction torque

peakTHBHUII MOMEHT

spin

1. obGepranHs;
2. obeprarucs

torque 00EpTOBHIA MOMEHT

coaxial-rotor BEPTOJIT CHIBBICHO! CXeMU
helicopter

axis BiCh

cancel CKacoBYBAaTH, aHyJIbOBYBAaTH

incline HaxuisaTh(ca)

blade 1. nonath; 2 nonarka

compressibility CTUCHEHHICTD

stall 3pHB (nomoxy); 3samtoBaHHA (2enikonmepa)

payload KOpMCHE/KOMepliiHe HaBaHTAXKESHHA

airframe NAaHep/Kopnyc JTATBHOro anapara

transmission TpaHcMicis, nepefava

transmit nepenasaTh

antitorque npoTUODEPTOBUA MOMEHT

skid KOCTYP

float MOMIaBOK

damper JeMiIdep; aMOPTH3ATOp, FACHTEb

touchdown npusemienns (JIA), notuk (3emni)

absorb NOrMWHATH, AMOPTU3YBaTH

bend I. BUTHH; 2. 3rHHATH




arm BaXib, naeue (saoicens)
replaceable 3aMIHHUR

heavy-duty TOTY XHMM

skid shoe Oalmak Koctypa

wear 3HOC; 3HOLYBaHHs
tricycle TproxonopHe (waci)
swivel 1. nosepraTu (c1);

2. NOBOPOTHHMIA, WAPHIPHUIA; KNIt obepTaeTbea
rotor blade JIONaTb HECYYOro rBUHTA
propulsion pyluidiga cuna
gearbox 1. penykrop;

2. kopoOka nepenay

Exercise 2. Read and translate text 1.
Text 1. HELICOPTER DESIGN

Any helicopter is a type of aircraft, so called rotorcraft or rotary wing
aircraft in which lift is obtained by means of one or more power-driven
horizontal propellers called rotors. The principal difference between an
airplane and a helicopter is how each aircraft develops lift. The airplane
source of lift is derived from the wing which is a fixed surface, while the
helicopter derives lift from a rotating surface called the rotor. Aircraft are
classified as either' fixed-wing or rotating-wing. Lift generation by a
rotating wing enables the helicopter to accomplish its unique mission of
hovering.

Helicopters are one of the most maneuverable types of aircraft, and
while hovering, the helicopter can be moved in every possible direction or
combination of directions. When the rotor of a helicopter turns it produces
reaction torque which tends to make the craft spin also. On most
helicopters a small rotor near the tail compensates for this torque.
According to the number of rotors helicopters are divided into single-
rotor, twin-rotor, multirotor and coaxial-rotor helicopters. A coaxial-rotor
helicopter has one rotor mounted above the other on the same axis.

On twin-rotor craft the rotors spin in opposite directions, so their
reactions cancel each other. The helicopter is propelled in a given
direction by inclining the axis of the main rotor in that direction.




The helicopter speed is limited by the fact that if the blades rotate too
fast they will produce compressibility effects on the blade moving forward
and stall effects on the rearward moving blade at the same time.

The simplest helicopter consists essentially of 5 constructional parts.
These parts include a fuselage, where the payload and crew are carried; an
airframe, which houses various components, or where the components are
attached; a power plant or engine; a rotor and a transmission, which,
among other things, takes the power from the engine and transmits it to
the main rotor, it is a lifting surface, which provides the aerodynamic
forces that make’ the helicopter fly. Then, to keep the helicopter from
turning due to torque, there must be some type of antitorque system. There
is the landing gear, which could be skids, wheels, skis, or floats.

The most common landing gear is a skid type gear, which is suitable
for landing on various types of surfaces. Some types of skid gear are
equipped with dampers so touchdown shocks are not transmitted to the
main rotor system. Other types absorb the shocks by the bending of the
skid attachment arms. Landing skids may be fitted with replaceable
heavy-duty skid shoes to protect them from excessive wear.

Helicopters can also be equipped with floats for water operations, or
skis for landing on snow or soft terrain. Wheels are another type of
landing gear. They may be in a tricycle or four-point configuration.
Normally, the nose or tail gear is free to swivel as the helicopter is taxied
on the ground.

Notes:
'either ... or ...—a6o ..., a6o ...
“make ... do ... — 3MyiLyBaTH POOUTH (LIOCH)

Exercise 3. Give Ukrainian equivalents.

Lift, propeller, transmission, hovering, blade, payload, damper.
airframe, crew, compressibility, rotorcraft, skis, float, wheel, skid, main
rotor, rotating surface, reaction torque, single-rotor, opposite direction, tail
rotor, fixed surface, horizontal propeller, lifting surface, constructional
part, acrodynamic force, rotary wing aircraft, twin-rotor craft, rearward
moving blade, coaxial-rotor helicopter.



Exercise 4. Translate the following word combinations with the terms:
gearbox, rotor, blade, transmission, gear.

a) helicopter gearbox, propeller gearbox, main rotor gearbox, rear
gearbox, tail gearbox, intermediate gearbox;

b) helicopter rotor, tail rotor, upper rotor, front rotor, lifting rotor, front
main rotor, rear main rotor, jet-driven rotor, lower coaxial rotor, power-
driven rotor, upper coaxial rotor, high-speed rotor, twin-bladed rotor,
three-bladed rotor, dual main rotors;

c) rotor blade, helicopter blade, propeller blade, airscrew blade,
all-metal blade, main rotor blade, tail rotor blade;

d) rotor transmission, pressure transmission, power transmission,
command transmission, digital transmission, sound transmission;

e) float gear, ski gear, skid gear, wheel gear.

Exercise 5. Read and translate the following “noun + noun”
collocations.

Turboprop helicopter, turboshaft helicopter, winged helicopter,
multirotor helicopter, coaxial-rotor helicopter, multi-engine helicopter,
dual-rotor helicopter, four-rotor helicopter, rocket-boost helicopter,
rocket-powered helicopter, shaft-driven helicopter, tail-rotor helicopter,
turbine-engine helicopter, twin-engine helicopter, twin-rotor helicopter,
single-engine helicopter, single main rotor helicopter, four-blade rotor
helicopter.

Exercise 6. Derive nouns from the following verbs. Translate the pairs.

Operate, rotate, transmit, propel, differ, develop, construct, classify,
generate, accomplish, produce, combine, direct, compensate, react, limit,
attach, provide, land, equip, protect, compress, employ, arrange, add,
move, control, compensate, create, locate, couple, carry, absorb, divide,
lift, replace.

Exercise 7. Define by suffixes and endings the parts of speech noun,
adjective, adverb, verbal form the following words belong to, translate them.

Designed, principal, hovering, transmission, operational,
maneuverable, fixed, controllability, dependence, capability, difference,
movable, activity, manufacture, used, productivity, action, instruction,
considerable, performance, direction, manually, acting, storage,



mechanical, designer, compressibility, aerodynamically, essentially,
produced, structure, indicator, normally, stabilizer, horizontal,
constructive, equipment, referring, structural, combination, stabilizing,
vertical, mobility, widely, installation, combined, usually, movement,
absorber, constructing, propulsion, stability, equaily, absorber, equipped,
reliability, technicaily, attachment, replaceable, depending, operation.

Exercise 8. Translate the following verb-object combinations.

To develop lift, to accomplish unique mission of hovering, to produce
reaction torque, to make the craft spin, to incline the axis of the main
rotor, to produce compressibility effect, to consist of constructional parts,
to include a cabin, to house various components, to take the power from
the engine, to transmit the power to the main rotor, to provide the
aerodynamic forces, to make the helicopter fly, to keep the helicopter
from turning due to torque.

Exercise 9. Translate with the help of a dictionary and memorize the
terms referring to the main structural units of helicopter desing.

Fuselage: nose part, cockpit/pilot’s cabin, canopy, windscreen,
passenger cabin, cargo compartment, tail boom/beam.

Retor: blade, blade tip, blade spar, trimmer, main rotor hub, hinge,
rotor-blade hinge, flapping hinge, drag hinge, compensation tank, deicing
system, swashplate/wobble plate.

Transmission: gearbox/reductor, main gearbox, intermediate gearbox,
tail gearbox, shaft.

Undercarriage: nose gear, left/port gear, right/starboard gear, shock
absorber, wheel, tyre, tube, braking chock, bearing, strut / brace, forward
strut / brace, drag strut/ brace, tail bumper.

Power plant: engine (turboprop, turbojet, turboshaft), auxiliary power
unit (APU), oil cooler, oil filter, fuel filter, oil tank, oil pump, fuel pump.
dust-protection device, engine mount, propulsion.



Exercise 10. Match the following terms with corresponding definitions.

a) A type of aircraft with large metal

1. Propulsion blades on top which turn around very
quickly to make it fly -
2. Gearbox b) An assembly of horizontally rotating

blades of a helicopter propelier

¢) A drive or a gear which transmits power

. Shaft from the engine to the rear axle of a motor

vehicle

d) A flat wide part of an object that pushes

against air or water

5. Drag e) A landing gear of an aircraft or a
) helicopter

f) A source of power where electric power

wo

4. Stabilizer

6. Torque is also generated for distribution
g) The pressure of air that keeps
7. Helicopter something such as an aircraft up in the air
or lift it higher
8. Power plant h) A twisting force causing rotation

i) The force of air that pushes against

9. Undercarriage . . . .
£ aircraft or a vehicle that is moving forward

j) A device to keep an aircraft or helicopter
10. Blade - . .

steady, free from rolling or pitching
11. Transmission k) A system of gears in a vehicle

1) A bar or rod joining parts of a machine,
or transmitting power
13. Lift m) A propelling force by means of engines

12. Rotor

Exercise 11. Give definitions of the following terms.
Helicopter, rotor, transmission, blade, power plant, undercarriage,
torque, lift, stabilizer, shaft, propulsion, gearbox, drag.

Exercise 12. Work with a pariner. Ask and answer the questions.

1. What is the principal difference between an airplane and a
helicopter? 2. What are aircraft classified as? 3. How does the helicopter
accomplish its unique mission of hovering? 4. What constructional parts
does the simplest helicopter consist of? 5. What does the helicopter
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produce when its rotor turns? 6. Where does the helicopter derive lift
from? 7. What system must there be to keep the helicopter from turning
due to torque? 8. What is the most common helicopter landing gear type?
9. What can helicopters be equipped with for water operations? 10. What
makes helicopter spin?

Exercise 13. Compose a summary of text 1.

Exercise 14. Memorize the basic vocabulary to text 2.

rivet 1. 3akenxa; 2. knenaru
suspend 1. BitnaTH; 2. NpU3yNUHATH;
3. BUKJTFOYATH

tray niAn0H
deck nany6a; HacTui;, non (v 2eaikonmepi)
canopy nmixtap (xabinu ninomis)
weld 1. 3BaploBaHH; 2. 3BapiOBaTH
tubing cHCTeMa Tpy6onpoBoaiB
odd HenapHuii v - B
pipeline laying yxnagaHHg Tpy6onposoay
patrolling NaTpyJIIOBaHHSA
aerial aepodoTosfioMka

photography
oil industry HadTOBa MPOMHUCIIOBICTh
timber industry JliCHa NPOMHUC/IOBICTb
allow JI03BOJIATH, BUPILIYBAaTH
honeycomh CTiNbHUKOBHU I 3a10BHIOBAY
confine obmexyBaTH

Exercise 15. Read, translate, entitle and give the gist of text 2
Text 2

In modern helicopters nearly the whole airframe is riveted from light
aluminum alloy sheet. In some helicopters thin stainless steel is employed
to form a box under the power plant, steel tubes suspend the aircraft from
the main rotor and honeycomb is used in the central fin.
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In the helicopter the basic structure is completed by the addition of
light bulkheads, a metal floor and the fire resistant sheet-steel tray on
which the engine is mounted. Flight controls pass along the starboard side.
The electricity passes down the port side. Power is provided by a turbine
unit mounted completely externally on the deck at the rear of the forward
fuselage. The canopy structure is welded from aluminum tubing.

To carry heavy loads the number of rotors in a helicopter is increased.
If a helicopter has 2 or 4 rotors they can rotate in pairs in opposite
directions. If there are 3 rotors, arrangements are made to balance the
torque of the odd rotor.

An advantage to the helicopter is its ability to take off and land on a
confined area. Helicopters are used in a variety of commercial operations
such as corporate transport, pipeline laying and patrolling, news and
traffic reporting, aerial photography, sightseeing tours in addition,
helicopters play an important role in the oil, timber, and agriculture
industries.

Exercise 16. Put 7 key questions on the text.

Exercise 17. Memorize the words and word-combinations in order to
translate the sentences in exercisel$8.

propulsive force

pyluijiHa cuna

stages of flight €TaNH NoJLOTY

drive 1. npuBia; 2. IPUBOAUTH B 1il0
| angle KyT

blade angle KYT YCTaHOBKM JIONATIB

swashplate/wabble | aBromar nepekocy

plate
shift 1. 3MillieHHS; 2. 3JIBUTaTH
hinged joint apHipHe 3’ €AHaHHA

semirigid coupling

HaTLBXOPCTKE 3’€AHAHH

constant frequency

noCTifiHa Yacrota

power

MOTYXHICTh

rotor pitch

KPOK HCCYHOro rBHHTA

axial hinge

OCbOBHH LIapHIp

intermediate
gearbox of rotor
column

TIPOMDKHUH peyKTOp KOJIOHKH HECYHOro
TBHHTA




oppeosite action to NpoTHAIs% peaKTUBHOMY MOMEHTY
reaction torque

directional control KepYBaHHsl 32 KYpCoM

tail rotor/ anti- PYNbOBHI FBUHT
torque rotor
coaxial lay-out of cniBicHa cXxeMa HECYYHX IBHHTIB
main rotors
| flight mode peXUM NONBLOTY

Exercise 18. Translate these sentences into English.

1. Cenikonrep — ¢ FBUHTOKPWIMHA NiTAIbHAI anapaT BEPTUKAILHOIO
371bOTY i MOCAMKH, Y AKOro MiiiioMHa i pyililiHa CUTH Ha BCiX eTamax
MOJIBOTY CTBOPIOIOTBCA OAHMM a00 NeKinbKOMa HECY1HMYH FBUHTAMH
3 [IPHBOOM BiJl 0IHOTO 360 AEeKiIbKOX ABHUIYHIB.

2. Tozi6no mo xpuiia JiTaka, JoMaTi HECy4oro rBUHTa rejikonrepa
3HaXOAATbLCA Mijl KyTOM JI0 TUIOIIMHY 00epTanHA rBuNTa, AKAH
Ha3MBacTHCA KYTOM YCTaHOBKH jlonaTeit. Ha BiaMiHy Big
HEPYXOMOTO JIITaKOBOI'0 KpyJ1a, KyT Y CTAHOBKH JloTaTeil BEpTOIbOTA
MO3KE 3MiHIOBaTHCA B IIMPOKUX Mexax (g0 30°).

