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Preface

iегоsрасе lnstifute Aviation program prides itselfon а соrе strong 1iberal arts education suTounded
: , : T.oсused, comprehensive рrоfеssiопаl education in aviation. Тhе Аеrоsрасе lnstitute has intemships
- : mап)/ different companies in the aviation industry including aiтlines, aiTports, colporate flight de_
::=nents, fixed base ореIаtоrs, and aviation iпsuталсе companies and aircraft manufacturers, We are
.,s.' опе оf tlre few instihrtes of National Aviation Universiф that dеliчеrs ful1 уеагs оfап Englislr 1an_

_:jase as а requirement in all ofоur deglee pToglams.
\\ie use the real aircraft in the trairring plocess алd appтopriate equiprnent foT maintenanco and diag_

nostics, and оthеr tools like the information technoloýes оГап aircTaft life cycle strpport. We аrе the only
aviation institute with its own hangar and aviation technical base in the domestic афоrt.
We аrе а large institute with а sЙеаЬlе faculý who have а rvide variety ofprofessional background ех_

реriепсеs including gеlеrаl aviation (aviation maintenance, FВО management, flight insftuction, charteT
operations, апd Ьush flying operations), pilots training, airlines mапаgеmепt, aviation law, aviation hu_
matr factors, афоft management.

Ву definition the education ofprofessional aviation technicians, specialist in the area oftechnical di-
agnostics, airport specialists must include extensive hands оп leaming соmропепt. Maintenance, Tepair
and diagnostics о:Г state ofactual аirсrаГt and use of appropriate technical and computeI tools are utjlized
i:r the "Aerospace fundamenlals" рrоgrаm, Тhе счп,iсчlчm Telies on extensive use of di{lЪrепt leamine
teclrnologies: lectures, laboratory works апd familiаtization practice.

The whole course consists of three moduies. Тhе first module is devoted to tlre aviation. lt includes
historical faots, general irrformation about афlапеs and helicopters, reviews the фреs ofthe desip ofan
aircraft in whole, and thе specifics of its elements.

Tlre second module is devoted to the design and principles of fliglrt the airships, gliders and free fliфt
hot aiT balloons.

The third module is devoted to the space ехрlоrаtiоп рrоgrаms, space vehicles and principles of their
flight.
This methodical guide supports the practical and labolatory sessions on the first module.

Each t]reme oxamination consists оf thrее stages. On the first stage sh.rdents Ьесоmе fami]iar u,ith the пеw
notions and terminology, оп the second sИge they study the 1echnical characteristics of the element, gen-
еrа1 design and principles of its functioning. The third stage is devoted to йе investigating of elsmentý of
different фреs ofaircraft, and their components (fuselage, willg, tail цnit, landing geaT) in harrgar.

Students hаче the oppoгtuniý to consolidate theiT leaming outcomes dшtпg the sчmmеr familiariza-
tion practice, which takes рlасе in Training Aviation Technical Base of National Aviation Uпiчегsitу in
the domestic аirроrt Zhulyarr_v. ТЪе sessions of fаmiliаrйаtiоп practice focusing on aiTcraft elemeots
investigations, collecting and analyzing data about their characteristics, similaгities and differences for
different types of аirсrаft.

The рrореr exeTcises оf this guide are used Ьу students during the familiarization practice.



Тhеmе l. General deýnitions апd notions, aviation terminology

1.1 Brief дчiаtiоп history, designeгs.

Тhе history of huпап attenrpting to fly takes thousalrds ofyears. FiTst mап made objects, wlrich could

fly weTe kites ant1 фе earliest known rесоr<i of flying kite is fTorn aTound 200 вС iri China. А ftrmuus genius

of rerrui*sanc" регiоd Lеопаrdо da Viлсi dreanrt through а11 h.is entire 1ife to fl_v, and found expression iп

severa1 designs wlrich wеrе not constnrctec1 arr<l realized. ln the late 18th cenhrry ballooning Ьесаmе а mаjог

rage in Еuфе a-rrd on осtоЬеr 19th оf 1783 the Montgoflier brothers latrnched the first humап nrannedbal_

loon with humапs onboa:-d iп paris. оf couTse there wеrе attempts to fly on а lreavier than аir machines like

Frenclrman Jеап-Vlаdе Le Bris clid in 1 856 on lris giider "L'Albatros artificiel". Не achieved а l-reight of 100

tтеtеrs очеr а distance ог200 neters, while lris glider was pulied Ьу а lrotse. In 1899 Регсу Рilсhеr Гrопr the

united kingdom сопslruсtесl а pfototype porvered аirсrаft, which rесепt lesealch has shown, rvou]d l]ave

been capable ol{liglr1. hоwечеr Pilclrer died in а glider accident ЬеfЬrе he ч,аs аЬlе to test his pтototype.

ь 1ýoo-t9t+ began tlre "Pioneer Ега" оf пrоdегп aviation. Ferdinand voti Zeppelin began his Zeppelin

aiTslrip construction in 1899 witlr а length of 128 rrreters, driven Ьу two l0.6kW Daimler engines. ýis flrst

flight оссuгrеd оп July 2, 1900 lоr 18 min-

utes.

The Wright brothers арреаr to Ье the fil,sT

design tеаm 1о make sеriоus studied attempts

to sinultaneously solve the power апd corr-

tTol protrlems. Тhеу made the first strstained

controlled md heavier-tlran-air manned fliglrt

on December 17, l90З. Тhе firs1l1ight Ьу Оr-

ville Wrigllt of 37 rn iп 12 seconds lvas re-

corded irr а fашоus photograplr (fig.2). Inthe
fourtlr fliglrt of the same day Wilbour Wriфt
flew оп their Ьiрlсurе 260 m in 59 seconds.

The first time mаппеd helicopter роwеrеd
Ьу а steam engine was developed Ьу Епriсо Eig. 1. The first flight Ьу Orville \\iight оп December 17, 190з

FЪrlапiпi in l{77. It rose to а height оf 1З meters, wherc it remained for sotne 20 seconds, alteT а vertical

take-olT Ёоп а раrk in Milan. Gotden Дgе of aviation began in 1918- 19З9 - 1hе уеагs between Цъrld War I

and Wrэr]d War 1l u,hiclr sarv gTeat advancemenls in аiтсrаГt technology. High-poweTed monopla:res made

ol alumirrium, based on tlre i6unding woTk ol'Hugo Jurrkers during tl-te WoTld War ] реriоd replaced tlrose

ma<le frоm woo6 апсl labric iow-porvererl biplanes. worid war 11 salv а drastic bcrease in расе of aircraft

development and prodtrction, like the ýtst frшrctional jetplane - Hefukel Не 178. flowTl Ьу Ericlr Warsitz.

Blrt rroi опlу the фlur.". had а rapid development cluring а World War 1I. Helicopters Focke Achgelis Fа

22З. FlettneT Ft 282 and Sikoгsý R-4 u,ете intro<luced dtrring tlris period. lgor lvalrovich Sikorsky was

а ukrainian-дmerican pioneer оf aviation and lrelicopters. lvlro designeci and flew ttre ч,оrld's first rrrulti-

engine fixed-wing аirстаft - Russý,Viýaz in 1913, Iп 1939 hе designed the lirst viable helicopteI vought-

Sikorsý VS-300 which тоtоr configuгation is used Ьу most helicopteTs today,

дftеr Whld Wat lI соmmегсiаl aviation grew rapidly, used mostly ex-military ajrcraft to tтanspol1 рео-

ple and саrgо. USSR's деrоllоt became 1hе RrSt airline in thе rvorld to opeTate sustained rеgulаrjеt seivices

Ьп SерtеrтЙеr 15, 1956 with the TLrpolev Tu-l04 ijesigned iп Tupolev buTearr which was Гоцrrdеd in 1922

Ьу Дпdrеi Nikolaevich Ttrpolev - designer of пrоrе than 100 types of aircraft, some оl whicil Set 78 lvorld

rесоrds. Boeing 707, ll,hiclr established nelv levels of comfoTt, safety and passengel expectations dйbed

the jet Age.
Iп осiоЬеr 1947 Сhuсk Yеаgеr took thе rocket powered Bell Х-1 Ьrоkе sound barTier. In 1960 The

Lockheed д-t2 was tlesigner1 at Lockheed Sl*urrk Works 1Ьr the Сепtrаl lntelligence Agency Ьу Сlеаrепсе

Johnson. It was tlre рrесursоr of tlre SR-71 "Blackbird' wlrich is the r.vorld's fastest and highesbflying

operationa] rTanned аirсгаft tl.roughout its caTeer. SR-71 bToke tlre vloTld Tecold in its class - 25929 m of
..;bsolute aititude rесогd" atrd "absoltlte speed rесогd" оГЗ529.6 km,&. Ауеаr of 1969 was vеry еvеl]tГul iof

aviation history. This year Bгitish VTOL military аirсrаГt HatTieT sar.v the world, Neii AnTstTong and Вuzz

д]dTirr set fbot oir the Moon, Boeing unveiled the Boeing 747 antJ the Аеrоsрасе-ВАС] Concorde sLtpet,sonic

passenger аirliпеr lrad its maiden fligiit.



Practical апd lalroratory activiý

1. What was the fust in history mап made object that could fly? (mark the checkbox with пumЬеr of
coffect anýwef)

1. Aba1loon 2. А dirigible
З. AHte 4. А helicopter

Еоо
5. А glider 6. А rocket

7. An airplane 8. А Space Shuttle

2. Who was the fifýt mап, t}at conquered the speed of sound iп an aircraft?

l. Нчяо Junkers 2. Buzz Дdriп
3. Orville Wisht 4. Chuck Yеаяеr

5. Еriсh Wаrsiй 6. Nefl Armstrong 9
ьо7. Wilbour Wright 8. Iяоr Sikorsky

3. What did Montgoflier brothers lаiшсh, that is hчmап mаппеd, Гоr the first time in history?

1. Akite 2. А bal1oon

3. А diliфble 4- А rocket
Фl

(.)

5. А рарет aiTplane 6. А supersonic aiTplane

7. А helicopter 8. А Concorde

4. How do you think, \л/hаt type of ап афlапе did Wгight brothers build?

I. Biplane 2- PaTasol

3. Monoplane 4. Ro&et рlапе

F
6U

5. Triplane б. Multiplane

7. Опе and half plane 8. Iet airplane

5. Connect two Telated terms

Wright .
Sikorsý.
Bell Х-1 .

Kite .
Montgoflier .

YTOL.
Buzz Дdrin .

Tupolev .
DirigiЫе .

си.

. Helicopter

. supersonic

. Harrier

. Moon

. тч-104

. SR-71

. broйers

. Zeppelin

. China

. Ваllооп



Gепеrаl definitions and notions, aviation terminology

1.2 Fаmочs wоrld mапufасtuгеrs.
Тhе first aitcraft world mапufасturеr was Shor1 Brotlrers рlс. Founded in 1908, а British aefospace coln-

Pany, based in Belfast, NoTthem Ireland. Forrnded iп 1908 and was а пrапufасtшеr offlying boats duтiлg the
1920s, 1930s, and 1940s and Royal AiT Fоrсе bombers thrоughочt the Seconci Wortrl Wаr. Frоm the 1960s
Shorts turned prinrarily tо the production ofpassenger aircraft for rеgiопаl airlines, mаjоr components fot
aerospace prirne mапufасfurеrs, апd missiles fоr British armed forces. ln 1989 the соmрапу rvas bought
ЬУ Bombиdieц а Сапаdiап conglon-rerate, forrnded Ьу Joseph-Anr-rand Bon-tbardier as L'Arrto-Neige Воп-
bardiet Limitёе in 1942, at Valcourt in tlre Еаstеrп Townships, Quebec. Очеr the years it has been а lаrgе
mапu{hсturег оГrеgiопаl aircraft, business jets, mass transpottation equipment, recreational equipment and
а financial seruices provider BombaTdier is а Fоrtuпе G]oba] 500 сопglоmеmlе company. In l986, Bom-
bardier acquired Canadait after the Canadian govemment-owned аiгсmft manufactrrring соmралу had rе-
corded thе largest corporate loss in carradian business bistory. shortly thereafter, de Havilland canada frоm
Boeing, Short Вrоthеrs and Learjet operations were added. Тhе aeTospace аml now accounts for over hаlfоf
tlre company's revenue. Тhе Boeing Соmрапу is an Аmеriсап multinational aerospace аlld defense colpoTa-
tton, founded in 1916 Ьу William Е. Boeing in Seattle. WashinФon, Boeing has expanded over the years,
ШеrgiПg with McDonnell Douglas in 1997. Boeing is аmопg tire largest global аirсrаft manufactureTs Ьу

Iечепuе, orders and deliveгies, and the thild 1аrgеst
аеrоsрасе and defense confi?ctof in the world based
оп dеГепsе-те]аtеd reverrue. Boeing is 1hе largest ех-
роrtеr Ьу value in the United States. То compete With
Anrerica:r companies suсh as Boeing, McDonnell
Douglas, апd Locklreed, Airbus lndustrie begirn as а
consortium оf Еurорелr aviation fiгms. TodayAiIbus
А380 airplane is the largest passenger aidiner in the
lvorld (fig.3), but thе largest and Бbaviest aircraft that
flew multiple fimеs is Апtопоч 225. desi.gned Ьу the
Алtопоч Design Bureau in the 1980s. Antonov De-
sign Bureau, is а lIkrainian aiTcraft manufactr.iTing
алd sen{ces соmрапу, established On Мау 3l, 1946

Ьу OlegAntonov afleT being given the task oГdeveloping а new utility platre to Ье powered Ьу а 7З0_1rоrsе,

Power engine, The resulting design, the An-2. first flew in August 1947 шd was а mопumепtаl sцccess. i1,1

Spite of its antiqшated styling (а biplane with fixed landing gеаr). For thе Дл-2, Antonov and his assistamts
wеrе awarded а Stalin Prize and 100.000 rubles in 1952.

SuchAmerican companies as Gепеrаl Dynamics. Lockheed martin, Northrop Grummап, Boeing, ErTo-
pean Dassault, Alerria Aeronautica, Saab and Russian Мf&оуап*Guтечiсh, SuНloi, Yakovlev, Tupolev pro-
duce most of the military aircTaft. Еасh mапufасtцrеI lus it's best known афlалеs like Genera1 Dynamics
and Lockheed F-16 rvhich wеrе ordered mоте than
4,000, mаkirц it tlre largest and most successful
progTam fоr General Dynamics since World War Il,
Lockheed SR-71, which was the only plane to Ье
the fastest operational аiтсrаГt in the rчоrld :Гrоm the
day it entered serr"ice rurtil the day it was retked,
Nоfihrор F'- i 4 remained thе Navy's best albarormd
fighter for we1l over 20 уеаrs for its extremely flex-
ible arrd superior weapons system. Воешg апd
LocLJreed Martin F-22 - the best computerized and
intelligent fightец Dassault Rafale fighteц Saab
Gripen Гоr its advanced radaT system, Mikoyan _

Gurечiсh MiG-25 - ftе best soviet interceptoi withFig, 
4, Tupolev Tu-160

Speed ofM 3.2, Sцkhoi SU-35 having the best manoeuwability and aiT superiority till nowadays, Tupolev
Tu- 160 (8g. 4) - the largest supersonic stTategic bomberln the wоr]d with а range of 1 8000 km almost the
halfofthe EaTth's equatoT length.

Fig. 3. АirЬчs А-380



п

ргасtiсаl and laboratorv activitv

. j: .on]pany ptoduces the largest passenger air]iner?

l. \Ulrat comparies prodttce nrilitary апd civil aircraГts?

