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Lesson 1

Early Ideas about Helicopters

Military and Technical Terms in the Text

helicopter F F#L prototype JR &Y
rotor blades 3giH: autorotation H B ek
aeronautics i 535 biplane X{E KHL
torque reaction fA%H hover &%

- fuselage #5 - outrigger 738
autogyro JEE KL tail rotor B3
the Royal Air Force 3 [E 2 2825 ZE3FEA

Text

Early Ideas about Helicopters

The helicopter is not such a modern invention as many people think. As long time ago as
the year 1490 one of the greatest inventors the world
has ever known, Leonardo da Vince®, drew plans
for a flying machine, which was to screw itself ver-
tically up into the air by means of® a rotating spi-
ral vane. ‘

Long before this, there are records of an

ancient Chinese toy with which children used to
play. It was made of cork and bamboo, with feath-
ers for the “rotor blades” , and could be spun to fly like a bird. A somewhat similar toy was
made by two Frenchmen, Launoy and Bienvenu, in 1784, and was demonstrated to the French
Academy of Sciences®, where its performance created quite a sensation®.

About sixty years later, Sir George Cayley, who is known as the “Father of British Aero-

Leonardo da Vinci: ML - ik - %
by means of : 3@ 2% ; Al ; (5B T
French Academy of Sciences: 2 H#H¥ bz

create quite a sensation: 5| A X KKED)
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nautics” , designed a rotating wing aircraft
which resembled a duck in shape and was to
be lifted by two pairs of eight-bladed rotors
driven by a steam engine. Equally fantastic
designs were proposed by other inventors
from that time right up to the early 1900’ s.

(DWhat is not clear from da Vinci’ s
sketch is how he intended to counteract Sir George Cayley’s rotating wing project(1843)

what is known as torque reaction. This tech-

nical term is easy to understand, because, when an engine drives any rotating mechanism, the
engine itself always tends to turn, with its mounting, in the opposite direction to that mecha-
nism which is being driven. A good example is an electric drill. (2)When it is held in the hand
and switched on®, a force can be felt which tends to turn the body of the drill in the opposite
direction to that in which the armature of the motor is spinning. This force is called torque re-
action.

In the case of® the helicopter, where the en-

‘r‘-‘ﬂ?}'afm gine is mounted in the fuselage to the rotor, if
.

direction of
rotation

nothing were done to stop it, the torque reaction
would cause the fuselage to spin round in the oppo-
site direction to the rotor whilst the machine was in
flight. Obviously, the pilot could not fly the heli-
copter if this happened, and the various methods
employed by engineers to overcome torque reaction
tail rotor thrust are responsible to a large extent® for® the wide va-

o correct torque

riety of different helicopter designs which can be
i seen today.

@ Of all the inventors whose names are associ-
ated with® rotating wings, two are outstanding. One was Juan de la Cierva, a Spanish engineer
who, in 1923, developed the first successful autogyro. This was the first type of rotating wing
aircraft to be developed beyond the prototype stage, and many were flown by private owners
and the Royal Air Force before 1939. The other inventor was Igor Sikorsky, who was among

the pioneers of helicopter construction in Europe as early as 1909. Later, he became famous as

switch on; Ff

in the case of ; - U, X TF

to a large extent: fR KR F I

be responsible for: %t %

be associated with: 5--- BB R, 5--- FHRHiS

®©® e 6 e
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a designer of fixed-wing aircraft and the company he founded is now one of the leading helicop-
ter constructors in the United States of America.

Cierva’s contribution to rotating wing science was to pave the way for® practical helicop-
ters by solving, with his autogyros, all the basic aerodynamic problems of rotating wing sys-
tem. The inability to fly safely at very low speeds was, and still is, one of the most serious dis-
advantages of the fixed-wing aeroplane. Cierva’ s aim was to design a safe flying machine
which would not stall and crash when its speed through the air was reduced to zero. (DHe a-
chieved his objective by discovering the principle of “autorotation” , which is still the founda-
tion upon which all helicopter flight depends.

Earlier inventors had assumed that, to develop “lift”, the rotors had to be power-driven
with the blades set at a high angle of pitch, or twist. The only non-power-driven rotor which
was known at that time was the windmill, the blades of which were set at a negative angle of
pitch and could not develop lift.

Cierva’ s basic discovery was that between these two extremes there was a small posi-
tive angle of pitch at which the blades could be set to ensure that the rotor would continue
to rotate automatically in an airstream, without an engineer to drive it, and develop enough
lift for sustained flight. He termed this phenomenon * autorotation’. At this angle, the
blades would not begin revolving in the airstream of their own accord, like windmill
blades. They had to be set in motion® by some mechanical means. But once started, rota-
tion continued automatically at a constant speed provided a continuous airsiream was kept
flowing through the rotor.