3. Hecyuuii rBUHT BEPTOJIBOTA OCHAILEHHH aBTOMATOM Mepexocy, AKWi
ANs YOPaBiiHHA M0J1b0TOM 3a0e3reyye 3MilllCHHs LEHTPY THCKY
IBUHTA Y BUIQJKY ILIAPHIPHOro 3’ €IHaHHA onareil abo x Haxuise
N0WMHY 00epTaHHA rBUHTA Y BUNAAKY HAMiBTBEPAOTO 3’ €AHAHHS,

4. ABTOMAT MepeKoCy KOPCTKO 3’ €AHYETBCA 3 OCHOBHM LIAPHIpOM 1UIA
3MiHM KyTa aTaku jionateii. ¥ cxeMax 3 TpboMa i 6iblue HeCyuuMH
rBHHTAMH aBTOMAT MEPEKOCY Moxe OYTH BiICYTHIM.

5. JlomaTi BepTOJibOTA B YCIX pexMUMax 10160Ty 00epTaloTheA 3
MOCTIAHOIO YacTOTOM, 36iNb1ueHHs 260 3MEHIEHHS NOTYKHOCTI
HECYHOr0 'BUHTA 3JICKUTD Bijl KPOKY 'BUHTA.

6. ObGepraHHsA rBHHTA 33a3BH4al nepelacThCA BiJ 0OHOTO abo ABOX
IBHIYHIB Yepe3 TPaHCMicito i MPOMDKHHIA peyKTOp KOJIOHKH
Hecyuoro reunTa. [Ipy oMy BUHHKAE pCaKTUBHUHA MOMEHT, AKHI
[parHe 3aKpyTUTH BEPTONIT B CTOPOHY, IPOTHIEKHY Bijl 0OepTaHHs
HECYYOro rBUHTA.

7. Jins npoTuaii peakTUBHOMY MOMEHTY, @ TaKoX U1 KepyBaHHA 33
KypPCcOM, BUKOPHUCTORYEThCA abo KepMOBHit FBUHT, abo criBBicHa
CX€Ma HECY4HX FBHHTIB, 1110 06epTaloThesl B Pi3HUX HanpsaMKax.
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Exercise 19. Mutch the synonyms in the left and right columns.

1) coupling a) brace

2) main rotor b) central body

3) tail rotor c) wobbled plate
4) gearbox d) no-run take-off
5) cockpit ¢) manufacture

6) rotorcraft f) rotary wing aircraft
7) production g) pilot’s cabin

8) vertical take-off h) reductor

9) swashplate i) antitorque rotor
10) fuselage }) lifting rotor
11) strut k) non-retractable
12) fixed 1) clutch
13) beam m) boom

Exercise 20. Read, translate and memorize Aviacopter AC-313
performance terminology.

Modification AC313

Main rotor diameter, m 18.90

Tail rotor diameter, m 4.00

Length, m 23.0

Height, m 6.74

Width, m 4.60

Weight, kg:

- empty 6750
- maximum takeoff 13000

Engine type 3 GTE Pratt & Whitney Canada
PT6B-67A

Power, h.p. 3x1220

Maximum speed, km/h 250

Cruising speed, km/h 220

Practical range, km 1771050

Practical ceiling, m 4500

Static ceiling, m 3400

Crew, people 2-3

Payload: 18-27 passengers or 15 injured
stretchers or 6.000 kg of cargo in the
cab or on the suspension

13



Exercise 21. Find information on performance data of other
helicopters and prepare a brief presentation.

Exercise 22. Choose nouns among the following words. Put their firsi
letters into the cells below in the same order. Read and translate the word
obtained.

. 1 ¢ 1 [ [ T [ |

Move, height, hover, equipment, long, empty, landing, ensure, main,
indicator, provide, low, crew, create, vertical, organization, modern,
protect, payload, static, fixed, torque, opposite, operate, engine, differ,

rotor, rotate,

Exercise 23. Memorize the basic vocabulary 1o text 3.

hub BlYyJKa

collective pitch cHinbHa BIACTaHDb (Hecyuoco ceunma
zenikonmepa)

cyclic pitch LUKJTIYHUH KPOK

circuit JaHWOT (enexkmpuyni)

feathering hinge FOPH3OHTANbHUI WapHIp (ronami
Hecyyez2o 2gunma zenikonmepa)

planned trajectory 3aljaHa TPacKTopid

layout KOMTIOHOBKA

support 1. onopa; 2. MiATPUMYBATH

coupling 1. 3’€AHaHH3A, 3B’ A30K

2. mityuep, po3’eM; MydTa

brake rajibMo

rotor brake rajJIbMO HEeCyHoro rBHHTa

frame Kapkac; pama

engine attachment TOYKa KpIIUIEHHs ABUTYHa

point

relieve TIONETIUYBAaTH HABAHTAXKEHHS,;
3BiJIbHIOBATH

landing gear well Hila iyaci

lateral layout reJikonTep nonepeyHol cxeMu

helicopter
controllability 30aTHICTH 10 KepyBaHHs, KEPOBaHICTh
eliminate yCyBaTH

14




Exercise 24. Reuad and translate text 3.
Text 3. MAIN UNITS OF THE HELICOPTER

The main rotor is designed to create lift and propulsion, as well as to
contro) the flight. It consists of blades and a hub that transmits torque
from the shaft of the main gearbox to the blades.

The tail rotor serves to compensate the reaction torque of the main
rotor and the directional control of a single-rotor helicopter. It contains
blades and a hub attached to the tail gearbox.

The swashplate provides control of the collective and cyclic pitches of
the main rotor by transmitting a control signal from the control circuit to
the feathering hinge of the main rotor hub.

The control system is designed to create forces and moments
necessary for the helicopter to fly along a planned trajectory.

The transmission is designed to transfer power from the engines to
the main and tail rotors and auxiliary units. The transmission scheme is
determined by the helicopter layout, the number and location of the
engines. The transmission consists of the primary, intermediate and tail
gearboxes, shafts and their supports, couplings, rotor brakes.

The fuselage is used to accommodate the crew, passengers, cargo,
equipment, fuel, etc. The landing gear, gearbox frames, engine attachment
points, empennage, etc. are attached to the fuselage.

The wing creates additional lift by relieving the main rotor, that allows
to increase flight speed. The wing can accommodate fuel tanks,
equipment, landing gear wells. In the lateral layout helicopters the wing
supports the main rotors.

The empennage is designed to ensure the stability and controilability
of the helicopter. It is divided into horizontal and vertical stabilizers.

The power plant is used to create power for driving the main and tail
rotors and auxiliary units. It is a complex of engines (piston, gas turbine or
electric engines) with systems that ensure their stable operation at all
flight modes.

Exercise 25. Paraphrase the sentences according to the model and
translate them.
Model: | The main rotor creates lift and propulsion.
The main rotor serves for creating lift and propulsion.
The main rotor is used to create lift and propulsion.
The function of the main rotor is to create lift and
propulsion.
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1. The tail rotor compensates the reaction torque of the main rotor and
the directional control of a single-rotor helicopter. 2. The swashplate
provides control of the collective and cyclic pitches of the main rotor by
transmitting a control signal from the control circuit to the feathering
hinge of the main rotor hub. 3. The transmission transfers power from the
engines to the main and tail rotors and auxiliary units. 4. The fuselage
accommodates the crew, passengers, cargo, equipment, fuel, etc. 5. The
wing creates additional lift by relieving the main rotor. 6. The wing
accommodates fuel tanks, equipment, landing gear wells. 7. In the lateral
layout helicopters the wing supports the main rotors. 8. The empennage
ensures the stability and controllability of the helicopter. 9. The power
plant creates power for driving the main and tail rotors and auxiliary units,
10. The new developed tools eliminate the factors causing nearly half of
all serious helicopter crashes. 11. The lifting surface provides the
aerodynamic forces to make the helicopter fly.

Exercise 26. Work with a partner. Ask and answer the questions.

1. What is the main rotor used for? 2. What is the function of the tail
rotor? 3. What does the transmission serve for? 4. What is the function of
the fuselage? 5. What does the wing serve for? 6.What is the function of
the empennage? 7. What is the power plant used for? 8. What does the
swashplate serve for? 9. What is the function of rotor fast-turning metal
blades? 10. What is the function of the antitorque system?

Exercise 27. Translate the following sentences and put questions on
the italicized words.

1. The present-day helicopters have flight endurance up to 4-5 hours.
2. The display processor being the heart of the helicopter equipment
controls the management of avionics, the fire control system, navigation
and communication functions. 3. Rotorcrafi are made to fly by fast-
rotating rotors. 4. The Mi-38 helicopter carries up to 30 passengers.
5. The main advantages of helicopters are the ability to take off and land
vertically, to fly backwards, to transport very bulky cargo on external
sling, to perform installation work. 6. The main disadvantages in all
rotorcraft are lower maximum flight speed, increased specific fuel
consumption and complexity of control. 1. Each blade moves up and down
independently of the others. 8. The rotor system consists of a single main
rotor or dual rotors. 9. The developers of helicopters provide modification
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of the “Flying Hospital” helicopter with various types of medical and
rescue equipment. 10. The new developed tools eliminate the factors
causing nearly half of all serious helicopter crashes. 11. Nikolai Kamov's
group of designers have developed multipurpose helicopters which have
proved their main advantages: great maneuverability, small size, high
payload and great effectiveness.

Exercise 28. Complete the sentences.

1. The present-day helicopters have flight endurance ... 2. The main
advantages of helicopters are ... 3. The transmission is designed to ...
4. The main disadvantages of all rotorcraft are ... 5. The rotor system
consists of ... 6. The swashplate provides control of ... 7. The main rotor is
designed to ... 8. The tail rotor serves for ... 9. The simplest helicopter
consists essentially of ... 10. The most common helicopter landing gear is ...

Exercise 29. Act as an interpreter.

1. UaM Biapi3HAETHCA 1. The principal difference between an
IBUHTOKPHIIUIA NiTans- airplane and a helicopter is how each
HMIi anapar sija Jlitaka? aircraft develops lift.

2. SIki OCHOBHi 2. The primary components of the heli-
KOHCTPYKTHBHI YaCTHHH copter are the airframe (the fuselage,
rejikonrepa? the tail boom, the stabilizer and the

undercarriage)and the power plant.
3. Slxa TpuBamictb nosboTy | 3. The present-day helicopters have

|y renikonTepiB? _flight endurance up to 4-5 hours.
4. Slka ix MakcumanbHa 4. The maximum speed of the
LIBHIKICTE? helicopter is 250 km/h.
5. Jlna 4oro BUKOpPHUC- 5. The swashplate provides control of
TOBYETLCA aBTOMAT the collective and cyclic pitches of
nepexocy? the main rotor by transmitting a

control signal from the control
circuit to the feathering hinge of the
main rotor hub.

6. Lilo Take TpancMicia? 6. The transmission is designed to
transfer power from the engines to
the main and tail rotors and auxiliary
units.
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7. Jlng 4oro cnyryoTsb
HECY4Hif Ta XBOCTOBMii
FBHHTU?

7. The main rotor is designed to create
lift and propulsion and to control the
flight.

The tail rotor serves to compensate the
reaction torque of the main rotor and
the directional control of a single-
rotor helicopter.

8. 3 yoro cxknagacTbCs
6510k Hecy4yoro rBuMHra?

8. The main rotor consists of blades
and a hub that transmits torque from
the shaft of the main gearbox to the
blades.

9. 3 yoro cknajaeTbca
6J10K XBOCTOBOI'O
rBUHTA?

9. The tail rotor contains blades and a
hub attached to the tail gearbox.

10. ki nepesaru
I'BUHTOBOTO JIITAIBHOTO
anapara?

10. The main advantages of helicopters
are the ahility to take off and land
vertically, to hover, to fly
backwards, to transport very bulky
cargo on external sling, to perform
installation work.

11. Axi Heponiku y
TBMHTOBOT'O JAITAJILHOTO
anapara?

11. The main disadvantages in all
rotorcraft are lower maximum flight
speed, low flight endurance,
increased specific fuel consumption
and complexity of control.

12. ki npobnemn
BHPILLYIOTH pO3po0-
HUKH IeJTiKONTepiB?

12. The problems of lessening the
vibration, simplification of the
controls, improving stability,
increasing safety and making
maintenance easier are being
discussed by the helicopter
developers.

13. ki po3pobneno
moxudikauii
reJlikonTepiB cNiBBiCHOT
cxeMu?

13. The coaxial rotor helicopters have
been produced in some versions:
rescue, research, ambulance and
ecological (monitoring the
environment).
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Exercise 30. Change the verbs from the Pussive to Active form after
the model. Mind the Tenses of the verbs (Simple Present, Present Perfect,
Simple Past, Present Continuous).

Model: 1. Advanced technologies for helicopter industry are
developed by researchers.

Researchers develop advanced technologies for
helicopter industry.

Researchers have developed advanced technologies
for helicopter industry this year.

Researchers developed advanced technologies for
helicopter industry last year.

Researchers are developing advanced technologies for
helicopter industry now.

2. Muttipurpose helicopters are developed.

The group of designers develop multipurpose
helicopters.

The group of designers have developed multipurposc
helicopters this year.

The group of designers developed muitipurpose
helicopters last year.

The group of designers are developing multipurpose
helicopters now

1. The coaxial rotor of KA-226 is produced in four versions: rescue,
research, ambulance and monitoring the environment. 2. The well known
“Super Puma” is served by a crew of three. 3. The synthetic vision system
(SVS) has been used by the representatives of helicopter manufacturers
“Boing”, “Sikorsky”, “Russion”. 4. The sand blaster system for
helicopters was developed to help pilots land in the brownout conditions.
5. The problems of the helicopter flight, namely the lessening of vibration,
simplification of the controls, improving stability, increasing safety and
performing maintenance easier are being discussed by developers of
present-day helicopters. 6. The rotor theory was developed by the Russian
scientists Yuriev and Sabinin in 1911. 7. The first two coaxial helicopters
were built by the designer Sikorsky in 1908-1910. 8. The pitch of the
main rotor blades is controlled by two separate controls: “collective” and
“cyclic”. 9. The rotor system is classified as fully articulated, semirigid
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and rigid. 10. Each rotor blade is attached to the rotor hub hy a horizontal
hinge. 11. The VIP version of some helicopters is equipped with video
sets, satellite, auxiliary power unit for external-ground power supply, air

conditioning.