з, Connect tlvo related teпrrs.

Мiklуап-Gurечiсir .
Su-35.

Gепеrаl Dynarnics .

Strategic ЬоmЬеr .
Williarn Е. iloeing .

Short Blothers .
Arrtonor. .

F-22.
(,]\,1l .

N<rrthrор .

. F-16

.19lб

. F- 1.{

. А-380

. Tu- 1б0

. Fighter

. N'Iig 25

. Ап-2

. 1908

. Sr&hoi

4, CaicLdate the tiine. necessary fоr the largest si;personic Sfi,ategic ЬоmЬеr Тu- l60 ttl rеасlr point В
iГils cruise speed is 917 kпrh.

General defiпitions and notions, aviation tеrmiпоlоg1.

1. Boeing 2. Nоrthгор Grummап
3. Gепеrаl l)yr-rarnics 4. Saab

5. ]vlikol,an-Gurevich б.'luр,llст
,.7. Lockheeil 8, Dassault



Gепеrаl definitions and notions, aviation terminology

1.3 Аirсrаft classification: гапgе and purpose,

е l. on Ьч lntended Dtu

Militarv civil
Туре Translation Т}ре Translation

N4other aiTcTaft возгчшпый авlтаносец Passenger Пасса;кl.tрский

Landing аirсrаft ,lесантный Mai1 По,rтовый
Fighter I1стребитель A.cricultuTa1 сс":rьскохозяйственный

Fighter-bomber
Истребrrтель-
бопlбардировщик

Experimental Экспер и MeHTarrbHr,l ir

Plane / spotter Корректrrровщиlt Sапitац, Санитарный
N4ultipurpose. sрссiз1 pruposc ]\'[i]огоцепевой. сfi ециа-тьньтй Geologicai Геол(,.горазве]очIlый

lnterceplion plane Перехватчllк Firefishtins Поlкарный
Rocket саrгiеr Ракетоносец Spor1 Спортивный
Reconnaisance Разведчик Тrапsроrt Транспортныr"t

Tratrspott Транспортныr'r Тrаiпеr }'чебпо-трепировочлrыii

Frопt ]эоmЬеr Фроптовой боrrбарлировlпик

Low-ffyirg atИck р]апе Штурмовrж

То distbguislr aircrafts the classification was inrplemented, The mairr classification оfаirсrаlts is con-
sidered Ьу irrtended рurроsе and divided Ьу military and civil aircIafts. А table below (table 1) shows the
relation оГаirсrаft ýpes to their classification.

Table 1. Aircraft classificati

Апоfiеr classi{ication оГ аiтсrаГt is considered Ьу physical characteristics. take-oГl'weight capabii!
ties" engirre type, flight speed, laлiiine gеш t}pe. wings type and location and fuselage type. Дll oitlrese
aircrait types ale listed in table 2.

lahle ]- . Atrcra11 classifica tion Ьу difIerent capabiliti
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1. what mаiп classificafion types aircrafts divided оп? (put coTrect апswеr numbers into 1hе check-
Ьох).

1. Miiitary 2, Тrапsроrt
3. Fighter 4. TraineT

бФ
U

5. Reconnaissance 6. Civil
7. Agricultural 8. Passenger

2. Connect two related terms.

Wings quantity .
Engine type .

Propeller .
Fuselage ýре .

vToL.
Piloted .

Mid-wing.
Тrаiпеr .

Military.
Engines quantity .

. Double - decked

. wings location

. Fighter

. Take-off апd lan&ng

. SouTce of tkust

. Bipiane

. Double

. Control
с Piston
. Civit

3. Тry to guess, which picture оfал airplane is related to the wings location апd type.

+.,J
Gull Фpe Biplane Monoplane Parasol Triplane

4. Count tlre number of military алd civil афlапеs iп tlre universiý hangar.

Military:

5. What typcs ofairplanes аrе in the univeTsity hапgаr? Fill in the table below

Airplane name Wings type Wing location source ofthTust Engine Фре
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General definitions апd notions, aviation terminology

Atty vehicle lчhiсh is аЫе to fly Ьу being supported Ьу tlre air ог thе atnrosphere ofa plallet, can Ье called
ап аirсгаft. This type оГ maclrines counters tlre fогсе of gravity Ьу using either sвtio lift or Ьу using the
dyramic 1ift of ап aiTfoil, оr in а felv cases the dovrrward t]Tust frоm jet engines. Ап aifoil (fig, 6) is the
shape of the wing seeirrg as а closs section оf it. An airfoibshaped body moved ttu,otrglr а fluicl (tlre gas iп
aerodynamics is considered as а fluid) produces ап аеrоd_чпаmiс fогсе - the resultant fоrсе оf lift force and
dTag lorce arisin,g in а center ofpTessure and exerted on а body Ьу the fluid in which the body is irrrrr-rersed,

and is due to the relative rnotion between tlre body and the fluid. The science which shrdies the interaction of
moving body with air is called aerodyna-mics. The rnost соmmоп type оf an аirсrаГt аrе airplanes. Tl,pical
аirрlапе is shown on the picture below (ftg.S)

о

о

о

о

@ Гuu*tog*

Wing

Landing gеаr

Роwеr plant

'lhil unit

Fig.5. Culfrt rсаlп С650

An аiгрlапе consist оfпехt distinguishable parts:
. Fuseiage
. Wings
. Landing gear
. PoweT plant
. TaiI Unit

Tlrese раrts will Ье studied in next lessons. Although аirрlапе is consideret] as one ofthe most safe trапs-
pofi there wil1 Ье alrvays а possibiliф of arr accident during flight. Ап aviation accident is defined as an
occulтence associated rvith the operation оfап aircraft which takes рlасе betrveen the tin]o any ребоп

boaTds the aircraft ъith the intention of
{light and all suсh persons have disem-
barked, in which а person is f'atally оr se-
riously injured. the аirсrаft suslains dаm-
age оr structural fаiiш,е or the airctaft is
missing оr is conrpletely inaccessible. То
loryer tlre risk of an accident the special
organisatiorr ICAO (International Civil
Aviation Organization) has been estab-
lished in l944. This organization codifies

the pdnciples and techniqtles оГ inteгnationa1 аiг navigation and tbsters tlrc planning and development
оГ international air translrort to ensure sаГе and огdеrlу grorvth. Опе оf tl,e main aims оf ICAO is flight
sаlЪlу. It is а tem encornpassing lhе theory, investigation and categorization оf Ilight 1'ailures. and the
prevention оfsuсh Гаiluтеs tlrrоugh regulation, education and training. Also, to prevent апу llight acci-
dent different kirrds ofdiagnostics ofan airplane and its pafts oI systenrs is schedually perfonned during
tlre whole aircraft life cycle. А lile сусlе is tlre process оf managing the entiTe life сусlе of а product
fi,оm its crrnception, througlr design and mапufасtше. to service аtrd disposal.
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1. On the picture below you see а schematic афlапе drawing, Write dorvn пеат the arows йе паmе
of ал афlапе paTt.

2. What forces act оп the body which is airfoil shaped and immersed in fluid due to the relative mо-
tion between body апd fluid?

r. Lift 2. Centrifirgal

о
(_)

3. Blastic 4. Drаs
5. Thrust 6. Маяпеtiс

7. Ъпsiоп 8. Gravit.v

3. Diagnostics of an афlапе is саrгiеd out in order to рfечепt

4. What сошmоп distinguishable parts does афlапе consist of?

1. Fчsеlаяе 2. Centrifugal

F
о

3. Tail unit 4. Еlечаtоr

5. Cockpit 6. Lапdiпя яеаr

7. Роwеr plant 8. Rudder

5. Select апу аirрlапе you wish in the hangar and filI in flre table below.

Airplane
name

Take-off
masý

Quan-
ttty of

епдiпеs

Wings
quantity
and Фре

Wiogs
location

Fuselage

ýре
Landing
gеаг type

SouTces
of thгTst

Flight
speed



Тhе fuselage is an aiтcraft main body which lrolds crell,, caIgo or passengers. Fuselage also sеп,еs to
position tlre сопlrо1 апd stabilization surfaces, required fbT aircrafl stability arrd mапоеuчrаЬiliц,. EaTlier
fuselages were nade of wood and iabrics, Ьut modem aviation use special lrardened aluminium alloys fоr
fiame and skin oi'fuselage and even composite materials suclr as саrЬоп Iibre.

The main fusеlа_че соmропепts are longerons (or stringets), bulkhead, fornrers (frапrеs) and skin
(fis.7).

Longerons are 1orrgitudinal сопstruсtiоп раrt 0Гtirselage to which the skin is also lЪstеrrеd. Longerorrs
aIe attached to fоrmеrs and resist the mаjогitу oГГuseiage bendilg loads.

Щ!![9ддý аrе used ц.hеге concentlatecl loads аrе introduced rnto the t'uselage, srrch as those at wing,
landing geat, and tai1 surlЪсе attach points.

Fоrrпеrs ате used рrimаrilу to nraintain the shape оf tlre fuselage and improve the stability oti the
stringers iп comptession.

Тhе Skin, rvhich is fastened to a]l of tlrese пrеmЬеrs helps resist shear load arrd" togethet witlr longe_
rопs tension and bending loads.

Fоrmеrs (frames)

Fig. 7. Fцsсlдgе сопýtrцсtiоп

All оГthе fuselage components аrе Гаstепеd with solid rivets - а pennanent nrechanica] fasteners,
ВеГоrе being installed а rivet consists оГа srTooth cylindrical ShаГl\l,ilh а head оп опе end. Tlre end оГ
thе lread side ofthe rivet is called br.rck-tail. On installation tlre rivet is placed in а ршrсhеd pre_drilled
hоlе. and tail is bucked (deformed), so that it expands to аЬоцt 1.5 tinres the tlrigirral shaft diameter,
holding the rivet in рlасе. Solid rivets wlriclr ате used in aviatioп construction tЪr tlre applications
rчhеrе гeliability arrd safety count. Typical materials fоr aircraft rivets аrе alunrinium a1loys, titanium
and nickel-based alloys.

1з



Рrасtiсаl апd lаЬоrаtоry асtiйý

l, What longitudinal components does fuselage consist of?

1. Kvets 2. SKn
3. Bulkheads 4. Ribs

о
(_)

5. Lопgетопs б. Struts

7. Fоrmеrs 8. Spars

2. What соmропепts аIе used to withstand concentrated ioads in fuselage?

1. Formers 2. Spars

3. Skin 4. Ribs
5. Kvets 6. Longerons

ао7, Bulkheads 8. Bolts

3. What fastenels ате used to fasten the skin to thе fuselage frame?

l. Nails 2- Screws

3. Bolts 4. Soldering

оо
5. Kvets 6. Special qlче

7. Weldins 8. Stapler

i
4. Get а partner for help апd choose any афlапе you want in hапgаr and with the help of йре*

measure determine its fuselage lengФ.

Афlале паmе Fuselage lenglh, m

5. With а help of tape-measure, mеаsrге the length of l/4 fuselage surface curvature (аррrох). After
that calculate the approximate fuselage volume.

Fuselage length, m
1/4 fuselage

srrгface curvature
lerrsth, m

Full fuselage
curvature length,

m

Fuselage cross-
section area, nf

Fuselage чоlчmе,
mз



Fuselage

Most fuselages are shaped like cylinders. Otlrets are shaped 1ike rectangular pгisns, with rounded соmеrs.
А rоuпrlеd shape makes the plane have less dlag, Commen:ial planes like the Boeing 727 aгe shaped like
cylinders. T}eir cylindrical shape hеlрs them рrоduсе less drag when they are flying at high speeds. But this
isn't the опlу reason tha1 commerciai plarres аrе slraped this way, Anotlrer Teason 1о use а c1,lindricai shape
hаs to do rvith at pтessure at hiф altifudes. lfyou el.er gone to thе top оfа mоuпtаiп, yotl certainly could
Гоuпd it haTder to breathe. That happens because the higher lve go, the less air thеrе is. Since соmmеrсiаl
planes fly at 9 km or шоrе, air is forced into the cabin to mirke up 1Ьr tlre 1ack оf aiT at higlr altitudes. This

a1lorvs раssепgегs to bTeathe trогmаllу drrling а flight. Because
а суlйdеr is round оп the inside, it сап maintain its shаре as

air is fоrсеd into tlre саЬ:iп апd the аir pressure iпсrеаsеs. So
йе rnost ideal shape tbr the fuselage at high altitudes is oval
оr rошrdеd in cToss-section. That is ч,hу big planes don't lrave
а гectangular-shaped cross section ofthe fuselage - they fly at
hiф altitudes, so tlreiг ftlselage tequires to рау attention fоl
high рrеsslrrэ inside. Wlren the fuselage is pressurized. а cir.
oular Гuselage сап resist tlre loads with tensiorr stresses, ratl]el
tlran the mоrе severe bending loads tlrat arise on поп-сirсulаг
slrapes. Many fuselages аrе not circular. lrowever. Аirсrаft

lvitlr uпргеssurizеd cabins оftеп iпсоrроrаtе поп-сirсulаr, even rесtапgulаr cabins in some cases, as dictated
Ьу cost constгaints оr чоlumеtгiс efficiency (fig.,9).

Sometimes sulrstantia| аlтоrлlts of space would Ье wasted ц.ith а circular fuselage when specific arrа:lge_

ments оГраssепgеf Seats and саrsо conlainers must Ье accommoЙted. In Suсh casesj ellipticat оr dоЪЬlе-
ЬйЬlе arrangenrelts can used. The dошЫе-lrцЬЬlе geornetry uses intersecting ciTcles. tied 1ogelher Ьу flre
fuselage f'loor, to aclrieve ап ef'Ilcient shuсturе with less wasted space, The dirTensions аrc set so that pas-
sengers and standzLrd cargo contaЙers mау Ье ассоm-
modated.

Typical dimensions and classes for passenger aiг
сrаli seats are slrown оп (fig.9).

l. First class
2. Business Class
З. Есопоmу class
4, High density
Tlre diarleter ol'sn-ral]er aircralt such as соmmut-

ев and business aircnГt is dicиted lэу similar consid-
erations, аlthiэuф cargo is not carlied below tlre flоrэr
and the cabin hеiфt is nruclr more а market-driven
decision. The interiors ofbusiness aircraft аrе laid out
mоrе flexibly t}ran аrе commercial transpoIts. Interiol
appointrnents often cost millions оf dollars zrnd сап
Ье very lшxurious, especially fоr the larger long rапgе
aircraft such as the Gulistгeam V оr Global Express.
Business aircm{} based оп commercial trапsроfls
suоh as the Boeing Business Jet provide е\,еп gleatel
possibilities.

Recent inteгest iп very large aircraft suggests that
additional creative possibilities exist for tlre aircraft
iЫеriоr Тhе fiрrе (fig. 10) illustrates some concepts
fоr 1arge aircraft fuselage cross sections as dеsсr-ilэеd

Ьу Douglas AiTcraft in 1966. More recently, aircraft
suсh as tlre АirЬus А380 have Ьееп desigrred with interesting iпtегiоr possibilities. On the figr.rre 9 you can
see such ýpes of fllselage slrape: DоuЫе-ЬuЬЬlе (j), DоuЫе-dесkеd (2), single-decked (З), conventional
cross-section (4). 
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Practical and lаЬоrаtоry activiф

1. what fuselage shapes cannot have а рrеssчгizеd modern aircraft?