For his first experiments, in the early 1920’ s, Cierva used a small fixed-winging bi-
plane, to which he attached a single rotor mounted on a pylon above the fuselage in place of
the upper wing. The pitch, or twist, of the blades was set by a small fixed positive angle of ap-
proximately 2 degrees. To start the rotor, a rope was wound round the rotor shaft and pulled by
a number of willing helpers. The pilot then opened the throttle and the machine ran across the
aerodrome to take off into wind, just like a fixed-wing aeroplane. The forward movement of
the machine started an air stream flowing through the rotor, which kept the blades rotating. As
forward speed across the aerodrome increased, the rotor began to develop lift and the autogiro
became airborne.

Since the rotor system was not power-driven, it was not complicated by problems of torque
reaction. Consequently, the autogyro was far simpler than earlier helicopter designs, and this
contributed greatly to its success.

The main advantage of the autogyro was that it would not stall when flying speed was re-

duced. It would just lose height slowly, because the rotor continued to rotate and develop lift

@ pave the way for: Jy--- S FH B
@ set in motion: J 3}



<6 - AF MR AL

irrespective of® the machine’ s forward speed. When the airspeed was reduced to zero, the ma-
chine descended vertically like a parachute with the rotor still autorotating. (®In this case,
the flow of air up through the rotor had the same effect of keeping the blades revolving as did
the airstream when the machine was being pulled through the air in level flight by the propel-
ler.

The autogyro rotor developed enough lift to maintain height at forward speeds as slowly as
25 m. p. h. but, because its rotor was not power-driven, it had one big disadvantage. It could
not hover motionless in the air at a constant height as can a helicopter.

Sikorsky ’ s contribution to rotating wing progress was quite different from Cierva’s, but by
no means® less important. As the basic theory of rotating wing aerodynamics became more
widely known in the early 1930’ s, many fresh attempts were made to build helicopters. To
mention only a few of the inventors, there was Breguet in France (1936), Focke in Germany
(937), and Weir in Britain (1938). All built machines which were capable of hovering
flight. But they all suffered from® one apparently insurmountable handicap.

To overcome torque reaction from the power-driven rotor, and so prevent the fuselage from
spinning, their designers had been forced to use two rotors of equal size revolving in opposite
directions so that the torques balanced each other. The Breguet helicopter had the two rotors
placed co-axially, one above the other. The other two machines carried the rotors side-by-side
on outriggers from the fuselage.

©®It was Sikorsky who first proved it possible to design a helicopter with a single lifting ro-
tor as in Cierva’ s autogyros. The torque reaction was balanced by means of a small vertical tail
rotor, which exerted a side thrust at the end of the tail boom. With only one main rotor, the
mechanical transmission was less complicated than in earlier multi-rotor arrangements and the
machine he built in1939 to demonstrate this principle, the VS-300, was so successful that it
put all previous helicopters completely in the shade®. It was recognized that here, at least,
was a design capable of being developed into a practical vehicle. The age of the helicopter had

arrived.

New Words

helicopter /’helikopta/n. HFH( &) spiral /'spaioral/ adj. HBEEI A
P, EFHHL vane/vein/ n. (X% MRIEXFH)
screw /skrur/ vi. ¥30, §E, ¥ B,omi

vertically /’vartikolli/adv. I H #l rotor /‘rauta/ n. ( EHPLE) /KFE
@ irrespective of: NJE--- ) ; N IE - ;A8 HY

® by no means: AN, —HHBA

® suffer from: 8%, &H

@ put...in the shade. i3 ABEILFHIE W4, (- BEAR KA
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e

blade /bleid/ n. 3 ; (HEFHAFH) H#

spin /spin/ v. e,

aeronautics /gora’noitiks/n. fLTF

torque/taik/n. HIE, 4

drill /dril/n. B5LHL, 5T

armature/ ' armatjua/n. (L3 ¥l . &K H
BLI) o1 s

fuselage /'fjutzilaiz/n. KHLHLE;
BLAE

autogyro / o1tou’dzaiorau/n. JER
KAl

prototype /'proutataip/n. Ji%)

aerodynamic / \eoraudai’neemik/adj. %5
RS

stall /storl/vi. ( KAL) KRB, f K

autorotation / o:taurau’ teifon/n. B3l
WekE, A% BRET R

windmill /'windmil/n. X%

negative /'negotiv/adj. HEM, HK
1, B, BHPER

Notes

ensure /in’ fuo/v. WifR, HafR, HRE

accord /o'kord/n. —3, &, WA,
e

biplane /’baiplein/ n. 3 KHl, &
AL

shaft /[a:ft/n. B, FFRY)

throttle /'Oratl/n. F7HLIR ;YA ;
R

aerodrome /'earadroum/n. K#Li7,
iR

airborne /’gaboin/adj. FEH), &
ey, SRR

parachute /'perafuit/n. [E#E:

propeller /pro’pelo/n. BEHEIL ; {48

hover /'hava/v. #LHE

insurmountable /ins3’mauntabl/adj.
RS, FIEER

handicap /'heendikep/n. [5G, FHES,

outrigger /’autrigo/n. [ %5 ] ( Z# ML
EHIM) SR

Pl

(DWhat is not clear from da Vinci’ s sketch is how he intended to counteract what is

known as torque reaction.