Exercise 31. Memorize the basic vocabulary to text 4.

appearance 30BHILIHIM BUIIAN
counteract OPOTHAIATH
slot WisIKHA, Tpopi3
fail Bi/IMOBJ/IATH, BUXOJHUTH 3 laNy
feature 1. ocobnuBicTh;
2. noKa3yBaTH; OMUCYBaTH
solid-state TBEpAUH CTaH
rotor system CHCTEMa HeCYYUX IBUHTIB
twist 1. KpyTHTH; BEpPTiTH; BUKPUBJIATH;
2. kpyTKa (ionami, kpuna) o
piezoelectric 1. NbE30ENEKTPHK;
2. NbE3OCICKTPHYHHH
linkage 1. 3’eananH1, 3B’ A30K; 2. IpoBoaka (cucmemu
YHPAGAIHHSL)
failure BiIMOBa, BUXiA 3 a1y,
tilt 1. Haxmn; BiAXHUnEHHS;
2. IoBepTaTH, 3MIHIOBaTH KyT Haxu1y abo
YCTAHOBKH
tiltrotor KOHBEPTOILIaH
airborne 110 3HAXOAMTHCH B NOBITpi
tip HaxwisatH(cs)
aloft 1. 3Bepxy; Ha BHCOTI, 2. HAropy

Exercise 32. Read and translate text 4. Give your views on it.

Text 4. HELICOPTER INNOVATIONS

The modern helicopter, like any complex machine, is an accumulation
of innovations from numerous inventors and engineers. Some of these
modifications improve performance significantly without changing the
overall appearance of the aircraft.
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One significant advancement in the last decade has been the no-tail
rotor, or NOTAR, helicopter. As you now know, vertical-lift flight is
impossible without a tail rotor to counteract the torque produced by the
main rotor.

The much-smaller tail rotor makes a lot of noise and is often easily
damaged. The NOTAR helicopter solves both of these problems. A large
fan at the rear of the fusclage blows spent air from the main rotor down
the tail boom. Slots along the side of the tail boom and at the end of the
boorn allow this air to escape. This creates a sideways force that
counteracts the main rotor torque.

Some helicopters started receiving the second engine, which can
operate the main rotor if the main engine fails. For example, the UH-60
Black Hawk helicopter, the workhorse of the U.S. Army, features this
design improvement. Either engine can keep the aircraft aloft on its
own', enabling the pilot to land safely in the event of an emergency.

Scientists have made efforts to simplify the main rotor assembly which
is one of the most complex parts of a helicopter. In the late 1990s,
researchers developed a solid-state adaptive rotor system incorporating
piezoelectric sheets.

A piezoelectric material is one in which its molecules bend and twist in
response to an electric field. In a rotor assembly, piezoelectric sheets —
not mechanical linkages — twist sections of the blade root, thereby
changing the pitch of the blades as they rotate.

This eliminates parts in the rotor hub and decreases the chance of a
mechanical failure.

Finally, it’s worth mentioning those strange machines, known as
tiltrotors, that bring together the best features of helicopters and airplanes.
A tiltrotor aircraft takes off like a helicopter, with its two main rotors
upright’,

But when it’s airborne, the pilot can tip the rotors forward 90 degrees,
enabling the machine to fly like conventional turboprop airplane. The
V-22 Osprey, which completed a successful test flight in 1989, operates in
this fashion.

Notes:
‘on its own — caMocTifiHo, He3 IoNoMOrH;
*upright — CTOSTH BEPTHKAILHO, NPAMO.
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Exercise 33. Choose verbs among the following words. Put their first
letters into the cells below in the same order. Read and translate the word

obtained.

I

[ 1T [ ]

Fashion,

upright, prevent,
assembly, effort, transmit, airborne, forward, complete, complex, aloft,

machine, conventional, include,

safe, hover, emergency, chance.

Exercise 34. Speak on:

. Helicopter design features.

. Types of helicopters.

. Helicopter performance terminology.

1
2
3. Helicopter advantages and disadvantages.
4
5

. Helicopter innovations.

Unit li
HELICOPTER ENGINES
Exercise 1. Memorvize the basic vocabulary to text 1.

reciprocating engine MOPLUHEBUH OBUI'YH
piston NOPIUEHD
produce power BUPODIATH NOTYXKHICTh
rotate obepraTucs
crankshaft KOJIiHYaCTHH Ban
four-stroke engine JOTHPUTAKTHHH JBUIYH
undergo nifgasarucs
intake stroke yOyCKHMM Xifl, TaKT YIIYCKaHHs
mixture cyMim
combustion chamber | KaMepa 3ropaHus
cylinder head ronoBKa LuMiligpa
compression CTHUCKaHHs
spark plug 3anajnbHa cBivyka,CBiuKa 3anallloBaHHs
ignite 3anamogary (ca), 3aiiMarucs
power stroke pobouuii Xij
exhaust stroke BUITY CKHMH XiA , TAKT BUMYCKaHHS
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expell BHUUITOBXYBATU
exhaust valve BUXJIONHUI KJianaH
timing BiLTiK uacy
earbox Kopobka nepenay; pefayKkrop
assembly CKnalaHHs
atomize PO3NUIIOBATH
inject BITOPCKYBATH, HArHITaTH
output shaft BUBIAHWI Ban

Exercise 2. Read and translate text 1.
Text 1. TYPES OF HELICOPTER ENGINES

The two most common types of engines used in helicopters are the
reciprocating engine and the turbine engine. Reciprocating engines, also
called piston engines, are generally used in smaller helicopters. Most
training helicopters use reciprocating engines because they are relatively
simple and inexpensive to operate. Turbine engines are more powerful
and are used in a wide variety of helicopters. They produce a tremendous
amount of power for their size but are generally more expensive to
operate.

The reciprocating engine consists of a series of pistons connected to a
rotating crankshaft. As the pistons move up and down, the crankshaft
rotates. The reciprocating engine gets its name from the back-and-forth
movement of its internal parts. The four-stroke engine is the most
common type, and refers to the four different cycles the engine undergoes
to produce power.

When the piston moves away from the cylinder head on the intake
stroke, the intake valve opens and a mixture of fuel and air is drawn into
the combustion chamber. As the cylinder moves back towards the cylinder
head, the intake valve closes, and the fuel/air mixture is
compressed. When compression is nearly complete, the spark plugs fire
and the compressed mixture is ignited to begin the power stroke. The
rapidly expanding gases from the controlled burning of the fuel/air
mixturc drive the piston away from the cylinder head, thus providing
power to rotate the crankshaft. The piston then moves back toward the
cylinder hcad on the exhaust stroke where the burned gases are expelled
through the opened exhaust valve.
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When the engine is operated at a low speed, the four-stroke cycle takes
place several hundred times each minute. In a four-cylinder engine, each
cylinder operates on a different stroke. Continuous rotation of a crankshaft
is mamntained by the precise timing of the power strokes in each cylinder.

The gas turbine engine mounted on most helicopters is made up of a
compressor, combustion chamber, turbine, and gearbox assembly. The
compressor compresses the air, which is then fed into the combustion
chamber where atomized fuel is injected into it. The fuel/air mixture is
ignited and allowed to expand. This combustion gas is then forced through
a series of turbine wheels causing them to turn. These turbine wheels
provide power to both the engine compressor and the main rotor system
through an output shaft,

Exercise 3. Give Ukrainian equivalents.

Stroke, piston, valve, gearbox, shaft, power, size, crankshaft,
movement, cycle, mixture, fuel, oil, air, cylinder, compression,
combustion, gas, speed, rotation, timing, rotor, compressor, chamber,
turbine, assembly, wheel, intake, exhaust, operation, burning, engine,
difference.

Exercise 4. Translate the following “noun + noun” collocations.

Engine operation, helicopter engine, piston engine, gas turbine engine,
intake valve, cylinder head, power stroke, fuel air mixture, engine
compressor, spark plug, gearbox assembly, turbine wheel, rotor system,
intake stroke, exhaust stroke, combustion chamber, exhaust valve, exhaust
gases.

Exercise 5. Give corresponding nouns and translate the pairs.

To ignite, to produce, to connect, to rotate, to move, to maintain, to
assemble, to atomize, to inject, to burn, to compress, to expand, to extract,
to provide, to locate, to direct, to press, to transmit, to fuel, to change, to
heat, to collect, to operate, to mix, to vary, to differ.

Exercise 6. Use the following verb combinations in sentences of your
own.

To use in helicopters, to produce a tremendous amount of power, to
consist of a series of pistons, to move up and down, to produce power, to
move away from the cylinder head, to move back, to expand gases, to
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control burning of the fuel/air mixture, to drive the piston, to expel
through the opened exhaust valve, to operate at a low speed, to take place,
to operate on a different stroke, to mount on helicopters, to compress the
air, to atomize fuel.

Exercise 7. Put questions on the italicized words.

1. Reciprocating engines are generally used in smaller helicopters.
2. The reciprocating engine consists of a series of pistons connected to a
rotating crankshaft. 3. The four-stroke engine is the most common type,
and refers to the four different cycles the engine undergoes to produce
power. 4. When compression is nearly complete, the spark plugs fire and
the compressed mixture is ignited to begin the power stroke. 5. When the
engine is operated at a low speed, the four-stroke cycle takes place
several hundred times each minute. 6. Continuous rotation of a crankshaft
is maintained by the precise timing of the power strokes in each cylinder.
7. The compressor compresses the air. 8. The fuel/air mixture is ignited
and allowed to expand. 9. The turbine wheels provide power to both the
engine compressor and the main rotor system through an output shaft
(3 questions).

Exercise 8. Work with a partner. Ask and answer the questions.

1. What are the most common typcs of engincs used in helicopters?
2. What are reciprocating engines also called? 3. What helicopters are
piston engines generally used in? 4. Are turbine engines more powerful?
Why? 5. How do the pistons move? 6. What engines do training helicopter
use? Why? 7. The reciprocating engine consists of a series of pistons
connected to a rotating crankshaft, doesn’t it? 8. When does the crankshaft
rotate? 9. What is the four-stroke cycle? 10. How often does the four-
stroke cycle take place? 11. How do cylinders operate in a four-cylinder
engine? 12. What engine is mounted on most helicopters?
13. What does the gas turbine engine consist of? 14. What is the function
of the compressor? 15. Where is the fuel atomized and ignited? 16. What
provides power to both the engine compressor and the main rotor system
through an output shaft?

Exercise 9. Compose a summary of text 1.
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Exercise 10. Write out of the text words that can function both as
nouns and verbs. Give their wranslation. There are more than 20 such
words.

Exercise 11. Choose verbs among the following words. Put their first
letters into the cells below in the same order. Read and translate the word
obtained. I | l l 1 l }

Common, purpose, provide, engine, ignite, internal, turbine, serve, stroke,
movement, powerful, translate, mixture, compressor, operate, cylinder,
reciprocating, valve, new, normalize, name.

Exercise 12. Memorize the words and word-combinations in order to
do exercisel 3.

synchronize CHHXPOHI3yBaTH

forward speed NOCTYNAJIbHA WBHIKICTh

airflow obays

water-cooled engine ABHUIYH BOASHOIO OXOJOJXKEHHS
air-cooled engine ABHMIYH TIOBITPSAHOrO 0XOIOMKEHHS
forced airflow fan BEHTU/IATOp IPpUMYcoBoro ofayBy
level flight TOPU3OHTANBHUI TIOMIT

jerk PHBOK

rigid coupling KOPCTKE 3’ €IHAHHS

cam clutch KyJa4koBa MydTa

friction clutch dpukuitua MydTa

idling X010CTHii Xit, po6oTa Ha Xosi0CTOMY X041y
engine starting 3anycK HBMIyHa

shut down BHMHKATH

transmit nepenaBaTH

Exercise 13. Translate these sentences into English.

1. JABuryH reaikontepa cayrye aias o0epTaHH HECYHOro rBUHTA.

2. SAxuwo Ha renikonTepi € KifbKa HECYHUHMX 'BUHTIB, TO BOHU MOXYTh
NpUBOAMUTHCS B 06epTaHHA Bill OHOIrO 3arajlbHOro JABHIYHa, abo
KOXEH Bill OKPEMOro ABAryHa, aje TaKUM YHHOM, abu obepTanns
I'BUHTIB OYN10 CTPOTr0 CHHXPOHI30BaHE.
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3. Ipu3HayeHHs JBUryHa Ha rejlikonTepi Biapi3HAETbCA Bif
NpU3HAYEHHA ABUCYHA Ha JIITaKy, OCKiNbKH HECYUYHi FBUHT CTBOPIOE
AK TATY, TaK i NiZAOMHY cuiy.

4. TenikonTep MOXe JTAaTH 3 BiACYTHOCTI OCTY MabHOT LIBUAKOCTI,
TOOTO BUCITH HEPYXOMO Y MOBITPI.

5. Ilpu 3aBucaHHi reikonrepaBiacyTHi 06ayB i 0X0J01KEHHA
JBUTYHa, BOAAHOTO pajiiaTopa i MacaopaadaTopa, BHACTIOK YOro
MOXUIMBHIE MeperpiB ABUIYHA i BUXiN Horo 3 nany.

6. Ha renikonTepi qouifibHille 3aCTOCOBYBATH ABUTYH HE BOAAHOIO, a
NOBITPAHOIO OXONOMKEHHS.

7. JIBUTYH NOBITPAHOIO OXOJIOJPKEHH TIOBHHEH MaTH NPHUBIA ANA
BEHTUIATOPA PUMYCOBOro 00AyBY, AKuii 3a0e3neyye 0OXONOMKEHHA
JBHI'YHA Ha PEXKHMMi 3aBUCaHHA Ta NPH F'OPH3OHTANBHOMY NOJIbOTI

8. PerynioBaHHs TemmepaTypy JABHIYHA 1 Macjia MOXe 3/ifCHIOBAaTHCA
IJIAXOM 3MiHH BENWYMHHN BXiAHOro ab0 BUXiZHOTO OTBOPIB.

9. ABiauiiiHuil mopliHeBUi ABUIYH 3a3BKHYail Ma€ KinbkicTh 06epTiB —
2000 y xB.

10. Ha niTaky JBMIYH 3aBXKA¥ XOPCTKO 3’ €AHAHUH 3 TBHHTOM.

1. Miunuit, Majioro aiaMeTpa CyLUiUILHOMETAIEBHIl TBUHT JIETKO
BHTPHUMY€ PUBKH MiJ 4ac 3a1lyCKy MOPINHEBOr0 IBHTYHA.

12. 'BUHT renikonTepa, AKMit Mae BeJMKUii JiaMeTp, He po3paxoBaHui
Ha pi3Ki 3MiBHI HaBalITAXEHHA B IUIOLIMHI 06epTaHH; [IPH 3aILyCKY
Moe BiIOYyTHCA NOLIKOAXKEHH jonarei Bia MyCKOBUX PUBKIB.

13. Y MOMeHT 3anycky Hecyuuit rBUHT reaikonrepa Bia’€HaHKH Bif
JBMIYHA, TOMY JBHI'YH 3alyCKa€ThCs BXOJIOCTY, O€3 HaBaHTaXEeHHs.