]

i. Double-bubble ]. Flying wing
3. Rectangular 4. Narrow

о
U

5. Single-decked 6, Wide
7, Double-decked 8. офеr

2, What is йе diffеrепсе between 1st class and economy class sеаЪ? (mark the checkbox)

1. Space Ьеtwееп seats
.*

9
с
Q

2. Iugяageavailabilitv
3, Seat cost
4. QuantityofpassenqeTs

З. WЪаt fuselage ýpes ме used to accommodate mоrе passengers?

1. Sinsle-decked

lr
а

(.)

2. DоuЫе-ЬuЬЫе

3. Double-decked
4. conventional

4. Select апу афlапе you wish in the hапgаr and fill in the table below.

Афlапе паmе Fuselage shape Рrеssurйаtiоп (yes/no)

5. Connect two Telated items arrd fiпd the odd one.

\



Fuselage

2.3 Fuselage materials.

Fig. 1l. Sandlvich composite

The most соmmоп metals in aiTcralt сопstгuсtiоп аrе aluminium. nragnesium. tiиnium. steel, алd
their ailoys, Aluminium alloy is widely used iп modem aiTcrafl constrцction. It is vital to the aviation
industly because the alloy has а hiф strength-to-weight ratio. Alr.rnrinir.rrn alloys аrе corosion-resistalt
and comparatively easy to fаЬriсаtе. Tlre oulstaлding clratacteristic oГaluminirrm is its lightweight. Mag-
nesiunr, the woTld's liфtеst structura1 metal, is а silvery-white materia1 wеiфiпg only two-thifds as tnuch
as аlшпiпium. Mapesium is used in the mапчГасtчrе of helicopteTs. Magnesium's low resistance to
corrosion has limited its use iп сопчепtiопа1 aiTcraft. Тitалiшп is а ligbnveigk, strong, corTosion-

resistaлt metal. It lvas discovered yeals ago. Ьut опlу recently lras

it been made suitable fоr use in aiTcTaft. Recerrt developments mаkе
titaniurn ideal fоr applications whеrе alunrinium alloys аrе too weak
and stainless steel is too hеацz. In addition" titanium is unafгected Ьу long
ехроsчrе to sea\}ater and rnarine atmosphere. An ailoy is composed of
two oI rnore metals. Тhе metal present in thе alloy in the laцesl poltiorr is
called the base metal. AIl o1heT metals added to the alloy ате called alloi,-
ing elements. Alloying elements. in eithet small or large arnounts, mау
rеsцlt in а mаrkеd change irr the properties ofthe base metal. }'ol exatrrple.

рutэ alunrinium is Telatir.ely soft and weak. Whеп sша11 amounts of
othei,elements such as соррец margarrese,and magnesium ае added,

aluminium's strength is increased mапу times. An increase or а decrease in ап alloy's strength and htrrdness

mау Ье achieved through heat treafinent оl the alloy, Alloys аrе of gleat impoltance to the аirсrа{t in-
dustry, Alloys provide materials with properties not possessed Ьу а pure meta1 аlопе. Alloy steels that аrе оf
muсh gTeater stTelrgth {rш tlrose fourrd in оtlrег fields o{'engineering lrave Ьееп developed. These steels соп-
tain snral] регсепtаgеs ofcarborr, nickel, сlrrоmiurп. vanadiunr, and molylrdenum. SuсЦ steels ате made
into tubes, rods, апd wires. Апоlhеr ry-ре ol'steel tha1 is used extensively is slainless steel. Mis alloy resists
cotTosion and is patticularly valuable fоr use in от
near salt water. Materials used in fuselage
аrе all of alunrinium allo_v Skin, longerons,
ате all made ofspecial alunrinium alloys,

ln addition to metals, various types of р
materiajs ате found in ailcraft constructiolr-

entplastic is foirnd iп canopies, *indshields, апd
transparent enclosu'es. TmnspaTent piastic
аrе handled with care. because this mаtеriаl is
tively so{1 and scratches easily. At appToximatel
107ОС, transparent plastic becomes soft and
pliable. Reintbrced plastic is made fоr use ilt
construction of radomes, wing tips. stabilizer
antenna covers. and ffight controls. Reinforced
htts а high strength-to-rveiglrt ratio апd is resistant
mild алd rоt. Its ease of fabrication make it
suitable 1'оr other paxts of thc aircraft.
plaslic is а sandr.и'ch-ýpe material (fig. ]l). ]t isFig. 12. Carbon fiЬге material compared to hцmвп hair
rnade up оГtwо outer fhcings (1) atrd а сепtrе layer (2). The liacings aгe made up o{'several layers oI'glass
cloth, boitded togetlreг with а liquid resin. Тhе core material (сепtrе Iауеr_) consists оГа lroneycornb slructure
шаdе оf glass clotir. Reinforced plastic is fhbricated into а чаriеф ofcell sizes. Нiф-реrfоптапсе аirсrаft
require аlr ехtrа hiф strепgthtо-lчеiфt ratio material. Fabrication oГconrposite materials satisfies thе
specia1 requirement. These mаtеriаls аrе mechanically fastened to conventional suЬstruсhшеs, Алоthеr ýре
of composite consтuction consists of tlrilr gaphite (саrЬоп fiЬrе) ероху skins bonded to ап aluminium
hопеусошЬ соте. Each са,Ьоп filament tkead is а bundle оfmапу tlrousand саrЬоп filarnents. А single such
filament is а thin ttrbc with а diameter of 5-[l micrometers апd cons,ists almost cxclusivel1. of саrьоп. on tlre

figure (fig.12) you сап see а texture оf ca,bon IiЬrе fаЬriс and а magrrified соmраrisоп оf single fiЬrе tuLre

wilh humап hаir
1,7



Рrасtiсаl апd laltoratory асtiйф

1. In соmmоп, what materials ате used in fuselage pToduction?

1, Aluminium alloys 2. CaTbon/glass fiЬrе

З, Маяпеsium Дlоуs 4. Plastics

ао
5. Titanirrm 6. Веrylliчm
7. Steel 8. Irоп

2. What is the tоuфеst metallic material below used in aviation pToduction?

1. Titanium

9
оо

2. Maqnesium alloys

3. Aluminium alloys
4. BeryШum

3. What materials are called sandwich-type materials?

1. Magrresium alloys 2. Titanium
3. Дчmiпiчm alloys 4. Composite materials

tsоо
5. Plastics 6. Irоп
7. Steel 8. TraTвparentthermoplastic

4. What parts does фрiса1 sапdйсh composite mаtеriаls consist of?

5. connect two related tеrms

Дuminium alloys .
Тrапsраrепt thermoplastic .

Titanium.
Steel .

carbon fibre .

. Engine blades

. Skin

. Landing gеаr

. Window

. Lightweight



Fuselage

2.4 Possilrle damages and failures of fuselage.
Usually tlre most соmlпоп fuselage damages аrе related with skin damage beginning Гrоm paint

scratch to sечеrе skin breakage. Due to 1he presence o:['abrasive particles in the air the аirсrаft paint cover
can Ье darTaged because оfiпtегасtiоп behveen fusеlаgе and abrasive particIes dш,iпg high speeds flight.
Раi'лt is an important соfiропепt оГf'usеlаgе becarrse it ptotects йе skin fiom corTosiorr, which arises due
to moisture and temperatlu,e action оп mateTial. Опе ofthe most ilnportant places irr fuselage construc_
tion, where failui,es mау Ье found arejoints, These аrе extemal places rл,hете rvings. tail unit and control
suгfасеs are fitted to the fuselage. А higlr stress сопсепtrаtiоп iп these places take place. In these places

Damaged stringer
Damage cut olrt Smooth
rvith соrпсг radii
FiIler Splice
Reinforcement ýplice
АssеmЫеd

Fig. 13. Stringer repair Ьу
patching

cracks аrе ot'ten found, so the irrspection fоr ctacks should Ье реrtЬгmеd.
As iп а11 other forms ofrepairs, thе first step is to inspect the damaged area
thoroughly to determine the extent оf the damage. Inspect tlre inton-ral

siructure fof damage оr signs of strain. МеrпЬегs that а],е bent. f'rасturеd, оr
wгiпklеd mLrst Ье replaced от repaired. They rnay Ье sheared considelably
without visible evidence of such а condilion. yош shoiLld drill оut dvets at
various points irr the damaged area and examine tlrem Гоr signs оf shear
йilure. The riчеt lroles in stringers, longerons, bulkheads. fotmels, ffames,
rings. апd otlrer intemal tпеmЬеrs must Ье kept in the best condition possi-
Ьlе, lfany ofthese menrbers are loosened Ьу the removal ofrir.ets, their lo-
cation Should Ье mar*ed so they сап Ье retumed to their original position.
Аftеr the extent of.dalnage has been determined, it should Ье classified
jп onc ofthe fоIlоwйg саtеgогiеs: negligible damage, damage гераirаЬlе
Ьу patclring (fig. l З), damage rераiгаЬlе Ьу inserlion. or damag!- геquiгiпg
rерlасепrепt of раrls.WЪеп arry part оГthе air{iame has Ьееп damaged.lhe
fu,st step is to clean a1l grease, dfut, alld paint in the vicinity of the darTage
so lhе extent оf the damage ma_v Ье determined. The adjacent struсtuIе
must Ь,е inspected to determine what secondary damage mау have resulted
from the transmission of t}re load or loads that caused the initlal damage.
You slrould thorouglrly inspect tlre adjacent structures fоr dents. scTatch-
es, abrasions, punctures. cracks, loose seams, and distorlions. Clreck all
bolted fittings thаt mау lrave been darnaged ot, loosened Ьу the load that
caused the damage to tlre
struchre.

Types of гераirs.

The ýре оl rераir to Ье rnade rvil1 depend оп
materials, tools, amount оl time available,
to the damaged area, and maintenance level. Тhе
оf rераir аге pemanent, tempoIary, and one-time fli
(fегrу). Repairs аrе also classified as eitheT intemal
ехtегпаl. А регmапепt repair is опе that restol€s
strengtlr of the repaiTed strrrcturc equal to оf gleater than
its oгiginal SIrепglh and sзlisfiеs aerodynalnic. thеппаl.F.ig, l{. Fчsеiаgе damagc caused lrr flring ice

and intercharrgeability requiremerrts, Thls ensuTes th. .|e-'hunk'
signed capalrilities ofthe aircraft. The tеmроrаry repair restores 1lre 1oad-ca:rying abiiity of the struclufe
but is not aerodynamically smooth оr able to satjsly interchangeability requirernents. This rераir should
Ье replaced Ьу а регпапепt type as soon as possible in оrdеr fсrг the aircraf1 to Ье restored to its ntrrma1
condition. Гhе one-time ffight rераir геslоrеs а lirnired load-carrying аЬiJiц to the t|anlagerJ 5lгuсtuге in
order to fly the aifcraft to а depot maintenatrce activitv fоr а permatrent rераir, When this tуpe of lepail is
made, the aircra11 cockpit should Ье placarded to limit tlre pertblrnance ofthe aircraft.
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Practical and laboratory actiйý

1. What ате the most соmmоп fuselage damages

1. Skin dаmаяеs 2. Corrosion
3. Stringer damages 4. Kvets breakage

о
5. Bulkhead dаmаяеs 6. Erosion
7. Fuselaяedeformation 8. Dirt

2. What are the рrimаry goals of the aircraft paint?

1. То show thе advertisement
9

F
6

(,)

2. То protect fuselage from colrosion
3. То increase aerod}.namic efficiency
4, То make airplane look better

3. Rivets putpose is:

1. То йsten the skin to йе fuselage frame \

lr
6о

2. То fasten the filselage frаmе to the skill
3. То close the holes in ski:r

4. То increase drag in special places

4. What places the hiФ stress concentration агisе in?

1. Places wiй rivets 2. Flat surfaces

3. Joint p]aces 4. Сопчех sirrfaces

бо
5. Concave surfaces 6. Rочsh surfaces

7. Places with thin skin 8. piaces with соrrоsiоп

5. Сhооsе опе of the аiгрlапеs in the r,rniversiф hапgаr and find some damage on the fuse|age skin.
Аftеr you detected the damage, fill in the table below.

Damage 1evel is chosen frоm: insignificant, moderate, severe

Дrрlапе name Damage рlасе Damage Ф?е Damage level Туре ofrepair

2о



Fuselage

2.5 Diagnostics and monitoring,
There are thrее methods фat catr Ье used to ensure а thorough investigation has been made. The

tlTee metlrods аrе visual inspection. hardness testing. and nondestтuctive inspection for cracks,
Visual inspection - а thorou_qh inspection of tlre structure shoultl Ье macle fоr dents, scratclres,

aЫasions, punctuTes, cracks, distoTtion, loosejoints, breaks, and buckled оr wrйklе<l skin, All riveted
and bolted joints in the vicinity оf the damaged аrеа slrould Ье checked for elongated holes and loose,
sheared, ог damaged Tivets or bolts. Ifany doubt exists about the failure оf а гiчеt or bolt, thg 1'astener
should Ье temoved fоr а mоrе thorough inspection. Al1 access panels, hatches, alrd dоогs should Ье

opened to inspect the intemal slтuctufe.

Hardness testing - whеп fire hаs damaged the аirtrаmе, the
paint will Ье blistered оr scorched and the metal will Ье discol-
oured. when these conditions exist, the affected area shоuld first
Ье cleaned and the paint removed. Following this, а hardness test
slrould Ье coлducted to determine if the metal lras 1ost any оf its
stIength chafacteristics. Tlris test can Ье роrfоr.mеd with tlre Ваr-
со1 оr Riehle portable hardness tester, If the mаtегiаl to Ье testecl
is rеmочеd frоm tlre airframe, then а mоrе reliable tcst can Ье
made Ьу using а standard Ьепсh lgster. If the alloy to Ье tested is
eiйer clad or anodized, tlre surГасе coating must Ье temoved to
the Ьаtе nretal at the point оГрепеtfаtоI contacl. This is necessaTy
ьесаusе clad surйces аrе softeI and anodized surfaces are haTder
than the base alloy.

lnspection for cracks - tlle existence of suýpected cracks оr
the full extent of арраrепt cracks in structulal mеmЬеrs cannot
Ье ассuгаtеlу determined Ьу visual inspection, In cases wlrere it
is necessary fоr cTacks to Ье accurately defined, а nondestructive
inspection is usually perfbmred. Fittings should receive а special
investigation if they ате cracked, since this could cause an entire
соmропепt to Гаil. Fittings are used to attach sections of rvings 1о-
gethel and wings to fuselage, as rvell as attachment of stabilizeTs,
сопtгоl surfaces, landing gear, and engine moutrts.

Сlеапuр of damage - along with the investigatioll of damage,
yotl should сlеап all jagged holes, tears, oI damaged material.
The cleaned sections must include а11 the аrеа in rvhich minute
cracks аrе present. Tlre affected атеа must Ье cut and rounded to

fоrm а snooth теgulаr outline 1ike it is shown (f'ig. 15), where 1 - а lro]e in the iuselage skil1,2 - skin,
3 - Гrаmе. Iг а rесtапgulаr or square-shaped cutout is made, the radii fоr thе соmетs shoutd Ье а min!
mum оГопе-lЬi,Пlh inch, urrless otheruise specified. All Ьurrs should Ье removed, Гrоm the edges of the
cutout. Al1 dented plates slrould Ье restoled to thеir original shape if possible. shallow abrasions
or scratches should Ье bumished with а Ьшпishiпg tool that will cornpress tire pTojecting metal along
the edges down into the scratch. Burnishing has no cutting action and rеmочеs по metal. when surflace
irregularities are smoothed Ьу buTnislring, the sftesý conceltration will Ье lessened.

lill
]lll
ll
ll l=J ll
i|ll
llll
]lll
L.] L

Fig. 15. Rounding the hole соrпеrs in
tцselage ýkin.
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Practical and laboratory activiф

1 . What methods of inspection do you know?