(1) AR BB “what” 5] 2 A, B — DM REFIEN, B AR ER

A,

(2) A5 how” 5| BN R FIFE NG o
[ - FAREETE AN AEE, SRR M s iR BE “ H

(@ When it is held in the hand and switched on, a force can be felt which tends to turn the

body of the drill in the opposite direction to that in which the armature of the motor is spinning.

AR B which” 51 IR &2 78 AT, 35— which” &4 “ a force” ; 5
—A~“which” {8 1i“that” , #84 K e BH KI5 11 o

[ BESC] SR TR BT I IT 56 L4

16] A BB T T e s i 1

RS AR BRI SRk RS Ty

@Of all the inventors whose names are associated with rotating wings, two are outstanding.

“of all. .. " B— AR, R “TETHI - P,
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[3#3C] SR RMBIFRTE R RT AR TR

(@He achieved his objective by discovering the principle of “autorotation” , which is still
the foundation upon which all helicopter flight depends.
A —“which” 5| FAEFR 1 € & M 4], 8 “ the principle of  autorota-
tion” ” ;% — 4 “upon which” 5| 5 FR4H: 218 M A)EM “ the foundation”
[P MSEBl T Ml B AR, BT R BT H shiieds” IR B R R BT A BT
KATH RIS
(®In this case, the flow of air up through the rotor had the same effect of keeping the
blades revolving as did the airstream when the machine was being pulled through the air in lev-
el flight by the propeller.
“ as did the airstream” {1 “ as” 5| F— 4 K B MA], # 24 T that, fH T the same,
such 22 Jii , 84X effect, Rn " - AR Ak, h—#F" X B — (BB E MW, EH WIBFH
“as the airstream did” ,
[ 330 st iy b BE R A SR AT AL st B S — PR AR AT UGRS3
A EHER
®1t was Sikorsky who first proved it possible to design a helicopter with a single lifting ro-
tor as in Cierva’ s autogyros.
(V) A4 AR a R, R EiE, e “h is(was). . . that(who) ",
(2) Mgy “it” ATEREE , HIEMREE RGN € 5.
(RSCI RS —MER T 3R — RO R B3 E R CHILK SRR
HIPLR AT A7,

Topics for Discussion

1. What is a helicopter?

2. What is torque reaction? What will happen if we don’t counteract it?
3. What was Cierva’s contribution to rotating wing science?

4. What was Sikorsky’ s coniribution to rotating wing progress?

5. How did later designers do to overcome torque reaction?

6. Why did so many people design and develop helicopters? Give your reasons.
Task-based Use of English in Military Studies

How to Use Dictionaries

It is helpful for you to own a dictionary when you want to learn English. When you have
doubts about the pronunciation, spelling and meaning of a word, you should look it up in a dic-
tionary.

The pronunciation of a word is shown in International Phonetic Symbols in many dictiona-
ries. A dictionary entry shows the parts of speech of a word, the transitive or intransitive use of

a verb, the plural form of an irregular noun, and other forms a word may have. The history of
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a word is given in some bigger dictionaries.
The definitions, together with examples or illustrations, usage labels and notes are also
given in a dictionary. You should study the definitions given in English instead of depending on

Chinese translations for the understanding of the exact meaning of an English word.

The Task

Look up the new words in an English-English dictionary and learn their English defini-

_ tions.
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Yo HAA RUES — R E AR R R R R E /DB AR E L P, BT R
A —ERER WAL S LRI I S e RS 28 2, 1939 Mkl VS -300
TRHLUESE TR, VS - 300 MBI ERTA Z AT ELFHILBE R k6. AFTARBIXER
— R BB R R BN KR RS, BEAPIEHORIG T .



Lesson 2

The Evolution of Helicopters

Military and Technical Terms in the Text

swashplate 3% liaise BE4%
cyclic pitch control B R4+ Skylark $:EH“ =4 HFHL
vertical take-off and landing F H % Soviet M -1 #:6 -1 EHFH#HL
flight performance “&fTH:fE transport aircraft ;Z#iHL
service life {# F & aircraft guns 4
take-off weight & KEH & command F53%E
cruise 3 )i payload i £
maneuver ability HL3IEE 17 armed helicopter 3% B F-#l.
rescue R(1% anti-air fire P23 4k

Text

The Evolution of Helicopters

(DAlthough fixed-wing aircraft receive all the attention by most historians, helicopter
flight was the first flight envisioned by man. In fact, the
ancient Chinese were playing with a hand-spun toy that
rose upward when revolved rapidly and as early as® the
mid 1500’ s, the great Italian inventor Leonardo Da Vinci
had used his fertile mind to make drawings of a machine
that we now know as the helicopter.

His design, like many others to follow, would work
theoretically but would have been impractical in full-

sized form.

Many extraordinary models were developed by an ever increasing number of great think-
ers, but all the pioneers were missing two essentials: a true understanding of the nature of lift
and an adequate engine.

@D as early as; BL{F