14. Y xoHCTpYKLUiT ABUryHa € QpHKLiiiHA i KynaukoBa MyGdTH, AKi
niepel 3allyckoM ABUIYHA BUMKHEHI, Ipy LIboMY 00epTaHHA Bally
JBUrYHa Ha HECY4Mi [BUHT HE NEpPEIaEThCA.

15. Konu asurys Bxke 3anyLleHuid, iloro HeoOXiaHO 3’ €1HATH 3
HECY4HM TBHHTOM 3a J0NOMOroto $pHKLiHHOT My QTH.




Exercise 4. Memorize the basic vocabulary to text 2,

axial compressor

OChOBHH KOMIIPECOD

centrifugal BiZIIEHTPOBUI KOMITpecop
compressor

spindle WIHHAEAD

pressure stage CTYMiHb THCKY/CTHCHEHHA

impeller KpWib4aTKa, HarHiTad; poboue KoJieco
(xomnpecopa deuzyna)

diffuser andysop

manifold KOJIEKTOp; NaTpyOboK

forge KOBATH; LUITAMIIYBATH

dis¢ IHUCK

accelerate NpHUCKOPIOBaTH; 3611611y BaTH 060pOTH,
pO3KpyuyBaTH(CcA)

rate IBRAKICTH

continuous 6e3nepepBHUN

igniter plug 3anajbHa CBiYKa, CBIYKA 3analoBaHHs

interruption NIEPEPUBaHHA

cease NIPUIIHHATH, NPUZYIHHATH

relight MOBTOPHU# 3anyckK (0sucyHa); 3anaitoBaHHA

ATMBA [IPY IOBTOPHOMY 3allyCKaHHi

relight (relit — relit)

IIOBTOPHO 3alTyCKaTH (J8uzyH), NiAnanioBaTu
TIOBTOPHO

auto-relight aBTONIANAJICHHA;  ABTOMaTHYHUN  3amycK
(Osuzyna)

flame-out 3pHB AONYM’s

sustain HiATpUMYBaTH

self-sustaining CaMOITi ATpUMYOUUi

pump Hacoc

power turbine cunoBa TypbiHa

direct-drive engine

JBUT'YH 3 NPsIMUM [IPHBOJIOM

run

ApaLIOBATH (11000 08UZYHA)

true air speed

JificHa NoBITpAHA IIBUAKICTD
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Exercise 15. Read, translate and give the gist of text 2

Text 2. MAGOR COMPONENTS OF
THE HELICOPTER FNGINE

There are two types of compressors: an axial compressor and a
centrifugal compressor. The axial compressor includes two main
elements, the rotor and the stator. The rotor consists of a number of blades
fixed on a rotating spindle and resembles a fan. As the rotor turns, air is
drawn rearwards. Stator vanes are arranged in fixed rows between the
rotor blades and act as a diffuser at each stage to decrease air velocity and
increase air pressure. There may be a number of rows of rotor blades and
stator vanes. Each row constitutes a pressure stage. The number of stages
depends on the amount of air and pressure rise required for the particular
engine.

The centrifugal compressor consists of an impeller, a diffuser, and a
manifold. The impelier, which is a forged disc with integral blades, rotates
at a high speed to draw air in and expel it at an accelerated rate. The air
then passes through the diffuser which slows the air down. When the
velocity of the air is slowed, static pressure increases, resulting in
compressed, high pressure air. The high pressure air then passes through
the compressor manifold where it is distributed to the combustion
chamber.

Unlike a piston engine, the combustion in a turbine engine is
continuous. The igniter plug serves only to ignite the fuel/air mixture
when starting the engine. Once the fuel/air mixture is ignited, it will
continue to burn as long as the fuel/air mixture continues to be present. 1f
there is an interruption of fuel, air, or both, combustion ceases. This is
known as a “flame-out,” and the engine has to be restarted or relit. Some
helicopters are equipped with auto-relight, which automatically activates
the igniters to start combustion if the engine flames out.

The turbine section consists of a series of turbine wheels that are used
to drive the compressor section and the rotor system. The first stage,
which is usually referred to as the gas producer or N! may consist of one
or more turbine wheels. This stage drives the components necessary to
complete the turbine cycle making the engine self-sustaining. Common
components driven by the N1 stage are the compressor, oil pump, and fuel
pump. The second stage, which may also consist of one or more wheels, is
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dedicated to driving the main rotor system and accessories from the
engine gearbox. This is referred to as the power turbine (N2 or Nr).

If the first and second turbine stages are mechanically coupled to each
other, the system is said to be a direct-drive enginc or fixed turbine. These
engines share a common shaft, which means the first and second stage
turbines, and thus the compressor and output shaft, are connected.

On most turbine assemblies used in helicopters, the first stage and
second stage turbines are not mechanically connecled to each other. They
are mounted on independent shafts and can turn freely with respect to
each other. This is referred to as a “free turbine”. When the engine is
running, the combustion gases pass through the first stage to drive the
compressor rotor, and then pass the independent second stage,
which turns the gearbox to drive the output shaft.

Exercise 16. Give Ukrainian equivalents of the following terms.

Impeller, manifold, diffuser, rotor, stator, vane, blade, rate. velocity,
fan, row, spindle, disc, plug, flame, pressure, chamber, turbine, mixture,
start, interruption, restart, igniter, combustion, pump, stage, drive,
gearbox, shaft, assembly, cycle, fuel, power, accessories, relight, safcty,
reliability, simplicity.

Exercise 17. Read and translate the following “noun + noun”
collocations.

Compressor section, stator vane, rotor blade, pressure stage, pressure
rise, compressor manifold, combustion chamber, igniter plug, fuel/air
mixture, turbine section, rotor system, gas producer, turbine cycle, oil
pump, fuel pump, engine gearbox, output shaft, combustion gases, gas
turbine, pressure rate, power turbine, turbine assembly, compressor rotor,
exhaust gases, Pratt & Whitney turbine engine.

Exercise 18. Translate the following verb combinations and use them
in sentences of your own.

To consist of the rotor and stator, to arrange in fixed rows, to act as a
diffuser, to decreasc air velocity, to increase air pressure, to constitute a
pressure stage, to depend on the amount of air and pressure rise, to rotate
at a high speed, to draw air, to expel air at an accelerated rate, to pass
through the diffuser, to result in high pressure air, to ignite the fuel/air
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mixture, to start the engine, to burn the fuel/air mixture, to activate the
igniters, to start combustion, to be refered to as the gas producer, to
complete the turbine cycle, to make the engine self-sustaining, to be
coupled to each other, to be mounted on independent shafts, to pass
through the first stage, to drive the output shaft.

Exercise 19. Work in pairs. Add question tags and answer them.

1. The helicopter engine is used to rotate the main rotor, ...? 2. The
main rotor generates both thrust and lift, ...? 3. The helicopter engine
must have gearbox of a high reduction ratio, ...? 4. If the helicopter has
several main rotors, they can be driven from one engine or each from a
separate engine, ...? 5. The purpose of an engine on a helicopter differs
from that of an engine on an airplane, ...? 6. The tail has a tendency to
swing in one direction, ...? 7. A small anti-torque rotor is mounted at the
tail, driven by an extension shaft from the engine transmission, ...? 8. The
pitch of the tail rotor is adjusted so that at cruise speed the aircraft is
trimmed to fly a straight course, ...? 9. The only helicopter Super Puma
can fly in icing conditions, ...? 10. Instability, low airspeed, hovering
make helicopter crew workload more difficult than in an airplane, ...?

Exercise 20. Write out of text 2 words that can function both as verbs
and nouns. There are more than 20 such words. Give their translation.

Exercise 21. Choose nouns among the following words. Put their first
letters into the cells below in the same order. Read and translate the
obtained word.

- r rr 1t f{ i [ /]

Connect, compose, construction, cease, open, office, fixed, axial,
manifold, constitute, particular, blade, simple, centrifugal, unit, usually,
section, equip, complete, turbine, common, independent, some, impeller,
between, require, operation, necessary, number, continuous.

Exercise 22. Work with a partner. Ask and answer the questions.

1. What types of compressors are there? 2. What does the axial
compressor include? 3. What does the rotor consist of? 4. How are stator
vanes arranged? 5. What constitutes a pressure stage? 6. What does the
number of stages depend on? 7. What does the centrifugal compressor
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consist of? 8. What does the igniter plug serve for? 9. What does the
turbine section consist of? 10. What are turbine wheels used for? 11. What
are the functions of the first and second turbine stages? 12. What is the
“free turbine™?

Exercise 23. Change the verbs from the Passive to Active form.

1. The latest reliable and durable materials are extensively used in
helicopter construction, the rotor blades, for example are made of glass
plastic. 2. Engine access is used for engine maintenance. 3. The difference
between dynamic air pressure and static air pressure is used for computing
true air speed of the helicopter. 4. The first turbine stage is usually
referred to as the gas producer or N1. 5. In the semi-rigid rotor the blades
were attached rigidly to the hub. 6. Power is provided by a turbine unit
mounted completely externally on the deck at the rear of the forward
fuselage. 7. The standard of electrical equipment and avionics is intended
for extreme reliability. 8. The high-altitude capacities of the helicopter, its
reliability and safety, the simplicity of its technical servicing were
appreciated by civil and military users. 9. The Ansat, a single-rotor
helicopter is powered by two Pratt & Whitney PW-206C turbine engines.

Exercise 24. Read, translate in writing and entitle text 3.

Text 3

The engine, whether turbine or reciprocating, is connected to the
blades via a transmission and drive shaft. This same engine also drives a
small propeller — the ‘tail rotor’ — at the rear of the ship to overcome the
torque generated by the main blades overhead. The pitch of the main rotor
blades is controlled by two separate controls. The first, the ‘collective’, is
located to the pilot’s left. It is a rod that pivots at the back of the seat.
Pulling this rod up increases the pitch of all the main blades the same
amount and at the same time. This provides lift and makes the helicopter
rise straight. Another stick, the ‘cyclic’, is located between the pilot’s legs
and controls the pitch of the main blades at various points around its arc.

Exercise 25. Put key questions on the topic “Helicopter Engines”.

Exercise 26. Speak on:
1. Types of helicopter engines.
2. Major components of helicopter engines.
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Unit I
HELICOPTER SYSTEMS

Exercise 1. Memorize the basic vocabulary to text 1.

transmission
system

TpaHCMicifl; cucTeMa lepeaayi

fuel system

naJIMBHA CUCTEMA

power trans-

CHJIOBA nepeaaya

mission
hydraulic system rijpasJjiiiHa cucTeMa
stability cucTeMa aBToCTalini3auii/niABHLICHHS PiBHS
augmentation cTifikocTi
system (SAS)
autopilot aBTONNOT
environmental cucTeMa XKuTTe3abe3neYeHHA
system
anti-icing system NpoTHOO /i IHIOBA/IbHA CUCTEMA
tail rotor pYJIbOBUH/XBOCTOBUI FTBUHT
accessory JOTIOMIDKHHIT arperar
mechanical MairHHoOy iy BaHHA
engineering
erformance JIbOTHO-TEXHI4HI XapaKTepUCTHKH
sophisticated 1. cknaaHui; 2. cyvacHnii
avionics Ooprtose (padio) enekTpoHHe obnagHaHHA
malfunction HECIPAaBHiCTh
emergency apapiiiHa cutyaduis
machinery MaLlKHHH, MEXAHI3MH
flight controls OpraHM KepyBaHHA NOJIBOTOM
lighten 1. noneruysary
2. 3MEHIUNYBATH (842y, HABAHMAIICEHHA)
workload (izuune) HaBaAHTAKEHHA
fatigue BTOMA
incorporate BKJIIQYATH (00 cKAAdy H02c0-Heby0b)
disturbance [OpY LI€HHs

sling loading

30BHILUHA MiZBICKA Ha TPOCAX; BAHTAX, WO
HiABIYETHCA MijJ FelikonTepom

search and rescue

1011y KOBO-pATY BJIbHI (onepayii)

altitude

BHCOTa
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heading hold crabifizauis Kypcy
heating HArpiB(aHHs)

cooling OXONOKEHHS

heat exchanger TEMI00OMiHHMK

ram air MOTIK MOBITPA, 1O Habirae
air duct NOBITPONpOBi[
contaminant 3a6pyHI0I0Y4a PEYOBHHA
slush piJika rps3b, CALOTA
coating MOKPHTTA, OOMLIIOBAHHS

Exercise 2. Read, translate and give the gist of text 1.
Textl. HELICOPTER SYSTEMS

There are different systems on board a helicopter to provide its proper
operation. They are the transmission system, the fuel system, the electrical
systems, the hydraulic system, thc stability augmentation system, thc
autopilot system, the environmental and anti-icing systems.

The transmission system transfers power from the engine to the main
rotor, tail rotor, and other accessories. In mechanical engineering,
transmission or power (ransmission means all the mechanisms that
connect the engine with what should move, as well as everything that
ensures the operation of these mechanisms.

The helicopter fuel system allows the flight crew to pump, manage and
deliver fuel to the engine. Fuel systems can differ greatly due to different
performance characteristics of the helicopter in which they are installed.

The electrical systems, in most helicopters, reflect the increased use of
sophisticated avionics and other electrical accessories. More and more
operations in today’s flight environment are dependent on the aircraft
electrical system. However, all helicopters can be safely flown without
any electrical power in the event of an electrical malfunction or
emergency.

A hydraulic system uses a fluid under pressure to drive helicopter
machinery or move its mechanical components. It provides an assisting
force to move the respective flight controls, thus lightening the force
required by the pilot. This eases the pilot’s workload and fatigue.
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Some helicopters incorporate a stability augmentation system (SAS) to
help stabilize the helicopter in flight and in a hover. Stability
augmentation systems reduce pilot’s workload by improving basic aircraft
control and decreasing disturbances. These systems are very useful when
it is required to perform other duties, such as sling loading and search and
rescue operations.

Helicopter autopilot systems are similar to stability augmentation
systems, but they have additional features. An autopilot can actually fly
the helicopter and perform certain functions selected by the pilot. The
most common of them are altitude and heading hold.

The environmental system provides heating and cooling of the
helicopter cabin. The simplest form of cooling is by ram air, which is let
into the cabin through air ducts. Air conditioners or heat exchanges can be
fitted to the helicopter as well.

The anti-icing system is responsible for the process of protecting
strategic areas against frozen contaminant, snow, ice, or slush on a
surface. Anti-icing materials or coatings are placed in strategic areas to
reduce ice formation and improve performance.

Exercise 3. Give Ukrainian equivalents of the following terms and
terminological word combinations.