2. Why does the сlеапuр of damage perforrrred?

1, То prevent йе possibility of й" fu!цý !щзý gI."й

Е
L.)

2. То make flat surface

3. То ease the work on damage elimination

4. То make damaged surface look better

3. How does the square-shaped cutouts aIe tleated?

l. Comers are sharpened 2, Increasing die соmеrs quantity

з. cutout is decreasod 4. Cutout is incTeased
9
оU

5. Comers аrе tounded 6. Соrпеrs are glued

7. Comers afe obh]sed 8. Comers аrе painted with red

4. Сhооsе any афlапе уоч want in the hыrgar and fill in the table below

Damage level is chosen frоm: insignificant, moderate, sечеге

Repa steps numbeTs:

1. Hardness testing 2. Dirt inspection

9)Еоо

З. Chemical inspection 4. Visual bspection

5. Electricalinspection 6. Radioactiveinspection

7. Magnetic inspection 8. Inspection for cracks

Airplane паmе Inspection type Damage type Dаmаgе level Steps ofrepaiT (Nэ)

22



\{ing

A1l planes have wings (fig. 16), that is possibly the most important pafi of an airplane that hangs it in
the air. Тhе wings ате shaped rvith smootlr suTt]aces and attached to the fuselage. The stTooth surfiaces are
slightly cruved lгоm tlre frопt от leading edge, to tlre back оr trailing edge. Air rnovйg around thе rving
produces thе upward liГt fоr 1hе аirрlапе. Тhе shape ofthe wings delenTines how Гаst and high the рlапе
can fly. А cut through thе wing frorn fTont to back is called an airfoil. Usually ribs (4) irrcorporate the
airfoil shape of the wing, and the skirr (З) adopts tlris shape when stretched over the пЬs. Ribs аrе fоm;'пg
elements of tlre stlxctm,e of а wing, especially in trаditiопаl construction. Тhе ribs attach to the mаiп spar
and Ьу being repeated at frequent inten,als, fоrm а skeletal slrape for tlre wing. Тhе spar (2) is оftеп tlre
mаiп struсtчrаl mеmЬеr ofthe wing, rrшпiпg spanwise at right angles. The sраr саrгiеs flight 1oads and
the weight of the ц,iпgs whiist оп the gTound. Оthег structlra1 and fonning rnembeTs such as ribs mау Ье
attached to the sраг оr spaTs, with stressed skin construction also sharing tl-re loads wheTe it is used, There
mау Ье mоrе thаl опе spar irr а wing оr попе at а11. Horveveц rvlrere а single spar calTies the majority of
the Готсеs оп it, it is knorvn as the mаiл spat

Slats
Spars
SHn
Rlbs
Р о rve r
plant
Aileron
Flaps
Reinforced
rib
Sроilеr

Fig. 16. Boeing 7{7 wiпg.

The hinged control sur{hces ате used to sleel and contTol the airplarie. AileTons (6) can Ье used to
generate а rolling motion fоr atl аirсrаГt. Ailertlns аrе smal1 hinged sections on the outboard portion ofa
wing. Ailerons usuаllу wогk in opposition: as thе right aileTon is deflected uprvard. the left is deflected
dowшvard. апd vice чеrsа. The ailerons work Ьу clranging the effective shape of tlre airfoil ofthe outer

роl1iоп of the rving. Spoilers (9) аrе snul1, hinged plates on thе top portion оf wings. Spoilers сап lrе
used to slow ап aircraft, оr to make ап aircraft descend, ifthey are deployed on botlr wings. Spoilel,s сал
also Ье used to generate а rolling motion lbr ап aiTcraft, if thеч are deployed оп only опе wing. DuTing
take-off and landing tlre airplane's velocity is relatively low. То keep the lift high (to avoid objects orr

lhe ground), airplare desipeTs try to iпсrеаýе the wing area and clrange the airfbil shape Ьу puПing
sonre tToving patts оп tlre rvings' leading and trailing edges. The part on 1hе leading edge is called а s]at

(1), lvhile the part on the trailing edge is called а 1lap (7). The l1aps and slats move along metal lTacks

buiit into tlre rvilrgs. Moving tlre ffaps aft (toward the tail) and the slats fоrwаrd increases the r,l ing аrеl.
Pivoti g tlre leading edge оf the slat and the trailing edge of the flap dtrwnrvard increases the effec-
tive саmЬеr ofthe аirfоil, r,vhic]r increases the lit1. In addition, the lаце aft-ptojected area оГthе flap
increases the drаg of the airoratt. This lrelps the airplane slorv down fоr landing.
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Practicai and laboratory activiý

1. What сопstruсtiопаl element incorporates airfoil shape?

1. Spars 2. Skin
3. Spoilers 4, Slats

аU

5. Ribs 6. Flaps
7. Wiпя 8, Аjlеrоп

2. What term from beiow does not Iepresent the conffo1 surface?

1. Ailerons

оо

2. Flaps

3. Slats

4. Spars

3. Slats аrе used to:

1. lncorporate airfoil shаре 2. Slow akcraft down
3. Саrry flight loads 4, CoveT the wing surface

оо
5. Generate а rolling motion 6. Decrease wing area
7. Iпсrеаsе wirrg аrеа 8. Adopt the shаре ofthe airfoil

4. choose апу афlапе you want iп the universiý hапgаr апd fiIl in the table below.

5. Get а partner flэr help and with а hеlр of tаре-mеаsurе measure the chosen aircTaft's wing widths
алd lengths and calculate its approximate upper sчrгасе area. Fi11 in the table with data.

"Tip: depending on the йпg diferent types, they
have complex shapes like thiý опе below. So, аý уоц
see, а апd Ь ше different size trailing edge lengths
and they are measuled separately. То make the аrеа
calculation eaýiff, уоч mау divide the wing on the
simpler surfaces, shown with the dashed lines.

Airplane паmе Number ог slats
NumbeT of ailer-

ons Number of flaps
Number of spoil-

еБ

Wing root width,
m Wing tip width, m Leading edge

length (s)-, m
TTailing edge
length (s)-, m Аrеа, m2

ъ



Wing ýpes are subclivided on several classificatiot,ls 1ike t,ing platfoпr-r, рlапfопп vaTiation along

span. dibЙal and апhеdrаl. Al1 оГthе,ving types аrе listed irr the table 3,

Wi

Тhе wing рlапГоrm is tl,e sill1ouette of the wing лчhеп r,ielved Гrоm above or below and the aspect

ratio is the s'рап divided Ьу tlie mеап or avelage clrortl. It is а mеаsurе of lrow [oBg and slencler the wirrg

app.ars *hЙ seen irоm ubou. о. below. Тhе wing clrord mау Ье varietl altlng the sрап of tlre wirrg, fоr

йЬ strTctura1 and аеrоdупаmiс IeaSonS, So we use а tегm - planform variation along span, Angling the

wings up оr <iown ,рuпй.. from rооt to tip can help to resolve vaTious tlesign issues. such as stahlity

апс1 contlol in flight, this is where the temr сlihеdrаVапhеdrаl takes place,

Wing

3.2 \Ying фреs.

able 3.

Wing plat-
tЪrш

Schelne

Рlапfilrпr
variatlon

along span
Sclrerne

рlапfiэrm
variation

along span
Sclreme

Di]-redra1/

Anlredral
Sсhепе

Low aspect
ratiO

Constant
chord

]hilеd
delta

Dibedral

Moder-
ate aspect

ratio
Elliptica1

Cropped
delta

Antredral

High as

pect latio
-lЪреrеd

Соm-
роuпd
delta

Gull rvirrg

",tl-

StIaight
wing
Sweep

Reverse
tapered

Ogival
delta

]nverted
gu11

Slvept back
wing

Соm-
pound
tapered

Crescent Cranked

Forward
swept wing

Trapezoi-
dal

Cranked
arrow

Charrnel
r,Ting

Сirсul:т lv{ -lTing
,^,] l---.,

'1r^-i

Flying
Saucer

/т-\
[,

W'wing

Thilless
de]ta
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Practieal and laboratory activiф

l. What shape of tle wing rерrеsеflts ýwept back wing platform?

2. What is а dihedвl angle?

l. UpwaTd spanwise ftom root to tip

Ф
Q

2. Апяlе between two winqs

3. Апяlе of йе wiпя swept back

4, Downward spanйse frоm root to tip

з. connect Мо related items

4. Select апу афlапе you want in the university hапgаr апd fill in the table below.

5. Dеtеrmiпе the dihedral or anhedTal апglе value (in degtees) of the chosen афlапе. Fоr tlris purpose
take the glass, half-filled wit} water and draw а mark line water level on the giass with реrmапепt mаrk-
еr. Now put the glaýs on the most flat surfасе of t]re wing and maTk thе change of the water level. Take
the protractor алd deterrrrine the апglе between t}rese maTks. Тhе process is schematically shown below.

Фо

ы)

ll)

Ф

а0

ýо

а
Фб
яо

(.)

(Ё
(.)

л
qJ

0.,

э

q.)

0)
о"

_сýts
9
о

,=
'о
N
Фа
F.

1.

д.

з.
д

4.ф2.

6. 7.

/,Ъl, tпР оU

Aircraft паmе Wing piatform рlапfоrm чаriаfiоп
along span

DihоdrаVапhеdrаl wing
ме
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Wing

3.3 Materials, possilrle damages, diagnostics and mопitоriпg.

/ Тhе wings оfап aiTcraft ате designed to develop lift r.vhen they are moved through the air. The particu-

lаг wing design depends rLpon mапу t'actors for ехаmрlе, Size, rveight, use ol'the aircraft, desired landing

speed, and des}ed rаtе огсlimь. Itr some аiтсrагt, the larger compartments of tlre wings аrе used as fuel

tanks. The fuel tanks inside the wing аrе sealed wilh rTbber. The wings ar.e designated as right and 1eft,

corresponding to tlre right_ anti left-hand sides оf а pilot seated in thе ailcTaft. wing is а parI of tlre air-

рlапе, so it consist of tlre same materials as а firselage. Like the skin ofthe fuselage, the skin of the wing

is made оfал alunrinium a1loys. The skin is attachecl to а11 the Skllcfufal nrember sand оаrriеs part оf tlre

lving loads and stresses. During fliglrt, the loads imposed оп tlre wing Structure act pfimarily оп the skin.

Fтой thе skin. the loa<ls are transmitted to the ribs and then to the Spars. The spars suррогt all distributecl

loads as we1l concenffated weights, such as а fuselage, landing gear and nacelle. com-rgated sheet аlu-

minum аllоу is otten rrsed as а subcoveting fоr wing sttuchlres. Inspection and access panels аrе usually

provided on фе lоwеr srrrl'ace оГ а ц,iпg. Drаiп ho]es а:,е also placed in the lower sutfaces. lValkways

ате provided оп tlre areas of tlre wing r.vhere реrcоппеl shou]d rvalk оr step. Тъе sйstructure is still'erred

оr reinforced in tlre vicinity оf the walkways to take such loads. walkways аrе usually соvеrеd r,vitlr а

nonskid sчrfасе. sоше аirсrаft haye no built-irr walkways. ln these cases rепоvаьlе mats оr covers aIe

used to plotect the wing surflace.

Possible wing damages and monitoring,

Damages to the aiTliame аrе many апd mаУ чаrу tiom tl,ose that аrе classified as negligible to those

that ате so extcnsive that an entire шешЬеr ofthe airframe must Ье replaced. Тhе slightest darnagc could

аftъсt the 1iight characteгistics ог 1he aircral't. The most соmmоп causes ог damage to the аirliаmе are

collision, StfeSS, heat. соrrоsiоп, foTeign objects, {'atigue, and combat damage. Let's look at the most соm-

mоп damages that wing sullЫ Гtоm.

Stress - this type ofdamage is usttally identifie<l Ьу loosened, sheared, оr popped rivets; wrinkled skin

оr webs and cTacked or dеfоrmеd structural meinbers. Tbis damage is usuаllу caused Ьу violent marroeu-

vres оr tough landings like it rs slrown оп tlre (fig. 17) picture, especially severe damages to the wing сап

cause the йll fu.t tunk' cluring such landing. When the pilot reports these disсrерапсiеs on the уеllов,
slreet, а tlrorough :inspection of the entire аi.rсrаft tnust Ье performed,

Collision - ihi, typ" oldamage is often the result ofcarelessness Ьу шаiпtепапсе реrsоппеl. It varies

from minor damage, Ъuсh as dented or broken агеаs of skin, to extensive damage, such as tom or сrushеd

structura] nrembers and misaiiglment оfthе aircrali.
Соrrоsiоп - dзrтаgе to airliame colrrponenls and 1hе stгuсturе саusеd Ьу corTosion will develop into

реrmапепt damage оr failute il'not рrореrlу treated. The corrosion сопlгоl section ог the maintenance

instructirrns mаПuаl describes thе mахimum darnage 1imits. Тhеsе limits shoцld Ье сhеоkеd carefully,, and

ilthey аrе exceeded, the component or Sfucture must Ье repaited or replaced,

гatigue - this ýре оf clamage is nrore поtiсеаьlе as the operating time ol the aircraft зocumulates.

The darnage will begin as small cracks, caused
Ьу vibratiorr and оthеr loads inrposed оп skin fit.
tings, especially in joint places 1ike where the

wing attaches to tlre fuselage. and load-bearing
members, лчhеrе the 1ittings are altaclred,

Heat - certain агеаs оГ high-perfbnTance air-
craft аrе exposed to high tеmреrаturеs, Tlrese
areas usually include the engirre bleed lirres,

fuselage sections агоuпd the engirre, the aft fuse-

lage and lrorizorrtal stabilizer, апd tbe wing sec-

tions arourrd the bounclary 1ayer control system.

Some aircTaft structura1 rераir manuals include
diagrams that illustrate the heat danger aloas.