Main rotor, tail rotor, mechanical engineering, power transmission,
sophisticated avionics, electrical malfunction, performance characteristics,
electrical accessories, assisting force, aircraft control, helicopter
machinery, flight environment, electrical power, mechanical component,
flight controls, pilot’s workload, decreasing disturbances, sling loading,
scarch and rescue operation, additional feature, altitudc and heading hold,
helicopter cabin, air duct, heat exchanger, strategic area, anti-icing
material, ice formation, anti-icing coating, frozen contaminant.

Exercise 4. Give English equivalents of the following terms and
terminological word combinations.

Cucrema riepeaadi, cucreMa aBrocTabislizauil, XBOCTOBHI TIBHMT,
OpraH{ KepyBaHHsf MONLOTOM, (i3UuHe HAaBAHTAXKEHHA Mifnora, CkaamHa
aBianliiiHa enexTpoHika, aBapifHa CHTYyalis, TEMIOOOMiHHHK, 30BHiUIHA
nifBicka Ha Tpocax, crabimisauis kypcy, fOTik mosirpsa, o Habirae,
NpoTHOGIIAHIOBANBHE [TOKPHTTA, MEXaHi3MK TBUHTOKPHUIIA, HarpiBaHHs Ta
OXONIOKEHHA,
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Exercise 5. Make up sentences with the following word combinations.

To provide proper operation; to transfer power from the engine; to
ensure the operation of mechanism; to deliver fuel to the engine; to differ
greatly; to be installed in a helicopter; to be safely flown without any
electrical power; in the event of malfunction; to move the respective flight
controls; to lighten the force required by the pilot; to ease the pilot’s
workload; to incorporate a system; to hclp stabilize the helicopter in
flight; to perform sling loading; to reduce pilot’s workload; to provide
heating and cooling; to be fitted to the helicopter; to protect strategic areas
against frozen contaminant; to improve performance.

Exercise 6. Match the terms and their definitions.

a) a method of improving the navigation
1) transmission tbrough the integration of external information
into the calculation process

b) the application of chemicals that keep
2) hydraulics atmospheric moisture from accumulating on
helicopter surfaces

¢) the electronic systems that include
communications, navigation, the display and
3) augmentation | management of multiple systems fifted to
aircraft or helicopter to perform individual
functions

d) the study and use of systems that work using
4) anti-icing hydraulic pressure on the parts of a vehicle that
take power from the engine to the wheels

€) a system used to control the trajectory of an
aircraft, marine craft or spacecraft without

>) hover requiring constant manual control by a human
operator
6) avionics f) nearly stationary flight in a helicopter




Exercise 7. Match the names of systems in the left column with the
Junctions they perform in the right column.

1) fuel system a) provides heating and cooling of the

helicopter cabin
2) transmission b) flies the helicopter and performs certain
system functions selected by the pilot

c) deals with sophisticated avionics and other

3) hydraulic system R .
) hy y electrical accessories

4) stability d) transfers power from the engine to the main
augmentation rotor, tail rotor, and other accessories
system

€) pumps, manages and delivers fuel to the

5) electrical system .
engine

f) uses fluid under pressure to drive helicopter

6) anti-icing system .
) anti-icing sys machinery
7) autopilot system | g) protects strategic areas against ice formation

8) environmental h) stabilizes the helicopter in flight and in a
system hover

Exercise 8. Fill in the gaps with the following terms: helicopter
machinery, pilot’s workload, flight controls, electrical accessories,
electrical power, disturbances, air ducts, assisting force, sophisticated
avionics, ram air, performance characteristics, an electrical
malfunctlon. Translate the sentences.

1. Fuel systems can differ greatly due to different ..... of the helicopter.
2. The electrical systems, in most helicopters, reflect the increased use of

..... and other ..... 3. All helicopters can be safely flown without any .....
in the event of ..... . 4. Stability augmentation systems reduce ..... by
improving basic aircraft control and decreasing ..... . 5. The simplest forin
of cooling is by ....., which is let into the cabin through ..... .
6. A hydraulic system provides an ..... to move the respective ..... .

7. A hydraulic system uses a fluid under pressure to drive ..... .



Exercise 9. Say whether the following sentences are true or false.
Correct the false ones.

1. Fuel systems installed in different helicopters are mostly similar in
design and functioning. 2. Helicopters are highly dependent on their
electrical system and cannot fly safely without any electrical power in the
event of an electrical malfunction or emergency. 3. A hydraulic system
uses fluid under pressure to protect strategic areas against ice formation
and improve performance. 4. An autopilot can actually fly the helicopter
and perform heading hold. 5. Air conditioners and heat exchanges are a
part of the environmental system. 6. Stability augmentation systems
improve basic aircraft control. 7. Helicopter autopilot systems differ
greatly from stability augmentation systems. 8. The most common
functions of the autopilot are altitude and heading hold.

Exercise 10. Answer the questions on text 1.

1. What systems are there on board a helicopter to provide its proper
operation? 2. Where does the transmission system transfer power?
3. What does power transmission mean in mechanical engineering?
4. What does the fuel system serve for? 5. Is the work of the electrical
systems associated with the use of sophisticated avionics in most
helicopters? 6. Can helicopters be safely flown without any electrical
power in the event of an electrical maifunction or emergency? 7. What
does the hydraulic system use fluid under pressure for? 8. Why do some
helicopters incorporate a stability augmentation system? 9. What is the
helicopter autopilot system similar to and what functions does it perform?
10. The anti-icing system provides heating and cooling of the helicopter
cabin, doesn’t it? 11. What is the anti-icing system responsible for?
12. Where are anti-icing materials or coatings placed and what for?

Exercise 11. Put questions on the italicized words.

1. Helicopter rotors allow it to take off and land vertically. 2. A helicopter
carries loads connected to long cables or slings. 3. Police departmens use
helicopters to pursue suspecis. 4. Unsafe helicopter operation can result in
loss of control, structural damage, or loss of life. 5. Helicopters are used
as air ambulances for emergency medical assistance in some situations.
6. Unmanned helicopter system is developed by company tor military
and surveillance duties. 7. Transport helicopters are used to ferry troops
and supplies. 8. There are different systems on board a helicopter ro
provide its proper operation.
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Exercise 12. Translate the following sentences into English.

1.

Cuctemu renikonTepa, o 3a6e3nedyioTs HOro HanexHy poboTy —
e CHCTEMA TPAHCMICIT, NaNuBHA CHCTEMA, ENEKTPHYHI CHCTEMMU,
riapaBniuHa cucTeMa, cicTeMa aBrocrabinisauii, cucrema
aBTOMI/IOTA, CHCTEMU XUTTE3a0€3MeueHHs Ta NPOTHOOIENEHIHHS

IMannBHA cucTeMa refikoriTepa nepekavye, ynpasise Ta nojac
NTHBO 10 IBUTYHA

(93]

. Enexrpuuna cucrema renikonrepa BiioGpaxae wmpoke

BUKOPUCTAHHS CKJIaHOT aBiOHIKH Ta iHIIMX eNeKTPUIHUX
JOMNOMIXHHX arperaris

. 'enikontepoM mMoxHa Ge3neyto KepyBaTH 3a BiICyTHOCTI

€/IEKTPOEHEprii y enexrpoMepeski abo B aBapiiiiil cuTyarii.

. PiivHa nij THCKOM NPUBOAWTE B PYX MeXaHi3MH refikonTepa i

nepemMiilye Horo MexaHiui KOMIOHEHTH

Cucrema aBrocTabinisauii BAKOPHCTOBYETBCA A cTabinizauii
rejgikonTepa B NMOJILOTI i 3aBHCaHHI

. Poboue HaBaHTKEHHs NLTOTA 3HKYETHCH 3 paxyHOK HOAIMIUEHHS

6a30BOro ynpanJiiHHs reflikOITEPOM i SMEHILEHHS TIEPELUKOJ

. Cucrema aBTonisiora rejiikontepa Ma€ A0AaTKOBI (yHKil, Taki sK

YTPHMaHHsA BUCOTH i KYpCY

9.

O6irpiB Ta oxoJn0MkeHHA KabiHu renikonrepa 3abe3neuy0Thes
CHCTEMOIO XHUTTE3a0e3MeYEeHHA e

10.

Crucrema npornobiecHiHHA 3aXMIIAe CTPATETIYHI AiIAHKY BiJ
3Mep31HX 3a0pyHIOIOMHUX PEHOBHUH, CHITY, boRy a00 ClbOTH Ha
NOBEPXHi

Exercise 13. Compose a dialogue on “Helicopter Systems”. Ask about

the systems used on board a helicopter, the purposes they serve for and

operational situations they could be used in.

Exercise 14. Memorize the basic vocabulary to text 2.

main rotor HECHUI1 [BUHT (zenixonmepa)

transmission TpaHcMicis, nepenaya

tail rotor drive cHucTEMA NMPUBOJAY XBOCTOBOrO
system pOTOpa/KepMOBOro rBUNTA

clutch My dTa (3vernienns)
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freewheeling unit

MEXaHI3M X0JIOCTOro Xony (Hecynozo 2eunma)

lubricate 3MaLlyBaTH

oil supply HoAavya MacTHIa

gauge BUMIpHOBa/IbHUIA Npyinan

sight gauge OrNANOBHIi BUMIPIOBAILHUMR npunax (piens

Macmuna)

chip detector

iHAWKATOP HAABHOCTI CTPY>XKKH B MacTHi

sump BiACTiliHHK; 3IHBHA EMHICTb; pe3epByap
wire 1. Opit; 2. MOHTYBATH IPOBOIKY
warning light CBIiT/IOBMIA aBapifiHuii curHanizarop (1amna)
instrument panel IpUIaJioBa NaHensb
burn off CTIAIIOBATH
attempt 1. RamaraHHs, cripo6a
2. Hamararucs, npobypatu
output 1. BUXiZl, NPONYKTHUBHICTb; BUXiHA NOTYXKHICTb

2. BUXijH#ii, Ha BUXOi

r.p.m (revolutions
per minute)

uKiCcno 06OpOTIB 32 XBHIHHY

maintain nigTpHUMYyBaTH, 30epiratu
manoeuvring MaHeBpYBaHHA
maneuvering
(amep.)
mount BCTQHOBNIIOBATH, MOHTYBAaTH o
rotation obepranns
_ rotor shaft BaJl HECHOT'O TBUHTA

tail boom XBOCTOBa Dasika
right angle IpAMHIA KYT
adjust NPUCTIOCOONATH; IIPHTAHATH
disconnect BiIIK/IICYATH, Bi’ €AHYBATH
starter CTapTep; NpUCTpiit And 3aMycKy [BHI'YHIB
engage BKJIIOYATH; 3’ €IHYBAaTH

raduaily NOCTYHOBO
pick up HabupaTy BUAKICTb, 30inblUyBaTH 000pOTH

{QsuzyHa)

load HaBaHTAXKEHHA
autorotation aBTopoTallig, caMoobepTaHHs
disengage Bil’€lHYBaTH; po3’€AHYBaTU
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Exercise 15. Read, translate and give the gist of text 2.
Text 2. HELICOPTER TRANSMISSION SYSTEM

The purpose of the transmission system is to transfer power from the
engine to the main rotor, tail rotor, and other accessories. The main
components of the transmission system are the main rotor transmission,
tail rotor drive system, clutch, and freewheeling unit.

Helicopter transmissions are normally lubricated and cooled with their
own oil supply. A sight gauge is provided to check the oil level. Some
transmissions have chip detectors located in the sump. These detectors are
wired to warning lights located on the pilot’s instrument panel that
illuminate in the event of an internal problem. Some chip detectors on
modern helicopters have a “burn off” capability and attempt to correct the
situation without pilot action. If the problem cannot be corrccted on its
own, the pitot must refer to the emergency procedures for that particular
helicopter.

The primary purpose of the main rotor transmission is to reduce engine
output rpm to optimum rotor rpm. This reduction is different for the
various helicopters. As an example, suppose the engine rpm of a specific
helicopter is 2.700. A rotor speed of 450 r.p.m would require a 6:1
reduction. A 9:1 reduction would mean the rotor would turn at 300 r.p.m.
Maintaining main rotor rpm is essential for adequate lift. Rpm within
normal limits produces adequate lift for normal maneuvering.

In helicopters with horizontally mounted engines, another purpose of
the main rotor transmission is to change the axis of rotation from the
horizontal axis of the engine to the vertical axis of the rotor shaft. This
differs from airplanes, which have their propellers mounted directly to the
crankshaft.

The tail rotor drive system consists of a tail rotor drive shaft powered
from the main transmission and a tail rotor transmission mounted at the
end of the tail boom. The tail rotor transmission provides a right angle
drive for the tail rotor and may also include gearing to adjust the output to
optimum tail rotor r.p.m.

In a conventional airplane, the engine and propeller are permanently
connected. However, in a helicopter they are not. Because of the greater
weight of a rotor in relation to the power of the engine, as compared to the
weight of a propeller and the power in an airplane, the rotor must be
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disconnected from the engine when the starter is engaged. A clutch allows
the engine to be started and then gradually pick up the load of the rotor.

The freewheeling unit allows the main rotor transmission to drive the
tail rotor drive shaft during autorotation. If the engine fails, the
freewheeling unit automatically disengages the engine from the main rotor
when engine r.p.m. is less than main rotor r.p.m. This allows the main
rotor to continue turning at normal in-flight speeds.

Exercise 16. Translate the derivative chains.

To lubricate-lubricated-lubrication; to detect-detected-detection; to
engage-engaged-engagement; to maintain-maintained-maintenance; to
transmit transmitted-transmission; to reduce-reduced-reduction; to
disconnect-disconnected-disconnection; to adjust-adjusted-adjustment; to
provide-provided-provision; to locate-located-location; to arrange-
arranged-arrangement; to correct-corrected-correction.

Exercise 17. Translate and memorize the words, which are used both
as verbs and nouns.

Line, manoeuvre, change, drive, level, switch, transfer, control, supply,
store, feed, pump, light, drain, flow, service, reverse, start, use, pump,
filter, board, condition, float, design, power, present, stop, charge,
discharge, fuel, balance, check, force, function, wire.

Exercise 18. Translate noun + noun terminological collocations.

Rotor transmission, drive system, tail rotor, oil supply, chip detector,
helicopter avionics, oil level, instrument panel, airframe design, engine
weight, fluid pressure, emergency procedures, engine output, rotor speed,
rotor shaft, engine power, rotor load, system failure, control unit, fuel
level, power control, flight condition, fuel pump, float valve, oil quantity,
propeller operation.

Exercise 19. Use the following terminological word combinations in
the sentences of your own.

To transfer power to the main rotor; to be lubricated with own oil
supply; to check oil level; to be located in the sump; to be wired to
warning lights; to illuminate in the event of a problem; to be corrected on
its own; to refer to the emergency procedures; to reduce engine output; to
change the axis of rotation; to be mounted directly to the crankshaft; to

42



provide a right angle drive; to include gearing; to adjust engine output; to
be pcrmanently connected; to be disconnected from the engine; to engage
the starter; to pick up the load of the rotor; to drive the tail rotor drive
shaft; to disengage the engine; to continue turning; to operate at normal
in-flight speeds.

Exercise 20. Match the English — Ukrainian equivalents.

1) warning light

2) 1ail rotor drive
system

3) engine output

4) freewheeling unit

5) main rotor
transmission

6) clutch

7) chip detector

8) sight gauge

9) rotor shaft

10) starter

11) tail boom

a)rojioBHa mepenaya poTopa
b) curHani3aTop CTpyKKv B MacTuii

c) myda (3yennenns)
d) cucrema npuBoAy KEpMOBOro rBUHTA
€) BUMipIOBanbHUit npunan (pisns macmuaq)

f) MexaHi3M BiTbHOTO X0y

g) CBITNOBHI aBapiiiHuit curHasizatop
h) Ban HecHOro rBuHTa

i) MOTYXHICTb IBUIYHa

j) xBocTOBA Danka

k) npucTpi#t 1uis 3anycKy IBUIYHiB

Exercise 21. Give definitions of the following terms.

Transmission, transmission system, main rotor transmission, sight
gauge, chip detector, engine output, tail rotor drive system, tail rotor
transmission, starter, clutch, freewheeling unit, autorotation.

Exercise 22. Complete the sentences giving English equivalents of the
words in brackets.

1. The main components of the trans mission system are (TpaHcMicis
HCCHOrOo IBHUHTA, CUCTCMA OpYBOAY KCPMOBOICG IBUHTA, 34YCIIACHHA Ta
MexaHi3M BinbHOro xoxy). 2. The primary purpose of the main rotor
transmission is (3HM3UTH IWBUIAKICTH 0NEPTAHHA BUXIAHOTO Bajy ABMIYHa
a0 ontumanesHoi WwBKakocTi obepranHa potopa). 3. The purpose of the
main rotor transmission is (3MinuTH Bich o6epTanus 3 FOPU3OHTANLHOI OCi
JIBWTYHA Ha BepTHKAlbHY Bich Baia poTopa). 4. The tail rotor drive system
consists of (MpMBiJIHUI Bal KEpMOBOI'O BHHTA, IO MPUBOAMTECA B X0
Bil ronoBHOI nepesayi, Ta TPAHCMICis KepMOBOI0O IBHHTA, BCTAHOB/EHA
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Ha kiHui xBocroBoi Oamku). 5. The tail rotor transmission provides
(NpuBix KepMOBOTO IBUHTA MiA OpAMuM KyToMm). 6. A clutch allows the
engine to be started and then (nocrynoBo mixHiMaTh HaBaHTaXEHH:
potopa). 7. The free wheeling unit allows the main rotor transmission
(NpuBOAMTH B [0 NpUBIIHME Bad KEPMOBOIO TIBHHTA MijJ 4ac
asroporauii). 8. Airplanes, which have their propellers (Bctanomieni
fe3nocepeatbo Ha KONIHYACTOMY BAITY).

Exercise 23. Answer the questions on text 2.

1. What are the main components of the transmission system?
2. What are helicopter transmissions normally lubricated and cooled with?
3. Chip detectors are provided to check the oil level, aren’t they?
4. When do the warning lights on the pilot’s instrument panel illuminate?
5. When must the pilot refer to the emergency procedures? 6. What are the
two primary purposes of the main rotor transmission? 7. What does the
tail rotor drive system consist of? 8. Are the engine and propeller
permanently connected on aircraft or helicopters? 9. Why must the rotor
be disconnected from the engine when the starter is engaged? 10. What
function does the clutch perform? 11. What unit allows the main rotor
transmission to drive the tail rotor drive shaft during autorotation?
12. When does the freewheeling unit disengage the engine from the main
rotor?

Exercise 24. Ask questions on the gaps beginning with the question
words given in brackets. Answer the questions.

1. Quadcopters have ... rotors with parallel axes (How many?).
2. The reduction of engine output differs ... for various helicopters
(How?). 3. The freewheeling unit automatically disengages the engine
from ... when engine r.p.m. is less than main rotor r.p.m (What ... from?)
4. Some transmissions have chip detectors located ... (Where?). 5. The
pedals are used to control ... (What?). 6. A sight gauge is provided to ... .
{What ... for?). 7. Chip detectors are wired to ... (What ... t0?). 8. The
tail rotor transmission may include gearing ... (What...for?). 9. The rotor
must be disconnected from the engine ... (Why?). 10. Early helicopter
designs utilized ... (What?). 11. ... revolutionized the aviation industry
(What?),
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Exercise 25. Put questions of different kinds on the following
sentences.

1. A helicopter carries loads connected to long cables. 2. A helicopter
can take off and land vertically due to its operating characteristics.
3. Helicopter uses include transportation of people and cargo, military
uses, construction, firefighting, etc.4. A belicopter is used as air
ambulances for emergency medical assistance. 5. Unmanned aerial
systems vary in sizes and missions they perform. 6. Helicopters are used
in the logging industry to lift trees out of terrain. 7. Helicopters are often
equipped with lighting and heat-sensing equipment for night operation.

Exercise 26. Translate the following sentences into English.

1. Cucrema TpaHCMICIT clyrye Asid nepeaayi noTyxHOCTI Bill IBHryHa
[0 HECHOTO TBHMHT2, KEPMOBOIO IBMHTA Ta iHUWIMX JOMOMDKHHX
HPUCTPOIB

2. OCHOBHMMH KOMIOHEHTAMH CHCTEMH TPAHCMICII € TpaHcMmicis
HECHOTO MBHHTA, CHCTEMA NPHBOAY KEPMOBOIO IBHHTA, 3YEIMICHHA
T4 MexXalli3M BiJIbHOTO X0y

3. TpaHcMicii 'BUHTOKPHIIIB 3a3BHUali 3MALLYIOThCA Ta
OXOJIOMKYIOTBCA BJIACHOIO CHCTEMOIO T10J1a4i Macia

4, Jlnsa nepeBipku piBHA Macia RUKOPUCTOBYETHCA OTAAIOBHH
BUMipIOBaNbHUit npunan

5. JleTekTOpH CTPY>KH MiAKIIOUYEH] 10 CBITIOBHX aBapiiHHX
CHIHAI3aTOPIB, pO3TalloBaHUX Ha MPWIALOBiH Nanesni ninora

6. TpaHcMicisi HECHOTO TBHHTA 3HiXKY€ LIBHIKICTE 00EPTIB JBUTYHA
Ha BUXOAi IO ONTUMaIbHOY LIBUAKOCTI 00epTiB poTopa

7. 34€IUIeHHs I03BOJsIE 3allyCKATH JBUTYH, a IOTIM [10CTYMOBO
MigHIMATY HABAHTAKEHHUA POTOpA

8. V 3puuaiiHOMY JliTaky JABUTYH i FBHHT NMOCTiHHO 3’ €aHaHI

9. MexaHi3M BiILHOIO XOLy aBTOMaTHYHO BiK/II04AE ABUTYH Bif
HECHOro TBHHTA, AKIIO IBHTYH BUXOAHUTSH 3 Nany

10. Ao npobaemy He BAAETbCA YCYHYTHM CAMOCTIHHO, 11U10T
NOBUHEH Tiepeifry 0 aBapifiHUX axouis
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Exercise 27. Memorize the basic vocabulary to text 3.

single-engine piston
helicopter

OILHOMOTOPHHﬁ I'IOPUIHCBHFI CBUHTOKpHUA

multi-engine 6araToMoTOpHMIA
helicopter renikonTep

fuel supply system CHCTEMA NoAaYi nanuBa

engine fuel control CHCTEMa PeryJlioBaHHsa MOAavi Nanusa Jo
system B IBUI'YHa

fuel tank nanuBHUI Gak

airframe KOpIyc

vent BEHTUNANiiHMi OTBip

fuel quantity gauge NAJTUBOMIp, AATYMK KiNbKOCTI NAIMBA

shut-off valve IfepeKpUBHMIA/BiACIYHMIA KNanan

fuel filter nanuBHHUH dineTp

fuel line DANUBHUI TpyOoTiposia/niHis/MaricTpans

primer 3UTMBHHI HAacOC

fuel pump TAJTMBHMIT HacoC

negligihle He3HaYHM

center of gravity

LUGHTP TAKiHHSA

drain

1. 3MBaHHS; 2. 3IMBaTH

sediment ocap, BiACTil

overflow 1. HanJIMWOK; 2. nepeauBaTH Yepes Kpai

expand 30inbLIy BaTH (po3aip, 0Hcsie), pO3LIMPIOBATH

rupture [POPHMBATH, PO3PHBATH

sensing unit CEHCOPHHUH JaTIHK

capacity EMHICTB, JIiTpaXx

gallon TaIOH (mipa pidkux | cunyqux min)

carburetor xapGropatop

fuel injection system | cucrema BuOpCKyBaHHA Najidea

pound ObYHT (0ounuys sacu)

full autherity digital | uudpose enexrporHe kepyBaHHA pEXXUMAMHU
electronic engine poBoTH JBHIYHA
control (FADEC)

analog electronic aHaNoroBe e1eKTPOHHE KepYBaHHS ABUI'YHOM
engine control (EEC)
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overriding 3aMillly BaHHsA

control unit ONOK KE€pYBaHHA
emergency mode aBapidHull pexxum
accomplish 1. BHKOHYBATH

2. 3aBepilly BaTH, JOBOAMNTH A0 KiHUS

Exercise 28. Read, translate and give the gist of text 3.
Text 3. HELICOPTER FUEL SYSTEM

The purpose of the helicopter fuel system is to deliver an adequate
supply of clean fuel to the engine at the proper pressure and temperature
under all flight conditions. Fuel systems can be different according to the
performance characteristics of the helicopter. A single-engine piston
helicopter will have a very simple fuel system, while a multi-engine
helicopter will have a far more complex system. A helicopter fuel system
will vary as to what kind of engine or engines are being used, and what are
the performance characteristics of the helicopter as to speed, altitude, etc.

The fuel system in a helicopter is made up of two groups of
components: the fuel supply system and the engine fuel control system.

The supply system consists of a fuel tank or tanks, fuel quantity
gauges, a shut-off valve, fuel filter, a fuel line to the engine, and possibly
a primer and fuel pumps.

The fuel tanks are usually mounted to the airframe as close as possible
to the center of gravity. This way, as fuel is burned off, there is a
negligible effect on the center of gravity. A drain valve located on the
bottom of the fuel tank allows the pilot to drain water and sediment that
may have collected in the tank. A fuel vent prevents the formation of a
vacuum in the tank, and an overflow drain allows for fuel to expand
without rupturing the tank. A fuel quantity gauge located on the pilot’s
instrument panel shows the amount of fuel measured by a sensing unit
inside the tank. Some gauges show tank capacity in both gallons and
pounds. The fuel travels from the fuel tank through a shut-off valve,
which provides a means to completely stop fuel.

The purpose of the fuel control system is to bring outside air into the
engine, mix it with fuel in the proper proportion, and deliver it to the
combustion chamber. Fuel is delivered to the cylinders by either a
carburetor or fuel injection system.
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Two types of fuel control system that are used today by most modern
turbine helicopters are the full authority digital electronic engine control
(FADEC) and analog electronic engine control (EEC). FADECs have no
form of manual overriding available, giving the computer full authority
over the operating parameters of the engine. If a total FADEC failure
occurs, the engine fails. If the engine is controlled digitally and
electronically but allows for manual operation, it is considered an EEC or
electronic control unit. It allows the pilot to continue to operate the engine
while in emergency mode (manual mode).

With fuel being so important to the operation of the engines, anything
that can hurt the fuel system can have a negative impact on engine
performance, which can prevent the helicopter from accomplishing its
mission.

Exercise 29. Translate the terms and verb combinations from text 3.

a) adequate supply of clean fuel; proper pressure; performance
characteristics; multi-engine helicopter; single-engine piston helicopter;
complex system; engine fuel control system; fuel quantity gauge; center of
gravity; negligible effect; fuel injection; operating parameters; emergency
mode; manual operation;

b) to deliver under all flight conditions; to be mounted to the aitframe;
to burn off fuel; to drain water and sediment; to collect in the tank; to
prevent formation of a vacuum; to expand without rupturing the tank; to
be measured by a sensing unit; to show tank capacity; to bring outside air
into the engine; to be controlled digitally; to operate in emergency mode;
to prevent from accomplishing mission.

Exercise 30. Match the English — Ukrainian equivalents.

1) fuel quantity a) CHCTEMa peryiioBaHHs nogadl najinsa 1o
gauge DBHTYHA

2) fuel supply system | b) uudpoBe eeKTpOHHE KepyBaHHs!
pexkuMaMu poOOTH IBUryHA

3) shut-off valve ¢) CHCTeMa NoAayi nanyuea
4) engine fuel control | d) naiusomip
system
5) electronic control | €) nepexpuBHMil KnanaH
unit
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6) full authority f) enexrponHuii GIOK KepyBaHHA
digital electronic
engine control

7) emergency mode £) aHAJIOTOBE €l1eKTPOHHE YNpaBTiHHA

IBUT'YHOM
8) fuel injection h) narunx
system
9) analog electronic | i) aBapiiiHuii pexxum
engine control
10) sensing unit J) cucTemMa BNOpCKYBaHHs naiuBa

Exercise 31. Fill in the gaps with the following terms: a shut-off
valve, the fuel supply system, tank capacity, the engine fuel control
system, electronic control unit, a drain valve, a fuel quantity gauge, a
sensing unit, emergency mode, fuel tank.

1. The fuel system in a helicopter is made up of two groups of
components: ... and ... . 2. ... located on the bottom of the ... allows the
pilot to drain water and sediment. 3. ... located on the pilot’s instrument
panel shows the amount of fuel measured by ... . 4. Some gauges show ...
in both gallons and pounds. 5. The fuel travels from the fuel tank through
..., which provides a means to completely stop fuel. 6. ... allows the pilot
to continue o operate the engine while in ... or manual mode.

Exercise 32. Answer the questions on text 3.

1. What is the purpose of the helicopter fuel system? 2. What systems
do single-engine piston helicopters and multi-engine helicopters use?
3. What components is the fuel system made up of? 4. The fuel tanks are
mounted to the airframe as far as possible from the center of gravity,
aren’t they? Why? 5. What system consists of a fuel tank, fuel quantity
gauges, a shut-off valve, fuel fiiter, a fuel line to the engine and pumps?
6. The purpose of the engine control system is to bring outside air into the
engine, mix it with fuel in the proper proportion, and deliver it to the
combustion chamber, isn’t it? 7. What two types of fuel control system are
used today by most modern turbine helicopters? 8. What is the difference
between the full authority digital engine control (FADEC) and analog
electronic engine control (EEC)? 9. Which of these systems aliows to
operate the engine in emergency mode? 10. Why is the fuel system so
important to the operation of the helicopter?
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Exercise 33. Pur questions on the italicized words.