Fig. 17. Rough landing of the military F-14 Tomcat
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Practical and lаЬоrаtоry activiф

1. What mаtеriаl is used foT wing sНn?

1. Plastics 2. Carbon апd glass fibre
3. Маqпеsiчm Дlоуs 4. Дumiпiчm alloys

Lоо
5, Irоп б. BeTyllium
7. Steel 8. Titanium

2. What wing sffuctmal element loads primarily act оп?

1. Spars
-9

9
ао

2. Skin
3. Ribs
4. Longerons

3. What damage ýре is usually caused Ьу violent manoeuvres or rough landings?

1. Collision 2. Corrosion
З. FаЁgче 4- Stress

U
5. Heat 6. AbTasive wear
7. YiЫation 8. Explosion

4. Choose апу афiапе you rTant in tle university hangar and fill in thе table below.

Аirсlа-ft паmе Damage place on wiпя Damage type Cause of damage

5. Ап аirрlапе technician didn't pToperly calibrate the flaps angle ofinclination so that the flap on the
left wing has а mмimum angle of inclination into iоwеr position sечеrа1 degroes mоrе than the flap
from the right rving. А pilot is аррrоасhiпg on landing and lоwеrs the flaps Ьу the maximum алglе. Wbat
situation can occuт?
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А tail unit ofthe aircTaft (fig. 18) consist оfа lrorizontal stabilizer (5) and vertical stabilizer (2). Horizon-
tal slabilizer includes ап elevator (4) and vertical stabilizet include rutlder (3), The hогizопlаl stabilizeT is а
fixed wing section whosejob is to provide stabiliýr for the aircraft, to keep it flying stfaiФt. The hоrizопtаl
stabilizer prevents up-and-down, or pitching. motion о1] 1lre аirсrаft nose. Тhе elevator is the srTall mоч-
ing section at the rеаr of the sabilizer thаt is ,Lttached to the fixed sections Ьу hinges. Because the elevator
moves, it varies the amount of fоrсе geneTated Ьу the tail surfасе a:rd is used to gerrerate and cont1ol the
pitching motion ofthe aircraft. Тhеrе is ап еlечаtоr atiached to еасh side of tlre fuselage. The elevators work
in paiTs; r,r,hen tlre right еlечаtоr goes up. the lelt еlечаtоr also goes up. Тhе еlечаtоr is usetl to control the
position of the nose оfthе aircra{t and thе argle оf attack ofthe wing. Changing the inclination of tlre wing
to йе local ffight path changes the amount of 1ift rvhich tlre lving generates. This, itr tum, causes the аiгсrаft
to сliпЬ оr dive. During take offthe elevators are used to bring the nose oftlre aircraft up to begin the climb
oul During а banked tum, elevatoI inputs can incTease the lift and cause а tighter tum. That is wlry elevator
реr.Готmапсе is so important Гоr fighter aircTaft,

Тhе Verlical sИbilizer is а fixed wiлg section whose job is to provide stability fоr the а:irсrаft. to keep it
flying straight. Тhе vertical stabiiizeT prevents side-to-side, or yawing, rnotion оГthе aircraft nose. Tlre rutl-
der is tlre small moving Section at the Iear оfthе stabilйer tlrat is attachecl to the fixed sections Ьу hinges.
Because the пrddег moves, it varies the amount offorce generatetl by the tai1 surface д1rtl is used to generate
ancl соп оl the yawing motion of the aiTcraft. interestiлgly, it is not used to furn tlre air.craft iп fliфt. Дirсrаft
tums аrе caused Ьу banking the aircиft to опе side using eitlrer ailerons or spoilers. Тhе Ьапkшg сrеаtеs ап
ulфalanced sidc lоrсе conrponent of tlre large wing lilt force which causes the aircraft's fliglrt path to curve.
The ruddеr input insures that the аirсrаft is рторегlу aligned to the curved fliфt path drгing the matroeuvre.
otherr,vise, the аirсrаft would епсоцrrtеr additjonal drag or even а possible adverse уап, condition iп rvhiclr,
dr.re to incTeased drag liom the conlTol sш,fасеs, йе nose would nrove Гаrthеr off the flight path.

Fig, 18. Boeing 777 tail unit.

l. Fuselage
2. Vertical

stabilizer
3. Rudder
4. ElevatoTs
5. Horizontal

stabilizer
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1. Horizontal stabffzer 2. Rudder
3. Angular stabilizer 4. Elevator

оо
5. Vertical stabilizeT 6. Ailerons
7, Fiaps 8. Stabilizer

1. А tai] цпit consist of:

2. Тhе eievator purpose iS to:

1. Control the yawing motion of Фе aircraft

ьо

2. Contro1 the гоlliпg motion ofthe aircraft
3. Control the sfuaight motion ofthe aircraft
4. ContTol Йе pitching motion of the aircraft

3. What control sчrfасе controls the yawing motion of ап aircraft?

l. Elevator 2. Rudder
З. Flaps 4. Aflerons

н
о

5. Sроilегs 6. Yеrtiса1 stabi]izer
7. HorDontalstabilizer 8. Nопе of фе mentioned

4. Choose апу афlапе tou want and calculato the surface атоа of its rudde1 elevators and angle of
their inclination. Fill in the table below

Aircraft паmе Атеа ofthe ruddeT
Атеа of the elevators

Gчm)

Апglе of inclination
(frоm 0 to up and 0 to

down)

5. Calculate the force, arising оп elevators, whеп they аrе inclined Ьу the maximum angle up at the
speed of200 kn/tr, uýing the data from table аЬоче,
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4.2 TaiI unit types.

л,1 оГ

Location
oftailplane

Sclreme
Hoгizontal
stabi]izer

SchetTe
Ilогizопtаl
stab,iiizer
position

Scheme
Vertical

stabilizers
Sсhеmе

Low Сопчеп-
tionaI

cruciform
tail

Tlvin
Ьооm А

Mid Сапэгd pelicarr tail 'Iwin tail А

Higlt Tandem 1-T}rl
Multiple

tails

Triple
tandem

\r-taiI

Tailless

Tailplanes like wings subdivided several types wl-rich 1isted tа]эlе belolv (table 4)

The tailplane conrprises the tail-mourited fixed hоrizопtаl stabilisel atrd mсlчаьlе еlечаtоr, Besides
its planfonT, it is characterised Ьу пurпЬет оf tailplanes - fiom 0 (Tailless оr canard) to 3 (Roe triplarre),
location oftailplane - nrounted high, mid or lor.v оп the fusetrage, fiп оr tail booms.

Сопvепtiолаl - "tailplane" stabiliser at the rеаr оГфе aircTaflt, tbrrning part ofthe tai1 оr еп-}реппаgе.
Сапагd - "Готерlапе" stabilizer at the front of tlre aiTcraft. А faiTly corTrmon fеаhuэ of the 4.5th gen-

eratiolljet fighters as supetsonic aerodynamics gfeii/ шоrе mature and because the forward suгfасе cart
сопtгiьutе litt during level flight. But due to poor stealth characteristics these аrо поt found on true fifth
generation jet fighteTs. А good exarnple is 1he Saab Viggen.

Tandenr - two mairr rvings, one behind the other The two act togelher to provide stabilily and both
provide lift. Ал exanrple is the Rutan Qrrickie.

Tandelrr tгiрlе оr tdplet - having both cclnveпtional and сапзrd stabiliser sLrrfaces. This mау Ье for
manoeurTability, оr the canard surfaces mау Ье used for active vibrution dampirrg, to smo6th out аir
turbulence giving the crew а пlоrе comfortable ride and геduсiпg fatigue оп tlre airtiame. PopulaTiy (but
incoпecily) rеГеrrеd to as а tandetn tripltme.

Tailless - no Separate stabilising Surface. at tiont оI Ieal Either the iiftirrg апd horizontal stabilising
surfaces are combined iп а single рlапе, оr tlre aerofoil profile is modified to provide inherent stability.
The short shorpa used wing tips which could Ье Totated about tlre wing's major axis to act as either ai]er-
ons and,/or elevators. Recently, аirсrа]l lraving а taiiplane but no vertical tail fiп hаче aiso been described
as "lail]ess".

аhl
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ъh rtц of йе Ы1 unit rерrеsепts hoгizontal stabilizer position of сrчсifоrm tai1?

чl, 2. з-

fг

,+ 8.

р
ао

2. Find the odd tеrm which does not represent the iocation of иilplane

3. Select алу airplane you want in the university hangar апd fill in the table belorv.

Аirсrа{l name Location oftailplaae ногizопйl stabilizer
position Vertical stabilizeT фре

4. What does йilplane compTise?

1. Control фе yarMing motion of Йе аirсrаft

о

2. Control the IоШпg motion of the аirсrаft
3. Control the straight motion ofthe aircraft
4. Control the pitching motion of Йе aircTaft

о
'о
.с!

!Е
!J

F

о
trq)

Q

Low-type High-фpe V-Фре Mid-type

t*tr= т



4,2 Ntaterials, possible damages, and diagnostics.
Being the fuselage part, the tail unit is made of the same materials, (rеfеr to the part 2,3 fuselage

materials for mоrе information), Nowadays quite often in modem airplanes the шоtе and mоте ог the

composite materials are used in pToduction оГtlrе tailplanes and its control suгfасеs. Composite naterials

can 1vithstand the loads which the tailplalre takes апd Teduces the weight of tlre airplane. wlrich leads 1о

less fшеl consumption arrd larger flight distance. Also cornposites such as carbon fiЬrеs, glass fiЫеs and

ker,lar аrе conosion preventative.

Considering tlre tailplane as а set оf rvings. the possible damages are very similar to tlre airplane wings.

ln joint places. wirere lruge loads appliecl on the control surfaces and stabilizeш cracks and deformation

сап arise eventually. But the possible advantage on опе lrand оfthе tailplane that is made ofnonmetallic

cotTtpositcs iS that it is corTosion resistant, оп the other hand, these nrateгials have рооr impact resist-

ance, ilthe tail unit parts are damaged w-ith foreign objects, birds stгikе or instruments.

The most соfilmоп ýpes of damage to the surlасе are alrTasions, scratches, scars, and minoT dents.

These miпоr sцrfасе damages require по repair otlrer thап the rcplacerTent оГthе oliginaj protective соа1-

ing to prevent соrгоsiоп if no breaks, holes, ot cTacks exist.

Sandrvich construction rераir

Repairing delaminations, Facing-to-col,e voids ofless tlran 2.5 inches in diameter can usually Ье ге-

paire<l Ьу drilling а series ofholes 0,06 to 0.10 inch in diameter in tlre uрреr facing over tlre void аrеа. Ал
expandable Гогmiпg Tesir-r, is then injected thtough the holes with а рlеSSшге-ýре caulking gun. When

the void is on tlre Iower Surface of the panel, orrly sttlficient resin rrrust Ье injected so as to con-rpletely

fill the void. with voids оп tlre trррег surfасs, the соrе area should Ье lil]ed until the Tesin cornes оut ог

the injection holes. These lroles should Ье sealed wilh а thermosetting ероху resin adlresive, апd the еп-

tir.e assembiy cured .,l ith lamps, as reqrriTed Гоl,thе adhesive system. When tlre vоid aTeas are lalge,'it is

necessary to rеmоче the facing ovet the damaged area апd follow the тераir procedures fоr а рuпсtшrе.
Repairing Punctures. А рuпсfurе is defined as а

сгасk, break, оr 1role through one оr both skin fac-
ings lvith resulting damage to the honeyconrb ancllor

balsa ц,ооd соrе. The size of tlre purrctme, аmоuпt оf
dашаgе to tlre core, assembly to lэе rераirеd (ruddец

elevato1 etc.), andprevious rераirs to the damaged as-

sembly аrе {i:ctoTs to Ье сопsidегеd in determining the

type оГ repaiT to Ье made. Damage to а hопеусоmЬ
and/or balsa wood соrе assembly tirat exceeds а speci-

fied lenglh оr diameter in inches оr tlre total пumЬеr

of repairs exceeds а specified pefcentage of the total

bonded аrеа necessitates replacenrent ofthe assen-rbly.

А starrdard рrосеdurе оf sandwich materials рuпс-
hrre rераir is shown оп а figttre (fig. 19)

А: Mask аrеа around damage approximately 5 crT

beyond stop holes. А patch is а sаmе material as dam-

age l'acing patch mцst extend at least 2-3 crn beyond
stop holes.

В: Patch 2 cnr beyond the ho]e оп all sides bevel

edges 45.
С: Тhе final step ofrepair

Palcll
Patclr
Adhesivc
Fi]l vont
with speci
1ied fillеr

Q-=*"n
ý::=,","е"'.-,",

Fig. 19. Sandrrich material repair.
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Practical апd laboratory асtiйф

l. What materials have рооr impact resistance?

i. Дumiпium alloys 2. Carbon and яlаss fibre composites

3. Маgпеsium Дlоуs 4, Plastics

t
о

5. Titanirrm 6. Веrylliчm
7. Steel 8. Irоп

2. А puncfuTe is:

1. А dented place on а flat surface whеrе hопеусоmЬ is inside

оо

2. А hоlе thrочф опе or both skin facings resulting damage to Фе hопеусоmЬ
3. Ап aЫasive wеаr ofthe skin due to the dust particles iп air
4. А рrосеss ofthe sandwiф composites rераiI

3. The most соmmоп damages to tlre surГасе ате:

1. AbTasions 2- Corrosion
!

9Еоо

3. Deformation 4. Scratches

5. Scms 6. Вulяе
7. Holes 8- Dents

4. What structure does honeycomb look like?

"г] ьП

5. In а univeTsiф hangar find an афlапе йth exposed honeycomb damage, Write down the steps of
its repair iп table below.

Аirсrаft паше Location of damage Level of damage Steps to repair

Ф

\

aю,ryi
,../л\ffi

сп dп



Landing gear

In aviatiorr. tlre uпdеrсаrriаgе ог lantling gear is the structure (usually wheels) that suppofis an aircraft
and allows it to mоvе across the surface оГthе Earth whеп it is not tlying. Wheeled *1der"orriag"s поr-
mally come iп tч,o types: conventional or "1ai]draggel' uпdеrсаm'аgе. where tlrere аrе tч,о nain wheels
towards the Гrопt ofthe aircraft and а singie" пruсh sпаllец wheel оrъkid at the rеаr; оr tricycle чпdеrсаr-
riаgе rvheTe theTe are two maili wlreels (оr ,,vlreel assenrЫies) untler the ц.irrgs ant1 а third srnaller u,lreel

}]ig. 20. Shock аЬsогЬеr

in the nose. The taildragger arTangement was сошmOп <luring the early
рrореllеr ега, as it allows mоfе гооm fоr рrореllеr сlез.rо.е. йоst rrrоd-
еm аirсrаflt lrave tricycle undeTcatTiages, Taildraggers аrе consi<lered
lrarder to land апd take-off (because the аffапgеmепt is urrstable, that is,
а srTall deviation from straight-line travel is nanu?lly arnplified Ьу the
greater drag of the rTain whee] which has moved fагtlrеr away ttorn ti-re
plane's сепlrе оГgгаr il,v dtte to the tlerialioIl}. and usuaIIy rеquiге spe-
cial pilot training. Landilrg gear r.rsualiy includes u.lreels iquipped u,ith
shock аЬsогЬеrs fот solid ground, Ьut some aircrafl are equippecl with
skis fоr snorv от floats for rчаtец arrd,/oT skids or pontoons (heliccrpters.).
Shock аЬsоrЬеrs ( fig. 20 } nlusr rЬsогЬ оr tlissipule епеlзу. The1 consi.t
of а rod (1) on whiclr the piston r.vitlr Seals (2) is mountecl. А lod r,vith а
piston is dealecl inside the cylinder (3) which seпes as а reservoir tьг oil
(4). То absorb shock with mахimuп еftъсtiчепеss the аьsотьегs har.e а
floating piston (5) inside а reservoiT rvith oil. This ffoating piston c]ir.icles
tlre rcserr,.oir оп fwo chambers - one rvitl.t oil and anothei with gas (6).
This fluid filled pistoп'cylinder combination is а dashpot.

То decrease drag in {light some uпdеrсагriаgеs геtrасt iпtо the wings
andior lusеlаgе with wheejs Iiush agains1 thе srrr{ъсе or concealecl Ье-
hilrd doors; this is called retractable gear 1fig. 21). А Tetractable landing
geal Sf,uctme includes hydraulic ram (1) or actuator which puslres the
hinge meclraпisn-r (2) tlrat is connected to the Stnrt (3). А wЪееl (5) is
mоuпtеd оп а wheel boss (4). соплесtе<i to the Stгut. Iп а such way the
landing gеаr is retracting irlto the rviлg or fuselage (6). if the wheels
rest profiuding and partiaily exposed to the aif Stream аftеr lэеiпg re-
tracted, the systen iS cal]ed sеmi-rеtrасtаЫе. Most letraction SySTemS

rlg, zv, ýПОСК:il)ýОГЬеr аrе hydraulicall5.-operated, thоugh sonre аrе electrically_opelaled ot
even manuall1,-operated. Tlris addslveight and complexity to the design. {n retractable gеаr systems,
1he compaftment whеrе 1hе wheels аrе Stowed are callec1 wheel lvells, which mау also йirrish чаlц-
аЬlе oatgo or fuel space. As аirсrаft grorv lаrgец they enrploy mоrе wheels to соре rvitlr the increasing
weights. Тhе tsoeing 747, iоr exarnple, lras five sets ofw]reels:
а nose-wheel assembly atrd fоur sets оГ four-wlieel bosies. А
set is located uпсlеr eac}r wing. an<l two iппеt sets аrе йсаtеd
in tlie fuseiage, а little rеаm,аrсl оГ the outer bogies, adcling
up to а total оf eighteen wheels and tires, The Airbus А380
also has а fоuт-п,hееl bogie under each wing witlr tw.o sets of
six-wheel bogies uпdеr the I'uselage. Тhе errormous ukrain-
ian Antonov Ап-225 jet cargo airoTal.t has one оГ the largest,
if] not the laцest, пumьег оl individual wheel/tire assemblies
in its landing gear design - \yith а totai of fuur lvlreels on the
hvin-strut nose _qear units, and а total of 28 main geaT wlreell'
tire units. adding up to а total оlЗ2 rvheels an<i tires, Fоr lisht
аirсrаft а ýре of landing gеаr which is есопоmiсаl to produ'ce
is а simple r.vooden аrсh laminated liоm aslr. as used on sоmе
lrorne built aircratl. А similar аrсhеd gear is otlen fomled 1i.o* Гig-l_ К*БсiiБББЕiýlii
spTing stee1. Tlre mаiп advantagc of such gear is that no other Shock absorbing device is needed; tlre
dellecting leal'pгovides the shock absorpliorr. 
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1. Modem lапdiлg gear usualiy includes wheels equipped with:

1. Tires 2. Sрriпяs
з. shock absorbers 4. BolB

о
LJ

5. Brakes 6. Automatic tire pump

7, Мапоmеtеrý 8. Anti-slick system

2. Shock absorbers:

l. Absorb and dissipate епеrяу

Еоэ
2. Release епеrgу

3. Produce епеrgу

4. Store energy

3. Landing geaT is Ietracted into the fuselage оr landing gear to:

1. lncrease drаg 2. Ballance the aiTplane

3. PTotect from dаmаяе 4. Protect hydraulics from frееziпя

а
оо

5. Fill the space inside wiпg оr fuselage 6. Decrease drag

7. Pump чр йе tire Ьеfоrе next lапdiпя 8. Protect birds against strike

4, Select апу aircraft you want in the university hапgат апd count tlre number of nose landing gear
wheels and main landing geaT wheels. Dеtегmiпе their diameter and fill in the table below.

Aircraft name
Nose LG wheels quan-

tiry
Main LG wheels qчал-

fity
Diameter
поsе/mаiп

5. Now calculate the чоlumе ofnecessary gas to fil1 the поsе wheel tire for the сhоsеп plane, То саrry
out this task first calculate the whole volume of tire with овtеr radius, then calculate the чоlчmе of iп-
пеr radius which has to Ье removed from whole voiume апd you will get the necessa.ry amount of air to
pToduce 1 atm. pTessufe.

Tire outer radius тirе inner Tadius Tire thickness Volume, m]

зб



Landing gеаr

5.2 Landing gеаг t}ipes.

сопfi guration апd
Nose Configmatiori Екаmрlе Оthеr tlpes Name

€ Апtопоч 225
:i';? ''i'м,

Фf Standard

Аз 18, А319.
Аз20, Аз21 Ski

,----"1
А300, Аз10. Азз0 Сrаwlеr

,--'=--1
Аз40_200/300 PoI]tOon

/'--т'1
\-!! , l

Аз40-500"600

,---1
Аз80

,"--ri--l
Boeing 7З7

Boeing 747

,--z-|
!_t Boeiлg 757, 767

\* al l
Воеiпg 777

".---;"а Boeing 787

Boeing В_52

ТаЫе
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Practical and lаЬоrаtоrу actiйý

nL-d Ьпdiпg gеаr do уоч know?

: _\poпtoon type of landing gear retracts into:

_, \1 2. Fuselage

4. Tail unit

Еоо

5. It does not retтact 6. lt does not exist
7. It is а раrt of lyiпя 8. Nопе ofthe variantý is coTrect

З. What factor influence on the quantity of landing gear aad wheels?

1. Fuselage lепgth 2. Wings size
3. Аirрlапе mass 4. Туре ofengines

оо

5. Flight Bnge 6, Airplane mass and geometrical size
7. AiTplane run speed 8. Qчantity of passengers

4_.. In the rrniveTsiф hапgаr choose апу афlапе you want алd determine the 1anding gear type ас-
coTding to the table in уочr workbook (table 5) апd draw it iп the table Ьеlои

5. Wlrat parameters influence оп landing gеаr location?

Aircraft паmе
Landing gear ýре фiс-

fuTe)

Name оf the афlапе
with similaT type from

table 5

Name of the landing
gear if it is nonstand-

ard



Landing gear

5.3 Landing gеаr materials, possible damages, diagnostics. l

Landing gear mаtегiаls аrе made in most cases of steel and titanium. sйs and cylinders of the land-
ing gеаr аге made оГ steel allo1,5 16 w:ithstand high stTesses during aitcraft landing. Alumirrium, bTonze
alloys also used, lrut aS а pafis ofpiston. and those parts which doesir't take patt i'n high loads support,
When the airplane goes on landing, the shock аЬsотЬеr carries а hrLge loat1 orr itself ani compresses the
gas inside thе gas chamber, Due to the compression gas lreats up and this can Ье dangerous and leads to
tlre dашаgе olthe landing gеаг. То plevent the explosion of tire оr damage of tlte lапйпg gear and loose
of its c:haгacteristics. when oil is foaming uпсiеr tlre hear,y usе. а neutlal gas should Ье рumреd inside йе
shock аьsоrьеr like nitrogen. lt is а non-explosive and noncorTosive gas which doesn'i rеаъt with metal.
Landing gear wheels аге also punlped with а nitrogen,

Тhе possible landing gеаг damages are: lеаkа_че of the shock absorbe1 сrасks in places where huge
loads act, abrasive scratches on the strut, brakes failure, tire slippage, actuators t'аilш-е. Cracks арреаr сluе
to the wеаthеI condition changes апd excess оf pemrissible ]oads on the 1anding gear (fig. 22'). ДЬтаsiче
scratches арреаг in fiost cases duTing landing and take-olТ, wiren tlre landing gеаr str-ur; йаs contact with
small particle otidus1 wlriclr are raising frоп-r the grоuпt1. А tirе slippage suggesis that during maintenance
а soap, watet installation liquids could have contact with trre, BTakes оfthъ landing gear ian fаil duе to
the problems in hydtaulic system or due to очеrhеаtiпg everr it is possible tlrat they йi mett and tires can
explode.

lv{alfimctions or human errors (оr а combination ofthese) related to retractable landing gear have Ьееп
the cause olnumerous accidents anrl incidents throtrghout aviation historv. Distraction аЙ"рrеоссuраtiоrr
duгiпg the landing sёquепсе Pialzed а рrоmiпепt role in the appгoximatei,l, 100 gеаr-uр 1anding incidents
that occuпed еасh year in flre United States between 199s a;d 200З. А gear-ip lапЪiпg incident, also
kпоwп as а beily landing, is ап accident that mау tesu]t tiom tbe pilot simply ibrgettin-g, оr 1'ailing, to
lower the landing gеаг before landing оr а meclranical malfunction that doei not аПоrч tlie landing gear.
to Ье loweTed. Аhhбugh Tarely Гаtаl, а geal-up landing is very expensive, as it causes rnassive airfrarne
damage. Fоr рrореilет driven aiTcraft it almost always requires а complete rebuild of engines Ьесацsе tlre
propellers stгike tlre ground and suffer а sudden stoppage if tlrey are runnirrg drrring tie irnpact. Many
аiгсrаft betiveen the wars - at the time when retractable geal was becomirrg Й--оiрlасе - wеrе delib-
etately designed to allow the bottonr ofthe wheels to protrude below tlre fuselage ечеп \йеп retracted to
redrrce the damage caused if the pilot foIgot to extend the landilg gear or in case the plane was shot dor.vn
alrd fоrсеd to crash-land. Examples inclrrde the Аl,rо Anson
and the Douglas DC-3. The modern-day Fairchild-Republic
,d-10 ThundeTbo]t lI саtгiеs оп this legacy: it is sinilarly de-
signed in ап effot1 to avoid (lrrгther) dan-rage during а gear-
up landing, а possible consequence оГЬаttlе damage.

Some aircraft hаче а stiffened Гusеlаgе bottorn оr added
fiпп structtл,es, desigrred to minimise Struсtчгаl damage irr
а lvheels-up landing. When the Cessna Skymaster was con-
чеrtеd for а military spotting role (ttre О-2 SkyrTaster), fi-
breglass railin_r:s rчеrе adcletl to rhe Iength of the Гusellrge:
tlrev weTe adequate to suppo11 the aircraft without darTage if
it ц as lапсlсd оп l gгаssч surfacc.

On Septernber 21. 2005, JetBlue Aintays Fligh.t 292 suc-
cessfllly landed with its nose gеаr tumed 90 degrees sirle-
rvays. Tesulting in а shower оГ sparks atrd l1ame alier touch-
dоwп. This type оf inoident is very чпсоmmоп as the nose
oleo struts are designed with centring cams to lrold the nose
tlteels straight until thei are compressed bv the r.veiglrt of
tlte аirсrал.

Fig. 22. Landing gear сrасk due to intertlal
corroýion

То plevent the accidents Telatedto the landing gear avisual inspection is always <Jonebefore tlre airplane
take-oft" which calr include supersonic, lTagnetic ancl paint cracks detection methods in metal surt'зces.
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Praetical апd laboratory асtiйф

1. What gas is often used in landing gear shock absorboTs?

1. Аrяоп 2. Охуяеп

3. Nitrogen 4- Neon .a!

.с)Е
о

5. Helium 6. Hydrogen

7. Krlтton 8. СЫотiпе

2. АЬгаsiче scfatches оп а landing geaT sfi]t арреа1 due to:

1. Rapid temperafure changes

2. Hydraulic liquid ieakaqe

3. Lack of tlre lubricant

4, Contact with small particles of dust

3. What is the most frequent incident оr accident which is Telated to landing geaT operation?

1. Tire explosion 2. Brakes mеItiпя

3. Strut Ьrеаkаgе 4. HydTaulic liquid leakage

9

о

5. Веllу 1апdiпя 6. Actuators failure

7. Landing gear deformation
8. Freezing ofthe landing gear on Ьgh
". altifudes

4. Choose алу афlапе you want in the univeTsity hangar and find damages оп thе landing gear. Fill
iп the table below.

Aircraft name Landing gеаr iocation Damage location Damage type

5. Опсе you located the damage апd described it, wTite down the causes of damage апd ways to
eliminate it,



I

i,ол:у::|Зl1 a,system that сrе"t.r]l,r"uб;ltоl:Н,i}1,1*"r,. о o"rver plant consists of an engiлe,auxiliary Systems and engine nacelles. N{otlem аirсrаfts Ltse turbofan eлgines. Дп exanrple "i;й"";;епgiпе is shown on figute 2З, ]n these engines tlre main соmропепt wh:ich create thrust is fan ( l ). Д part
оГthе aiT comes through the fan and is ejected through lhe orrter сопtоur (2) into the аtmоsрhеrе, This аir
serTes also fоr air conditioning System оfthе аirсrаft and creates j}om 70% to 80% of tlre r.vhole engine
tfurrst, Arrother pа]t of йе air comes tlтough the intemal сопtощ of the engine (З) and injects into the
1or,r" pressure cofilprcSsor (LPC) (4). А LPC compresses the аir up to severai tinres'an<l tlirect it into thehiф pressure compressor (НРС) (5) fоr further compTession. These tц,о сошрrеSsоfS are mоuпtеd оп two
different shafts (Пvо spools). А LPC is moturtecl оп intemal slraft (6) апd НРi is mounted оп the extenial
shaft (7). Aftet the FIPC the ail flows into the combustion сhаmЬеr (8). Fuеl atomizes inside the corTrbus-
tion сhашьеr through the fuel injectors. After that fuel mixes with heated and compTessed Ьу соmрrеssоr
аir and сгеаtе Гuеl-аir mixture. А spark рlug combusts tlre mixture and the 

"ompres.e,1 
gus plessure lap-idly increases. Аftеr the conrbustion сЬаmЬет а compTessed lrot gas florvs tlrrough the high pressure tur-

bine (НРТ) (9) wlrich is mounted оп thе ехtегпаl shili апd rotates the НРС. тhй the аiЙоЬеs through
tlre low pTessure turbine (LPT) (l0) which is mounted on ап iлtemal shaft.

l. Fап
2. outel,con-

toLrr casirlg
З. Interrral

contour
caSing

4. LPC
5. нрс
6. Intelnal

s1-1att

7. External
shаft

8. Combustion
сhаmЬеr

9, нрт
t0. LP,l,
11. Nozzle

Fig. 2З. Turtrofan cngine cцtatyay

Low рrеssurе t].lt,bine connected with fan thTouglr thе shall. Tlre air is поw cooled апtl солrеs tiтouglr
the engine nozzle.

Tut,bofan елgiпеs соmе in а vатiеtу of engines configurations. Although fаг frоm со11lшоп, the single
shaft_turbofan is the simplest configuration, соmрrisiпg а fап and Нрс iriчеп Ьу а single turbine шпit.all ofthe same shaft. опе of tlre earliest turЬоГапs *u, сIвOS-Zз. п,iiсh featurei m iпЙgrаtеd йn/low
Plessure hrrЬiПе unit located iп the hrrbojet exhaust jet pipe, IIot gas from the hrrbojet tJri;n" .*bourt
expanded througll йе Lp! the 1ъп blades being the radial extension of the tLtфine blacles. one of the
рrоьlеms witlr the aft tan сопfigurаliоп is hot gas leakage liorn tlre Lp turbine to the ]bn,

, 
Тhе main ruгlэоfап engine mаlrulЪсturеrs are: Gепеrаl E]ectric (USA), cFM Тпtеmаtiопаl (а joint

of GЕ arrd Frепсh SNЕсМд), Rolls Royce (British), Pratt&\Yhitne1,, Дviadvigatel (Russia), lvchenko-
Рrоgгеss 1U kTaine;,

Modem airylanes try to decrease the quantity of morrnted p<lwerplants. This condition is due to de-
crease of tuе1 consumption, failrrTes оссurrепсе, maintenance simplification alrd decrease оf airplane
masS.
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i. What does роwеr рlалt consist of?

l. Engine 2. Auxiliary systems

воо

3. Eogine nacelles 4. Fап
5. Рrореllеr 6. Inlet duct'
7. Nozzle 8. Fчеl tanks

2. А fuel-aiT mlхturе is created iп:

1. High pressure compressor

о

2, Combustion сhаmЬет
3. High pressure turbine
4. Nozde

3. Arrange the епgiле sections iп а рrореr way like they are located in engine, consideTed in tlris 1es-
son. Draw the Same SquаrеS, but in а рrореr sequence.