\. The fuel system is complex because fuel is stored in some
interconnected tanks. 2. Severe changes in temperature and pressure occur
as the helicopter maneuvers. 3. Fuel systems for helicopter engines vary
widely with the engine type and performance characteristics of the
helicopter. 4. Anything that can hurt the fuel system can have a negative
impact on engine performance. 5. Any system must be designed ro satisfy
particular requirements of a helicopter.

Exercise 34. Write out of text 3 Passive verb forms and analyze their
structure.

Exercise 35. Open the brackets using the verb in the Present Indefinite
Active or Passive.

1. Some helicopter-type vehicles (to use) electric motors. 2. Fuels other
than gasoline (to use) on radio-controlled helicopters, which (to
operate) on piston engines. 3. Some turbine engines (to use) commonly in
helicopters and can (to work) on biodiesel instead of jet fuel. 4. The fuel
(to travel) from the fuel tank through a shut-off valve, which (to provide)
a means to completely stop fuel. 5. The fuel system in a helicopter (to
make up) of two groups of components. 6. The fuel tank (to mount) 1o the
airframe as close as possible to the center of gravity. 7. The fuel control
system (to bring) outside air into the engine and (to mix) it with fuel in the
proper proportion. 8. Then fuel (to deliver) the combustion chamber.
9. The engine can (to control) digitally and electronicaily but also (to
allow) manual operation. 10. Fuel systems can (to be) different according
to the performance characteristics of the helicopter. 11. A drain valve (to
locate) on the bottom of the fuel tank. 12. Drain valves (to allow) the pilot
to drain water that (to collect) in the tank.

Exercise 36. Change sentences from Active to Passive.

I. Manufactures provide many subsystems to ensure safe and reliable
operation. 2. The engine driven pump supplies fuel to the engine. 3. Fuel
nozzles atomize fuel. 4. The main fuel pump provides continuous fuel
flow. 5. Switches in the cockpit control the electrical pumps. 6. A vent
prevents vacuum formation. 7. A fuel filter removes any remaining
moisture and sediment from the fuel. 8. A fuel quantity gauge shows the
amount of fuel measured by a sensing unit. 9. The electrical pumps
maintain positive fuel pressure. 10. The airplanes with present-day
engines use complex fuel systems.
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Exerciseb 37. Translate the following sentences into English.

1. [TanuBHa cucrema 3abe3nedye AOCTATHIO NOJAYY YMCTOTO NanuBa
JI0 IBMI'YHA IPH HANEXHOMY THCKY i TeMnepaTypi 3a Oy ab-axux
YMOB NONBLOTY

2. [lanuBHa cHCTEMA FBUHTOKPHIIA CKAAAAETLCA 3 CHCTEMH T0ayi
najauBa Ta CHCTEMH pEry/IloBaHHs NOAa4i nanuea Ao ABUTyHa

3. ManusHi 6aky 3a3BU4ail KPINIATLCA 20 kopnycy skomora 6nwkue
[0 UEHTPY THKIHHA

4, 3nuBHNIA KNanaH, po3TalloBaHMit Ha AHI nanueHoro 6aka,
JI03BOJIA€ NIJIOTOBI 3nMBaTH BONY i BiACTIl

5. [ManuBoMip, po3TaltoBaHHi HA NPUAAROBI MaHesi NioTa,
noxa3sye KinoKicTh nanuea y 6aui

6. CucreMa perynoBaHHs [oJayi NanuBa 10 JABUryHa Nojae
30BHILUHE TIOBITPA 0 ABUIYHa, 3Milly€ HOro 3 nanuBoM y
notpibHilt nporopuii Ta noaae y kaMepy 3ropaHH:

7. Crorondi Ha GinbIIocTi CyYacHHX BEpTONLOTIB 3 TypOiHHUM
JBUTYHOM BUKOPUCTOBYIOTHCA JIBa THIIY CHCTEM KOHTPOJIO
manuga: Lndpose ynpasiisHs apuryHoM (FADEC) i ananorose
enekTpoHHe ynpasiiHHa asuryHoMm (EEC)

8. Bee, 1110 MOXe NMOWKOAUTH NAIHBHY CHCTEMY, MOXE HETATUBHO
BIUTMHYTHU Ha poOOTy ABUI'YHA

9. OAHOMOTOPHI NOpPLIHEBi TBUHTOKPUIH MAtOTh JyXe NpoCTy
NaJinBHY CUCTEMY, Y MOPIBHAHHI 3 6araTOMOTOPHHMH
I'BUHTOKpIJIaMU, fki MatoTh Habarato 6inbiu CKIaqHy CUCTEMY

10. ITanuBHi cHCTEMH PO3PI3HAIOTLCA 3ATIEKHO BiJl JILOTHO-TEXHIUHHMX
XapaKTEPUCTHK TBUHTOKPHITIB

Exercise 38. Compose a dialogue on “Helicopter Fuel System”.

Ask about 1) the purpose of the fuel system; 2) its main components;
3) the principles of functioning; 4) two types of fuel supply control;
5) general importance of fuel system to helicopter operation.
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Exercise 39. Memorize the basic vocabulary to text 4.

battery Oarapes, aKyMynsaTop

starting vibrator HYCKOBMIi BiOpaTop

alternator reHepaTop 3MiHHOTO CTPYMY

circuit breaker aBTOMAT 3aXMCTY €IEKTPOMEPEXKIi

switch BUMHKaY; lepeMMKad

direct current nocTidHUiA cTpyM

alternating current 3MiHHHIA CTPYM

generator reHepaTop, JKepeno eHepril

turn over 1. ofepraru; 2. nepesepraru

standby pe3epBHHUid, 3anacHUil; apapiiHnii

emergency electrical aBapifiHa CHCTEMa eHepronocTayaHHs
power

ammeter aMnepmeTp

loadmeter BHUMipIOBa4 HaBaHTAXKEHHs

fuse MIaBKUH 3a1100iXHUK

overload NepeBaHTXEeHHA

pop out (mym) cnpaibOBYBaTH

loss of power BTpaTa EHEPronOCTauYaHHs

charge 1. 3apan; 2. 3apaKatu

Exercise 40. Read, translate and give the gist of text 4.

Text4. HELICOPTER ELECTRICAL SYSTEMS

The electrical systems in most helicopters deal with avionics and other
electrical accessories. Their various components include battery, starting
vibrator, starter, alternator, all circuit breakers and switches.

Helicopters have either a 14- or 28-volt, direct-current electrical
system,

Turbine powered helicopters use a starter/generator system. The
starter/generator is permanently connected to the engine. When starting
the engine, electrical power from the battery is supplied to the
starter/generator, which turns the engine over. Once the engine is running,
the startcr/generator is driven by the engine and is then used as a
generator.



An alternator is an electrical generator that converts mechanical energy
to electrical energy in the form of alternating current.

A battery is mainly used for starting the engine. In addition, it permits
limited operation of electrical components, such as radios and lights,
without the engine running. The battery is also a valuable source of
standby or emergency electrical power in the event of alternator or
generator failure. An ammeter or loadmeter is used to monitor the
electrical current within the system. The ammeter reflects current flowing
to and from the battery.

Electrical switches are used to select electrical components. Circuit
breakers or fuses are used to protect various electrical components from
overload. A circuit breaker pops out when its respective component is
overloaded. Caution lights on the instrument panel may be installed to
show the malfunction of an electrical component.

Flight is still possible during a total loss of electrical power, and
students should be taught to remain calm and safely land the helicopter.
The engine continues to operate normally without electrical power. The
battery, if fully charged, provides a limited time of power for items such
as radios.

Exercise 41. Form nouns from the following verbs by adding the
Jollowing suffixes: -t(-ion), -ance/-ence, -ment, -ox/er and translate them.

Arrange, develop, direct, differ, resist, transform, measure, generate,
connect, depend, attach, create, attract, activate, perform, operate,
indicate, rcact, equip, require, locate, move, assist, express.

Exercise 42. Form adjectives from the following verbs by adding the
Sfollowing suffixes: -able\ible, -ful, -ive, -ous, -al and translate them.

Adjust, access, change, consider, act, harm, attract, construct, form,
operate, structure, move, correct, create, rely, effect, express, interchange,
value, comprehend, understand, reverse, continue, use.

Exercise 43. Form adverbs from the following adjectives by adding the
suffix -ly and translate them.

Clear, easy, equal, definite, complete, exact, frequent, gradual,
immediate, obvious, proper, recent, slow, sudden, natural, dangerous,
comfortable.
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Exercise 44. Match the synonyms in the left and right columns.

1. warning light a) reserve

2. malfunction b) feed

3. stand-by c) fuse

4. running d) failure

5. supply e) caution light
6. circuit breaker f) rotate

7. turn over g) operating

Exercise 45. Give Ukrainian equivalents of the following terms and
terminological word combinations.

Battery, starting vibrator, starter, alternator, circuit breaker, switch,
direct-current, generator, alternating current, warning light, emergency
electrical power, standby power, alternator, ammeter, loadmeter, fuse,
overload, malfunction, loss of power, caution light, instrument panel.

Exercise 46. Make up sentences with the following verb combinations.

To be supplied to the starter or generator; to turn the engine over; to be
driven by the engine; to convert mechanical energy into electrical energy;
to be used for starting the engine; to permit limited operation; to use
standby or emergency electrical power; to monitor electrical current; to
protect various electrical components from overload; to pop up to show
malfunction; to indicate loss of electrical power; to operate normally
without electrical power; to be fully charged.

Exercise 47. Paraphrase the sentences according to the model.

Model: A battery starts the engine.

a) A battery serves for starting the engine.

b) A battery is used to start the engine.

¢) The function of a battery is to start the engine.

ey

1. An alternator converts mechanical energy to electrical energy.
2. A generator turns the engine over. 3. Circuit breakers protect various
electrical components from overioad. 4. An ammeter monitors the
electrical current within the system. 5. Electrical switches select electrical
components. 6. The ammeter reflects current flowing to and from the
battery.
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Exercise 48. Fill in the blanks with proper prepositions’ to, in,
on, for, of, from, with, through, within, into. 7ranslate the sentences.

1. Maintaining main rotor rpm is essential ... adequate lift. 2. Rpm ...
normal limits produces adequate lift ... normal maneuvering. 3. The fuel
travels ... the fuel tank ... a shut-off valve. 4. The purpose ... the fuel
control system is to bring outside air ...the engine, mix it ... fuel ... the
proper proportion, and deliver it ... the combustion chamber. 5. The
starter/generator is  permanently connected ... the engine.
6. Analternatoris an electrical generator that converts mechanical
energy ... electrical energy ... the form ... alternating current. 7. The
ammeter reflects current flowing ... and ... the battery. 8. Circuit breakers
or fuses are used to protect various electrical components ... overload.
9. Caution lights ... the instrument panel are installed to show the
malfunction ... an electrical component.

Exercise 49. Write out of text 4 a) Passive verb forms; b) Gerund
forms, c) Participles I and Il forms.

Exercise 50. Put key questions on text 4.

Exercise 51. Ask questions on the missing information. Complete the
Jfollowing siatements.

1. The electrical systems in most helicopters deal with...
2. Various components of the electrical systems include
3. Helicopters have either a 14- or 28-volt, ..... electrical system.
The starter/generator is permanently connected to
5. An alternator is an electrical generator that converts .... . 6. A battery is
mainly used for .... . 7. The battery is also a valuable source of
electrical power in the event of ... . 8. Electrical switches are used to ..... .
9. Caution lights on the instrument panel may be installed to show .... .
10. A circuit breaker pops out when ......

>

Exercise 52. Compose a summary of text 4.

Exercise 53. Speak on:
1. Helicopter systems.
2. Transmission system.
3. Fuel system.

4. Electrical system.
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Unit vV

HELICOPTER FLIGHT CONTROLS

Exercise 1. Memorize the basic vocabulary to text |.

manipulate 1. MaiicTepHO 37iHCHIOBAaTH py4YHe ynpaBiiHHsA
2. BMi10 NOBOAHTHCA
flight centrols OpraHH YNpaBJliHHA JIiTAlbHUM aNaparom

collective pitch
control

YTIPaBIliHHA CNiNBHUM KPOKOM (NecHoz0
26UHMA)

throttle

Apoceb, BaXiTb YNPaBiHHA BUTYHOM

throttle control

YIpaBiiHHA TATO0

cyclic pitch control

aBTOMAT-NIEPEKIcC; YNpaBMiHHA HMKIIYHHM
KPOKOM (1onameti Hecyyoeo eeunma)

lever BaXKiNb
pitch lever BAXLTb KpOKY (1onameti, zeunma)
pitchangle 1. KyT HaxxuMY (10nameii)
2. KYT TaHraxy
twist outboard\ KPYTUTH (Opoce.1v) Ha30BHi/BCepEAHHY
inhoard
pitch change MEXaHi3m 3MiHU KpPOKY
mechanism
angle of attack KyT aTaky
reverse peBepC; 3BOPOTHA Ais
conjunction 3YETINCHHA, 3’ €IHaHHA

tall rotor gearbox

PEAYKTOP XBOCTOBOT0//KEPMOBOrO 'BHHTA

offset

KOMIICHCYBAaTH, BpiBHOBaXYBaTH

pedal

nenasib

stick-type control

KEepyBaHHA 33 JOMOMOIOKO BaXKEIIA

tip

HaXWIATH; BIAXHIATH

plane of rotation

[UIOLMHA 00epTaHHA

sequential

1. nocaigoBHUM
2. HaCTyNMHuU#R
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Exercise 2. Reud, translate and give the gist of text 1.
Text 1. BASIC CONTROLS OF HELICOPTER

A helicopter pilot manipulates the helicopter flight controls to achieve
and maintain controlled aerodynamic flight. A helicopter has four
controls: the collective pitch control, the throttle control, the antitorque
control, and the cyclic pitch control.

The collective pitch control is usually found at the pilot’s left hand. It
is a lever that moves up and down 1o change the pitch angle of the main
rotor blades. Raising or lowering the pitch control increases or decreases
the pitch angle on all blades by the same amount. An increase in the pitch
angle will increase the angle of attack, causing both lift and drag to
increase and causing the rpm of the rotor and the engine to decrease. The
reverse happens with a decrease in pitch angle.

Because it is necessary to keep rotor rpm as constant as possible, the
collective pitch control is linked to the throttle to automatically increase
power when the pitch lever is raised and decrease it when the pitch lever
is lowered. The collective pitch control thus acts as the primary control
both for altitude and for power.

The function of the throttle is to regulate engine r.m.p.
The throttle control is used in conjunction with the collective pitch control
and is an integral part of its assembly. The throttle control is twisted
outboard to increase rotor rpm and inboard to decrease rpm.

The antitorque controls are pedals linked to operate a pitch change
mechanism in the tail rotor gearbox. A change in pedal position changes
the pitch angle of the tail rotor to offset torque. As torque varies with
every change of flight condition, the pilot is required to change pedal
position accordingly. The antitorque control does not control the direction
of flight.

It was stated above that the lift/thrust force is always perpendicular to
the plane of rotation of the rotor. The cyclic pitch control, a stick-type
control found to the pilot’s right, controls the direction of flight by tipping
the plane of rotation in the desired direction. The term cyclic derives from
the sequential way each blade’s pitch is changed so that it takes the tlight
path necessary to effect the change in direction.
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Exercise 3. Form antonymous adjectives from the following words by
adding negative prefixes: -in, -ir, -dis, -im, -un, -il and translate them.

Active, able, capable, relevant, formal, dependent, direct, legal, safe,
necessary, logical, possible, efficient, visible, practical, measurable,
secure, regular, predictable, usual, responsible, probable, reliable.

Exercise 4. Translate the derivative chains.

Accomplish — accomplished-accomplishment; accuracy — accurate —
accurately; achieve-achievement — achievable; combine — combination —

combined; compare — comparison — comparative — comparatively;
define-definition — definite — definitely; fail — failure; harm
harmful-harmfully; innovate — innovator — innovation —— innovative;

limit-limitation ~-- limited; period — periodical — periodically; save —
safe — safety-(un)safe — safely; separate — separation — separately; use —
user — useful — usefully.

Exercise 3. Find English equivalents in text 1.

Oprauu ynpasniHHA; KyT Haxuwly jJomareii; KyT aTaku; 3BOpOTHa Jif;
JIONAaTi HECHOIO FBHHTA; MEXaHi3M 3MIHH KPOKY; PEayKTOp XBOCTOBOIO
I'BUHTR; KEPYBaHH: 3a JOTIOMOr0I0 BaXells; BaXilb 3araibHOro Kpoxy.

Exercise 6. Translate the verb combinations from texi 1.

To change pitch angle; to lower pitch control; to be linked to the
throttle; to automatically increase power; to act as the primary control; to
regulate engine r.m.p.; to be used in conjunction with; to be
an integral part of the assembly; to operate a pitch change mechanism; to
offset torque; to change pedal position; to tip the plane of rotation; to
control the direction of flight; in the desired direction; to take the flight
path to effect the change in direction.

Exercise 7. Complete the following statements based on text 1.

1. A helicopter pilot manipuiates the helicopter flight controls to
achieve and maintain ..... . 2. The collective pitch control is usually found
at ..... . 3. Raising or lowering the pitch control increases or decreases
..... on all blades by the same amount. 4. An increase in the pitch angle
will increase ..... , causing both lift and drag to ... and causing the rpm of
the rotor and the engine to ... . 5. The collective pitch control acts as .....
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both for altitude and for ... . 6. The function of the throttle is to ..... .

7. The throttle control is used in conjunction with ..... . 8. The antitorque
controls are pedals linked to operate ..... in the tail rotor gearbox. 9. The
lift/thrust force is always perpendicular to ..... 10. Thecyclic pitch

control controls the direction of flight by tipping .... .
Exercise 8. Ask questions about missing information in exercise 7.

Exercise 9. Answer the questions on text 2.

1. What does a pilot use the helicopter flight controls for? 2. What
controls does a helicopter have? 3. Where is the collective pitch control
usually located? 4. How does a lever of the collective pitch control move?
5. Does raising the pitch control increase or decrease the pitch angle on all
blades by the same amount? 6. How are the pitch angle and the angle of
attack interrelated? 7. How important is the collective pitch control in
controlling the flight? 8. What is the collective pitch control linked to?
9. What is the function of the throttle? 10. Is the throttle control twisted
outboard to increase or decrease rotor rpm? 11. What are the antitorque
control pedals linked to? 12. What controls the direction of flight by
tipping the plane of rotation in the desired direction? 13. What does the
term cyclic derive from?

Exercise 10. Give definitions of the following terms.

Flight controls, collective pitch control, throttle control, antitorque
control, cyclic pitch control, pitch angle, angle of attack, pitch lever.

Exercise 11. Fill in the blanks with proper prepositions: te, at, up,
into, with, in, of, by, above, down, downward. Translate the sentences.

1. The collective pitch control is usually found ... the pilot’s left hand.
2. The collective pitch control is a lever that moves ... and ... to change
the pitch angle ... the main rotor blades. 3. The reverse happens ... a
decrease ... pitch angle. 4. The collective pitch control is linked ... the
throttle to automatically increase and decrease power. 5. The
throttle control is used ... conjunction ... the collective pitch control and
is an integral part ... its assembly. 6. A change ... pedal position changes
the pitch angle ... the tail rotor to offset torque. 7. The lift/thrust force is
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always perpendicular ... the plane of rotation ... the rotor. 8. The cyclic
pitch control controls the direction ... flight ... tipping the plane of
rotation ... the desired direction. 9. In normal powered helicopter flight,
air is drawn ... the main rotor system from ... and exhausted ... .

Exercise 12. Memorize the basic vocabulary to text 2.

forward flight

NpAMOJNIHIHHMIA/TOPU3OHTANLHHIL MOMIT

deviation BiAXWNIEHHA (6i0 KypCy, Mapupymy)

attitude TIOI0XEHHS JIiTaka B TOBITPi

cyclic PY4Ka KEPYBaHH:A (28UHMOKPUNOM)

drift (biune) 3HeceHHs

heading Kypc

fixed-wing JiTanbHMi anapat 3 HEpYXOMHUM KPUJIOM
aircraft

pitch down\up

OMyCKaTHCA/MiAHIMaTHCA

climb

1. Habip BHCOTH, NigHOM
2. HabMpaTH BUCOTY, MiAHIMaTHCA

induce BHUKJIMKATH; MPU3BOAMTH (00 Yozoch)

descend IHUKYBATHCA

rotary-wing IBUHTOKPHIIKIA NiTANbHUIT anapat
aircraft

autogyro ABTOXKMP

exhaust 1. BUIycK, BUXJIOT

2. BUNYCKATH

relative wind

BIZHOCHHII NOTiK, Habiraroumii noTiK

engine failure

BiIMOBa JBHIYHA

single-engine
helicopter

OQHOMOTOPHHIA I'BUHTOKPHI

means

3acib

type certificate

ceprudikar Tany
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Exercise 13. Read, translate and give the gist of text 2.
Text 2. HELICOPTER BASIC FLIGHT CONDITIONS

There are three basic flight conditions for a helicopter: hover,
forward flight and autorotation.

Hover. Some pilots consider hovering the most challenging aspect of
helicopter flight. This is because helicopters are generally dynamically
unstable, meaning that deviations from a given attitude are not corrected
without pilot input. Thus, frequent control inputs and corrections must be
made by the pilot to keep the helicopter at a desired location and altitude.
The pilot’s use of contro! inputs in a hover is as follows: the cyclic is used
to eliminate drift in the horizontal plane collective is used to maintain
desired altitude; and the tail rotor or anti-torque system pedals are used to
control nose direction or heading.

Forward flight. In forward flight, a helicopter’s flight controls behave
more like those in a fixed-wing aircraft. Moving the cyclic forward makes
the nose pitch down, thus losing altitude and increasing airspeed. Moving
the cyclic back makes the nose pitch up, slowing the helicopter and
making it climb. Increasing collective (power) while maintaining a
constant airspeed induces a climb, while decreasing collective (power)
makes the helicopter descend. Coordinating these two inputs causes
airspced changes while maintaining a constant altitude. The pedals serve
the same function in both a helicopter and an airplane, to maintain
balanced flight. This is done by applying a pedal input in tbe necessary
direction.

Autorotation is a state of flight in which the main rotor system of
a helicopter or other rotary-wing aircraft turns by the action of air moving
up through the rotor, as with an autogyro, rather than engine power
driving the rotor. The most common use of autorotation in helicopters is
to safely land the aircraft in the event of an engine failure or tail-rotor
failure. It is.a common emergency procedure taught to helicopter pilots as
part of their training,.

In normal powered helicopter flight, air is drawn into the main rotor
system from above and exhausted downward, but during autorotation, air
moves up into the rotor system from below as the helicopter descends.
Autorotation is permitted mechanically because of both a freewheeling
unit, which allows the main rotor to continue turning even if the engine is
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not running, as well as aerodynamic forces of relative wind maintaining
rotor speed. It is the means by which a helicopter can land safely in the
event of complete engine failure. Consequently, all single-engine
helicopters must demonstrate this capability to obtain a type certificate.

Exercise 14. Translate the following terms and word combinations.

Flight conditions, hover, forward flight, autorotation, control input,
cyclic, plane, anti-torque system, nose direction, heading, fixed-wing
aircraft, climb, descent, rotary-wing aircraft, main rotor system, autogyro,
single-engine helicopter, aerodynamic force, freewheeling unit, engine
failure, collective power, pedal input, balanced flight.

Exercise 15. Find English equivalents to the following terms and word
combinations in text 2.

VMoBa MONbOTY; TNOJOMKEHHA JliTaka B NOBITpi; JiiTanpHMil anapar 3
HepyxoMMM KpuiaoM; (0OidHe) 3HECEHHS; TBHHTOKPHIWIA JiTaJbHUHA
arapar; ceptudikar Tumny; npaMoiHiiHui nosmir.

Exercise 16. Give definitions of the following terms.
Flight conditions, hover, forward flight, autorotation, climb, descend,
heading.

Exercise 17. Distribute the information below in the columns to
describe three basic flight conditions.

Hover Forward Flight Autorotation

The tail rotor or anti-torque system pedals are used to control nose
direction or heading; moving the cyclic forward makes the nose pitch
down; increasing collective power while maintaining a constant airspeed
induces a climb; the main rotor system of a helicopter turns by the action
of air moving up through the rotor; to safely land the aircraft in the event
of an engine failure or tail-rotor failure; the cyclic is used to eliminate
drift in the horizontal plane; decreasing collective power makes the
helicopter descend; moving the cyclic back makes the nose pitch up;
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a freewheeling unit allows the main rotor to continue turning even if the
engine is not running; aerodynamic forces of relative wind keeps
maintaining rotor speed; the most challenging aspect of helicopter flight.

Exercise 18. Say whether the following sentences are true or false.
Correct the false ones.

1. Some pilots consider hovering the most challenging aspect of
helicopter flight, because helicopters are generaily dynamically unstable.
2. In hovering dcviations from a given attitude are corrected only by pilot
input. 3. The cyclic is used to eliminate drift in the horizontal plane.
4. Collective pitch control is used to control nose direction or heading.
5. In forward flight, a helicopter’s flight controls behave differently from
those in a fixed-wing aircraft. 6. The pedals serve the same function in
both a helicopter and an airplane, to maintain balanced flight. 7. The most
common use of autorotation in helicopters is to safely land the aircraft in
the event of an engine failure. 8. In normal powered helicopter flight, air
moves up into the rotor system from below as the helicopter descends, but
during autorotation air is drawn into the main rotor system from above
and exhausted downward. 9. A freewheeling unit allows the main rotor to
continue turning only if the engine is running.

Exercise 19. Put key questions on text 2.

Exercise 20. Open the brackets using the verb in the Present Indefinite
Active or Passive.

1. A helicopter pilot (to manipulate) the helicopter flight controls to
achieve and maintain controlled aerodynamic flight. 2. The cyclic (to use)
to control the main rotor in order to change the helicopter’s direction of
movement. 3. The anti-torque pedals (to locate) in the same place as
the rudder pedals in an airplane, and (to serve) a similar purpose.
4. Applying the pedal in a given direction (to change) the tail rotor blade
pitch. 5. Helicopter rotors (to design) to operate at a specific rotational
speed. 6. The throttle (to control) the power of the engine, which (to
connect) to the rotor by a transmission. 7. Some pilots (to consider)
hovering the most challenging aspect of helicopter flight.
8. Frequent control corrections must (to make) by the pilot to keep the
helicopter at a desired location and altitude. 9. In forward flight, a
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helicopter’s flight controls (to behave) more like those in a fixed-wing
aircraft. 10. The pedals (to serve) the same function in both a helicopter
and an airplane, to maintain balanced flight.

Exercise 21. Translate the following sentences into English.

1. ITlinor rBMHTOKpUNA KEpye CHCTEeMaMH YIPAB/IiHHS MOABOTOM ANA
JOCATHEHHA Ta NIATPMMAHHA KOHTPOILOBAHOTO AEPOAMHAMIYHOrO
nonsotTy. 2. YOpasniHHA COUIBHMM KPOKOM -— II€ Baxilb, AKuil
PYXa€TbCsA Bropy i BHM3 IIA 3MIHH KyTa Haxuily foniateil rolloBHOro
poropa. 3. YmpaBriHHs CIiTBHUM KPOKOM MOB’s3aHE 3 ApOCeEneM ans
aBTOMATHYHOTO 30iNMbLICHHA NOTYXHOCTI NPH NiAHATTI BaXens BUCOTH.
4, Qyukuiz apocens — perynosatd npodir asuryda. 5. VnpasniHesa
TATO0 BUKOPUCTOBYEThCA CMIMBHO 3 YNPABIiHHAM CIIUTLHMM KPOKOM, i €
HEBil'¢MHOK YacTMHOI HOro KOHCTPYKUii. 6. YNpaBniHHA LMKNi<HHM
KPOKOM KEPY€ HANPAMKOM MOJLOTY, BiIXHIAIOUH IUTOWKMHY 0bepTaHHs B
norpibHoMy HanpsMky. 7. [CHYlOTB TpH OCHOBHI DEXHMH I110/ILOTY sl
BEPTO;TbOTA: TIPAMOJNIHIAHUA NOMIT, 3aBuCaHHA i aBroporauii. 8. Pyuxa
ynpas/iHHA TBHHTOKPUIOM BHKOPHCTOBYETBCA I YCYHEHHs npeiidy B
rOpU3OHTANbHIA mnommHi. 9. Baxine Jjonarei HecHOro TrBUHTA
BUKODUCTOBY€ETBCS [JI1 MiATpUMaHHA OaxaHo! BucoTH. 10. Tlegani
XBOCTOBOro poropa abo cHCTEMM MpOTHOOEPTOBOrO  MOMEHTY
BHKOPHCTOBYIOTLCS 1A YIIPAB/IiHHS HOCOBUM HampsMKOM alo KypcoMm.

Exercise 22. Compose a dialogue on the basis of text 2. Speak about

three basic flight conditions for a helicopter: hover, forward flight and
autorotation and the way they are achieved and maintained.
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