ШЕЕЕIЕЩШЩ
4. Now, afteT you рrореrlу arranged englne Sections connect йеm in а way they connected iп consid-

ered engine.



gine has cYlinders lined uр in orre гоur It typically ьо, on 
"u"i 

r,*',i;;;Ыr.fi,;r"d;;;:Ж;:;
огthтее- and fir,e- cylinder engines. The Ьфеst advantage oi'an inline ellgine is 1hat it allows the аirсrаfl tоЬе desigrred with а пагrоw fiontal аrеа fоr lo- rlrаg. Rot":.y- еlцrпеs have all the cylinders in а circle аrоuпdthe crankcase like а rutlial engine, but the difference is that tbe crarkshaft is bolted to the аirfrаmе. and flrepropeller is bolted to the engine case. The епйе engine lotates with фе prop"rro рйr,;о;"йй.if;#;

:J::,:,:,:i::1,i:"ou"*i.* огьu6,i?ilЖi.l}::"Я:-#i'.Р"]"i',п"о o..ip concepts. Ап inlin" 
"nl

Table 6. Basio types ofailcraft engines for cooling regaTdless of thе aircraft's forward speed. Cyl-
ffi y-d,-"1n \-епgiле аге а:r,ап*цеd in two iлllne banks. tiltedЕлgiпс ryре ýсhеmе Exampies

Iл-lirre
слgiле

r_*9. ]i:",l],-l _F]
] ,: .;] :: Ф
Lý;,{;]l j,: * ý 0sht F],vcI

Rоtаrу
crgi!le

аЁ**
.''],: Ъ '.}
tl .ýir;

**-1t

Fokker D.I,
l,e Rhone 9J

\rt_Ype
engine

Spitfires. ?-51
Nltýlз]lg

Radial
€пgiпе

Mitsubishi
zelo.P-47

тhuпJеrЬо]!

Ноr!
Zontally-
oppoýed
engine
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к*""+
Мiсrо Ачiэ,

Realily
Escapade

Turbo-
prop A,l00N{."lu_

poiev Tt_95

1'лr-
boýhaft Alo cltc ll

"l'цrboiot tle l73, N.le

262. con-

тlrrЬоfдп Boejng 7]7,
Airbus,{]20

Rockct
Be]t x,l,

сап х-]5

З0-6t} dеgзееs apar1 fiоm eaclr other The Y design provides
а higlrel pou,er+o-r,veiglrt ratio than arr intine ефiпе, while
still pгor.iding а smal] frontal аrеа. Radial епgiпйоr'пп* о.
mоrе rows oi'cylinders aTanged in а circle at оuпd а centrai-
ly-located crankcase. Each row must lrave an odd пumьеr of
cylinders in oTder to prodlrce Smootlr operation. А rudial еп-
girre hаs orrly опе crank throw per rоw and а relativelv snra|]
сrаirkсlsе- геsultiпg iп а hroLrгabIe po\l ег to weighr rrriо.
Because the cylinder arangement exposes а 1аце amoLmt
ofthe engine's heat fadiatiлg sulfacesio the аir aid tends to
cancel rесiрrосаtiлg forces, radials terr<l to cool ечелlу and
run smoothly. An horizontally-oplrosed engine, also call а
fla1 oI boxel engine, hаs trvo bank, оГ.уliпi"., оr, oppo.;t.
sides cf а сепtrаilу located crunkcase. Ttle 

"ngine 
is ЪitЬе.

air cooied оr liquld cooled, but air cooled versiins predomi-
nate. opposed engines аrе mor:nted ivith the crankslraft hоr-
izontal in airp[anes, but mау Ье mounted ."vith the crankshaft
vertical in helicopters. А furboprop is very efficient when
operated within tlre rеаlm of cruise speeds it was tJesigned
for,. whiclr is ýpically 200 to 400 -u,l, 1ЗZО to 640 Й'h).
Тuфоshаtt engines аrе used primarily ior trelicopters and
auxiliary роwеr trnits. А tiu.boshalt engine is vcry similar to
а furboprop, wiй а key differencc; Iга turЬорюр the рrо-peller is suppolted Ьу the епgl'пе, and the engine is boited
10 the.airliame. Iп а hrrboshaft, thе engine dоЙ nоt provide
any direct physical suppoft to the helicopter's rоtй. The
rotor is connected to а tTansinission, which itself is bolted
to the аirfrаmе, апd thе ftlrboshaft engine simply feeds tlre
transrnission via а rotating shaft. А turbojet is the simplest
of all aircraft gas tmbines. It featmes а compressor to drar,v
аir iп an<l eompress it, а соmьustiол sectioл which adds fuel
апd ignites it, опе or mоrе tuTbines that extTact роwеr lrоm
the expanding exiaust gases to dгiче the co-pr"sso., and an
exlraust nozzle which ассеlеrаlеs thе exhaust оut the back
оГ tl-re engitre to сrеаtе thrust. А 1urЬоfап engine is muclr
tlre.same as а tuгьоjеt, but with ап enlarged {.an at the Iiont
which pTovides thTst in muсh tlre ,urni ouuy as а ducte<lpTopeller, resulting in improved fuel-efficiency. Аlttюuф 

'h" 
;; ;;.;';;;;;;';;;;;bler, the su..rounding duct frees it fiоm mrrny оf the restirciions whiJlr fimit рrореIlеr реrfоrmzшrсе. This operatiorr is аmоrе effcient lvay to provicle thrust than sirnply using tlre jet nozzle alone and tuгьоfапs аге nrote eficientthan рrореllеrs iл the trans-sonic rапgе ofaircra{l ,рЙ,]r, uo,l"un operate in the supersonic теаlm. Rocketengines аrе not used fог most а,rlп af] as the епе.gу and pTopel]ant efficiency is very рооr except at higlrspeeds, br,rt have been еmрlоуеrl fof short bumts о{:,speed anj takeofT.
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1. ТчrЬортор 2. ТчгЬоiеt

3. Piston engines 4. Turbobn
g)

оо
5. Turboshaft 6. Pulse iet
7. Ramiet 8, Rocket

1. What engine ýpes use рrореllеr to сrеаtе tllrust?

2. Ajot епgiпе is fuelled with:

1. Petrol

вU

2. Kerosene

3. HydTosen
4- Nitro mеthапе

3 . What engines ате not used for most оГ the aircraft?

l. ТцrЬорrор engines, 2. TrrTbofan engines

3. Rocket епяiпеs 4. Turboiet епяiпеs

Е
U

5. Radial engines 6. Turboshaft епяiпеs

7. Y-Фре епяiпеs 8. Rotary епяiпеs

4. Choose апу афlапе you want in the university hапgаr алd write dоlлrп into the table, what engine

фре is installed оп that рlапе.

Aircraft паmе Quапtiф of engines Engine(s) position Ensine(s) Ере

5. Fill in the иЬlе below.

AiTcraft паmе Engine Ере
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б.3 Роwег plant (engine) materials, possilrle damages, diagnosti*s.

::::j;11{,::'*'; ll1i,:]*:1*1,1;nt, 
tlrermally ,i"ы" """,p.".,ri;;;J#il fie viability оfапу аirсrаГl desigil, and certain materia]s hаче been developecl1o provide these апсl оlhеr desiTable tTaits.

Y:'::*..:З::а* engines 
$irеr fr11 

lidrаmе materials. Pistons in piston engines ot't"n *ua" ог
i:::';::::1'"1"r:l'чj_:,,_.::.T::t 

alj tlвhьчl;вhtлlhептаl conductiviti p;uo" i,,_*, *. 
"оmпопlуmade frotn cast iron. Cast irоп retains the integгit' of its oгiginal shape чпdЪr heat, й; ;li1i;, ,i*пяrtiс fлr.о"

Jet engines usе апоthеr ýpes of materials, Titaлium, first created in suliciently pure foпrr of соm*nrercial use dш{пg the 1950s. is utilized Ь tlre most critical engine componeлts. Whil; it is ;еry diificultto shape, its ехtгеше hardness renders it stTong whеп subjected to intense heat. То imрrоче maileabilitytitanimn is often alloyed wifli otlrer meta]s suй as nickel and аlumiлium. A]l thrееrn!Й, u,.. р.rr"С Ьуthеtеrоsрасе industry because of their relatively high strengthlweight ratio.
The intake Гап at thе front ofthe engine.must Ье extremel! stTong so that i1 doesrr't 1iactuTe when largebirds апd other deblis are srrcked into its blacles; it iS thus йаdе оГа titanium alloy. In rTodem епgiпеssontetirnes composite materials such as kе,,,,tаг and сатьоп fiьrе are used to рrоduсе Гап blades. Тhе in-termediate соmрrеssоr is nratle from alrrminium, whiie the lrigh рrеssurе section пеаrеr the intense heatof the соmЬustоr is nade of nickel and 1itanirrnr alloys better аБlе to witlrstand ехtrеmе temperatures.тhе conrbustion сhаmьет is also made ofnickel and tiianirrm alloys, and the turbine ыасеs, *,hich mustепdцrе tlre most intense heat of the engine, consist оf nickel-titanium-alumiлum alloys. оftеп. both thecombustion СhаmЬеr and the tu'bine receive special 

""ru*i. "outing, 
;;;;;;;;;;;;l#;;.J:;

heat, The iппеr duct ofthe exlraust systen is cralted tiom titanium. while the outer exhaust cluct is madetiom composites-synthetic fiЬrеs he]d together witlr resins. Although fibreglass r,vas used Гоr years, it isnow being suppianted Ьу kevla1 which is even liфtеr and slrопgеr. The thrust rечеrsеr consists o1'tita-пium alloy.

natnic fоrсеs-

tlrat сап Ье expressetl in plrysical оr есопоmiJtей

Damages оГthе je1 engitre is tlre most common problem оГ the who]e аirсrаft damages. Foreign оЬ-

1;:l:::1т::,::"*ч:*:,.:*,lчт,еd 
to а fогеigп oblect 1i.e. .;;"Й;.;Й;;l;','"iо,iТi,п. *bi"bi

and mау oI mау not <tegrade the pro-duct's геquirеd
sаiъý or ретfоrmапсе characteгistics. FоD is ап аь_
breviation often used in aviatiorr to describe Ьоth the
dаmа_че done to aircTaft Ьу forcign objects. аlrd the for-
еiяп objects then-rselves. These damages can Ье caused
Ьу birds stгikе. rоIсалiс asll. mаiпrепапсе rooIs IеГt Ьу
maintenance staff,

Volcanic ash сап hапт ал аirсrа:Гt engilre (fig. 24).
Тhе effect on jet aiTcraft engines is patticularly ieveie
as large amounts оfаir аrе sucked in during conibustion
operation, posing а great dangeI to aircralt flying near
ash clouds. Vеry fine чоlсапiс ash particles (рЙiсu-1arlyg1аss.richiffromaneruг|r^o]^r1lfriсе)suсkес].ffi
into а jet engine melt at about t, ] 00 .с, fusing onto the '
biades and othef parts of the tшЬiпе (which феrаtеs at about 1,400 ОС). The effect on the operation of аjet engine is ОftеП to cause it to,cut 

_оuЁГаilirrе оf all а рIапе's engines is соmmоп: чоlсапiс ash parliclescan erode and destroy parts, drive it оut-оf-Ьаlапсе, ond cuus";um, in rotating iтаJи.| a1.o ,;rnpi.lack о:Гохуgеп is given as а probable cause oI'engine Гаilш,е. Fооliлg оГtЬе .nlirre t"шр"iurur. ."n.o.r.Ald compTessor Sta1l and flameout can Ье other ieasoB. оftеп а sirnple abrasiБns .un .ul,r. do-ug" oferrgine's compTessor оr turbine bla<les. afteT wlrioh cracks сап appear and cause the blade breakage. Whenthe blade is broken, vibration occurs dше to the complessoT or turьiпе disk uпьаlапсе occurrence. s,,chvihation сал desfoy othel engine blades or parts jich leads to catastophic accident.
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Power plant

Practical and laboratolу activiq/

'l 
. WЪаt matelial is used in the most ctitical engine components?

1. Дumiлiurп аЦоуs 2. СаrЬоп and glass fibbeT

3. Ir{agnesium Дlоl,s 4- Plastics .2

с,,)
5. Тitапium 6. Веr}flium

7. Steel 8. Iron

1. Aluminium alloys

о(,

2. Plasfics

3. Composite matedals

4. Steei alklys

2. Мосlегп liglrtп,eight fan blades аrе mаdе ot

3. The most соmmоп епgiпе damage is:

1. Foreign oblects hit 2. Fап destruction

3. Turbirre b]ades melting 4. Fuel injector clogging

5. Compressor blades rTpttrte б. Compressor suTge

7. Nozzle meiting 8. Volcanic ash sticlring

4, Choose alry engine you want in hапgаr and try to find епgiпе damages, Fi11 iп thе table

Аirсrаlt паmе Engine location Darnage location Damage t}?e_

5, дп illustration belo*, illush,ates the tuтbofan епgiпе. Ur-rdeT еасh engine Section put пumЬегS that

reflect the level of engine stress (heat. forces, pressure) accoTding to engine principle of work.
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Functional systems

?.1 Functional svstems overview
. An aircraft is а very complex machine that contains several systems and eaclr of them регfопr-r special
I'unctions Гоr рrореr aircratt Гunctioning. These systems inclurle: electTical, hydTaulics, oxygen. f.uel,
tlight controls, ice protection, air conditionillg.

The Гuпсtiоп о:Г the аirсrаГt e]ectrical system is to _qenerate, regulate апсi distribute electrica] power
thToughout the aircЕft. New-generation aircraft rely heavily оп eleotrical polver because оlthе wide use
of electrclnic flight iпstrumепt systems. Aircraft eleclrical power is used to operate: aircraft flight iпstru-
ments, esserrtial Svstems раssепgеr serтices. Еасh of thе engines on an aircraft drives ап дС genelatot.
тhе роwеr produced Ьу these gепеrаtоrs is used in поrmаl flight to supply the епtirо aircraft lvith po1l,er.
Most о{lеП the APUs (auxiliary power uBit) power is uset] while thЪ-аirсrаft is оп the grouncl drLring
n]aintenance оr tЪr engine starting. Ноwечец most aircrat't can use tl-re дРU w-hile in fligЙt as а backup
power source.

Therc are rTultiple applications 1Ьr hydraulic use in аirстаГt, clepending on the complexily оf the
aitcral1. Fot example, hydraulics is o{ien used on small aitplatres to ореrй wheel brakes, relractable
landing gеац and Some constanl-Speed propellers. Orr large airplanes. liydгaulics is used tbr flight control
surfaces, lving ýaps, spoilers, and othel systeшs, llytlraulic systenr provides the exh.a force required to
move large сопtrоl sut{aces in hеачу aerocll,natnic loads.

The fuel system is designed to provide ап uninterupted florv of сlеап fuel tiom the fuel tanks to the
епgiпе. The firel must Ье available to the епgiпе untler a]l conditions ofengine power altitude, attitude,
апd during all appl,oved fli_eht manoeuvres, Two соmrrоп classifications uppty io Пr.1 systems in sma11
aircraft: gravity-Гeed and fuel-pump Systems. Gravity-Feed svstem utilizes the force ofgravity to tTalrster
the fuel frоm tlre tanks to the engine. Fоr exatTple, оп high-rving airplanes. tlre ftel tanis are installed in
the wings. This places the Гuе] tanks above tlre саrЬчrеtоr, ancj йе fuеl is gravily lЪd through the system
and in1o the carburetor. IГthе desip ofthe aircraft is suсh that gTavity саппЪt Ье used to trыisГеr f'uel, fuеl
pumps ale instailed. Fоr ехаmрlе, on low-wing a:irplanes, the fuel tanks in thе wings are localed Ье]оц,
the calbLгetor. Fuel-purnp systems har.e trvo fuel purnps. Tlre main pump system is Йgiпе dгiчеп witlr an
electricaily driven auxiliay рumр provirled foT use in engine starlЙg atrdin the .ч"й th. епgiпе рumрйils, The auxiliary рumр, also known as а boost pump. plovides addeti reliability to the flrel system. Tlre
electrically driven auxiliary ршlrр is controlled Ьу а switch iп tlre flight deck.

Aircraft fiiglrt contlol Systems consist of pTimary ancJ secon<lary SyStemS. Tlre ailerons, elevator (оr
stаlэilаtоr), and rudder constitttte the prinary сопtrоl system and аrе теquiгеd to сопtrоl ап aircral1 safely
during flight. Wing flaps, leading edge devices, spoilers, and trim ýystems constitцte the secondary con-
То] System and improve tlre реrlоtmапсе characteristics оithе ailplarre оr relieve tlre pilot ofexcessive
control lьrсеs.

Anti-ioing equipment is desi8ned to рrечепt the fomlation оГiсе, while deicing equipment is designed
to rеmоvе ice once it lras formed. These SyStemS protect the leading edge оf wing and iail surfaces, pitot
and static por1 openings, fuel tank vents, stall waning devices, rvindйields, апс1 propeller blades. Ice
detection lighting mау also Ье installetl on some аirсrаft to t]etermine tlre extent of structural icing dunng
night ffights, Most light aircraft hаче only а lreated pitot tube ancl аrе not cefiified for fliglit in icing. Tlrese
1ight aircraft have linrited cross-country capability iп the cooler climates duriпg late fali l,inter an<l еаrlу
spfing. Nonceгtificated aiTcraft must exit icing conditions immediately.

Most high altitude aircraft come equipped u,ith some type of fixej oxygen installation. If the aircraft
does not have а fixed installation. potlable oxygetr equipment пrust Ье readily accessible during {light.
The porlable eqr,ripment usually consisls о:Га containe1 rеgulаtоr" mask outlet, and ргеssurе gauge. Дir-
сrаft oxygen is usuallY stоrеd in high pressure system containers оГ 1,800-2,200 pri. Wh"n the ambient
ten]peTature sutTounding an oxygen суliпdег decreases, plessure withirr that cylinder decreases because
рrеssurе r,aries diTectly with tempel,ature if the чоlчmе of а gas геmаiпs constant. Tlre containers slrould
Ье supplied r,vith aviation oxygen only, which is l00 реrсепt pure oxygen. Intlustrial oxygen is not iпtend-
ed fоr breatlring and mа1, contain impurities. and medical oxygen contains water чарой that can freeze
in the rеgulаtог when exposed to cold temperatures. То assuie sаtЪф, perioclic inspection and selvicing
ofthe oxygen system should Ье done.
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Тhеmе 7. Functional ýyýtems

Practical and laboratorv activity

] . What Гuпсtiопаl systems ajrcraft does not iпсludе?

1. Electrical 2. Охуgеп
J l,t]el 4. Hydraulic .!

5. Expiosion wапriпg б. Flight controls 9

о7. Air conditioning 8. lce pfotection

1. Protect passengers from temperature decrease iп cabin
2. Ргоtесt wings and tail surfасеs from ice formation
3. PTovide cooling оГthе power plant witlrout icing
4. Unfreeze the luпсh for passengers

3. The secorrdaTy сопtrоl system include:

1. Аilеrопs 2. Elevator

(-)

3. Ruddег 4. Flaps

5, SpoileTs 6. Slats

7. Тrims 8. Еlечопs

4, Choose апу aitplane you r.l,ant and fi11 in tlre table with systenrs that airylane include.

Aircraft
name

System Systenr Iocation System prrtpose
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Aircraft principles of flight

8.1 Airfoii аеrоdупаmiсs

"+ji"j":,:-r:i:;лj"::::,;,l:::":j"j..:"d 
,"";;";;;;ir;;"rs аrе built with airfoil-slraped cross

ж::T;,?: ::: ::':":,o,::1, :"l";*!., Airfo il s arc ы," г" Й'i" р.jr;:r;i':;''p",'J.::ýil1}:
у'}ъ,':т,т".?::::*::,:::,::::.:.y""тl;f;;;,;;ii,fi::й:fi:'""JХ;Т;.:ЖiН,аrе sim;]]ar in cross-section and ореrаtе оп the same
prlnciples as airfoils. sr,vimming and flying creatures
and even many plarrts and sessile organisins Jmploy air-
foilsДydrofoils: соmmоп ехашрlеi being biri и,iпgs,
tlre bodies of flsh, апd tlre slrape of sand dollars. Ь
aiгfoil-shaped wing сtrп cTeate do.1lrrforce on an auto-
mоЬilе orotlrer mоtоr vehicle" improving tmction.Any
object rvith an angle of attack in u ,почйg ffuid, suй
as а flat plate, а building. оr the deck оГ Йr;Оgе, w;il
genelate ап aerodynamic fоrсе (catled lift) реrрепсliсu-
lаr to tlre florv. Airfoils are mоrе eflic;ent tittni *apes,
able 1о gепеrаtе rпоrе lift (up to а point), una io g"n".-
ate lift with less drag. А lift ant! drrg "*". ob7ained
iп lvind tunnel testing is shown оп thе figure (fig. 25).
The сшvе герrеьеп15 ап аirГоil wilh u poiiriue сimЬег
so some lift is produced at zelo ыпglе of attack. with

l8 degrees this аirГоi] stalls, апсl Iitl IЪils ofrquickly beyond that, The dTop iп liГt сап Ье explained Ьу theaction ofthe upper-surйce Ьочd.ау tuy"r, .bi"b."pJrui.* uua g..otry tltickens очеr rhe uрреr sur'bceat and past the sИil апglе, The thickened boundary toy".:, Йрru.".еп[ lhickness changes tlre airlbil'seffective shape, in pailicular i',:9:.:: iB_effectivЪ 
"J-i"ЙЬi"r, rnocliIies the очеrа]l ffow field so as

::У:;тlт;::1:1"т:::'1"лl111П:,,'*r"5., ЬоuпJu,1,1uу". ulso causes а 1аrgе iпсrеаsе itr pressure

increasedаngleoГattасk'lif1inстеаsЪslnaгoughlyri".нfu
ear rclation, called the slopc of the lill сurче. .i.t ubout

drag, so йat the overall drag increases sharpl), пеаr апJi;;. iйй;;Ж-;Ж"rЖ:Т-;;, 
г _ _ _ _;_л.л^i..,,_,, л.l------\ геiаtесj to air]bils uге:

тhе nremr сашьеr line is the location оf
points nridway between the uрреr and lo,1v-
еr surfaces_
The. ciloTd line is а stгaight line connecting
tlre.leading апd trailing edges of.rhe airtbii
at tl)e ends оГ lhe tneat сапrЬеr line. The
chord is the length of the choTd line and is
the characteristic ciimension of the аirfоil
Section.
The nraximum thickless ал<i thе location of
mахimum thickness аrе expressed as а pel-
centage of the сhоrd.
Fоr syn-tmetrical airfoils both rrrean сапrьеr
]ine алd сhоrd iinepass frоm сепlrе оfgзач-
ity.of t}: аiгfоil and thеу touclr at leJding
апd traiiing edge ofthe airIbil. Tlie аеrоdч-
паmiс centre is the chord wise tength about
which the pitching moment is in<leoendentFig. 26. Airfoil _aerodynanicý
ofthe lift coeficient алd the angle ot attack.

];'''э::ъ"*тj,л,:,::_*"_:1'"",сl.уisе 
location аь"", 'h;;il.;iffi;;LН,Т;:.Т:;;:ТiJi;

1Т::',Тj:3:Т:::":::,:э::ý;i,1|1iil{оirr,еtъ;*"'.й;;r;; Ж;Н ъfi"";fl;:::
$ill.у1""::j1""r::r,:,i1|1..encebelou,ancl,,c*ib"БiiiЫ;.ff;,""xi;fl::Ж.Жrvith darker shade show the lrighег ргеssurе апа tigbter аlеаs Jbow tbe 

'oweT 
air pressure.
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Тhеmе 8. Aircraft principles of flight

Practical and laboratory activity

1. То create drag 2. То create friction
3. То create lift 4. То cTeate thrust

!.)

5. То create wiпя shape 6. То create space for fuel tank
7. То саrrу wine skin 8. То create antigravity

1. What is aiTfoil usеd fот?

2. An angle ofattack is:

3. А centre ofpressure is:

1. The сhоrd ч,ise ]ocalion about which 1hе pitching rпоmеп1 iS less than zelo

оъ

2. Tlre сhогd rvise location about which the pitching шоmепt is gTeater than zеIо
]. The chord wise locatioB about whioh the pitclling moment is zеrо
.l. None ofthe definitions аьоче is соfгесt

4. Duгing flight, facttlrs tlrat influence the cleation оf lift at the airfoil pro:file аrе:

l. Difference оf а! tеmреfаturе
р

9
ао

2. Diffеrепсе оf air рrеssш,е
3, DiflЪrепсе of air velocities
4. DiffereTrce оf profile slrapes

5, Choose апу airplane you ý/ant in tlre university lTапgаг and fi]l in the tab]e below.

1. Ап angle between airfoil chord arrd hогizоп line in direction to the flow
2. 4|r angte between airl'oil choTd апd hоrizоп liле opposite to the flow diTection

рЕЗ. Ал апglе between airfoil chold and its uppeT surface line
4. Ап angle betwee! aeTodynamic Готсе чесtоr аlrd airfbil сhогd

Аiгсrаft nanre
L]pper length ofthe

wing рtоfilе
Lor.ver lengtlr of the

wine рrоfilе
Angle оГ atlack ofthe

wing
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Aircraft principles of flight

aiГfoi]s have Ьееп tested in rvind tr"rnnels and in асtцаl л;gы. but noTne;i.Ji;;;;;;;u,ioibut ,utirti",every flight requifemeпt, Tlre weight. speed, and purposJ ofeaclr airplalre dictate the shape oГits airlbil, Itwas leamed тпапу yeals ago tha1 the most eflicient аiтгоi] {ьr producing the glealeýt ]ift was one that had аconcave, or "scooped оut" lоч,еr suтface. Later it was also lеаrпеd that'as а Л-хеС aesign, this type оГа;*оilsacrificed too muclr speed ll,hile producing ]ift апd. thеrеfоrе, was not sцitable fоr high-Speed flight. It iSinteresting to note. hоwеvеЦ tlrat tkotrgh Ъdчапсеt] progrcss in engineering, tocJav's high,speed jets canagain take advaлtage оf the сопсаче airfoil's higlr 1й йаrасtеrisтiСs. Lead*ing.ag" rКiЙ.l flaps aldtraillng etlge (Fowler) flaps, when extended &оп the basic r,ving structrre, literally change thе aidbil shapeinto thе classic concave folrn, йеrеЬу gепегаtiпg rTuch gTeatei lift duгiпg ,to'' tiigbt 
"БпШriопu.on the оthег hand, ап airfoil that is pelfectly strэamlined and offers litt]e r.vind Tesistance sonretimes

i:::::"l*:::,yl*n i]Гtiпg power to take 1hе aiTplane offthe ground. Тhus, mоdеm aitplanes 
'rave 

air-

l

lj,:1::]1Р:Чl|о9о t!аt,аiггеr1", 
",};1JiЖ:lfi::,ТЪ,*r, clraracteristics. Many thousands о1.

Ibils which strike а meditrm between extremes in design, tt. ,h;р;;йi;;;;;;;;#пееds оГthе

',----- alrplane lЬr ц hich it is designetl. Figtrre 17 shoв s

@
/-:\
1_5 l

Fig, l7. Tlpcs оl'аiгfоils

some of tbe morе сошlпоп airfoil sections. The first
(1) airfoit profile was опе of tlre earlier profiles. if
\ve соmраrе it }Tith the later аirfоil (З) we сап see
that lаtег опе has mоге tlliсkлеss at lhc lor.r ет sLtr-
fate, two subsonic airfoils (5) and (2) have greater
iift 

_than 
supersolric airioils (4) and (6). SupJrsonic

ailtbils generall1, hаче а thin section foшed оf either
angled planes or opposerl arcs (called .'dоuЬlе rvedse
aifoi]s" and 'Ъiсопчех airfoils'' respectively). wib
veTy shаrр leading and trailing edges. The sharp eclg-eS preYent tlre formaiiorr of а detached bow slrock iп frБпt оf ihe air{o-il as it mouis й""gь ,;li i;,i,shape is in c0nhast to subsonic airfoils, which often have rounded leadirrg ed_ees to reduce flow sepafati.nover а wide range оf angle оl attack. А rouncled eclge r.vould beha,re as i blbt Ь.ау i" ,-р"rr"пiс flightand thus would forrn а bow shock, which greatly й"."ur"о wave drа_ц. The airfoiis' thicйess. саmЬеrand angle of attack аrе varied to achieve а design that r.vill cause а slight deviation in tlre direction of tlresurrоuлdiпg aitflow. Ноw-ечец since а rоuпd leacling edge clecreases

ап airfoil's susceptibility to florv sераrаtiол, а slrarp leading edge rm-
plies that 1hе airl'oii i,vill Ье mоrе sensitive to сhацеs in aigle оГаЬ
tack. Tlrerelbre. to iпсrеаsе li11 at lower speeds, aiictall thai еmрiоу
s,,personic airibils also use high-lift devices suclr as leading edge ancl
trailing edge flaps.

supeTsonic florv belraves very clifferently frоm subsonic flow. Flч-
idsTeact to ditIerences in pressure; pressure clranges are hоw а fluid is
"told" to respond to its envi,omnent. Тlrеrеfоrе. since sound is in fact
zцr bfilritesinral pressure diffeTence propagating йrough а fluid, the
speed оf sоuпd iп that fluid can Ье consideted the fasiest speed that
"information" can tиvel in the flоц,. Tlris сliffеrспсе roost obviou.lv
mmilbsts ilsе]Гiп the case оГа {1uid striking an object, In liont of that
object, the fluicl builds up а Stagnation prbrrur"-o, impact With rhe
objeot brings the moving fluid to rest. In Лuid tTavelliф at subsonicspееd.thisprеSstrеdistrrrbancесanpIopagаtеupstrеam.chаngingnffi
the flow pattenr alread ofthe object and giiing the brpTession thal the proaching the sочпd Ьдrriег
fluid "kлоu,s" the object is there and is avoiciirrg it. Ноrчечец in а supersonio flow. the pressure clisturbancecannot propagate upstream, Tlrus. wlren the fluid finally does strike the object, it ь br."Jio change itsproperties - temperanrre. density,, рrеssurе. and Mach пumЬеr - ir, * e*tr"*"iy ,.r"'""' *U ,.Ё"?ыrilirshion called а slrock wave. The рrеsепсе ofshock waves (fig. 28), along with Й. 

"o,rrp."r.ibiliry "tI""uoГhigh-velociý ffuids, is thе central difference Ьеtw""л .uрЙопi" und sibsonic u",оJli.,u*й рrоы"-r.
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Aircraft principles of flight

PracticaI and IаЬоrаtоrу actility

1. In а рiсturе below, а dif,ferent ýpes огаirгоi1 shapes аlе presented. write down, what airfoil is
related to subsonic оr supersonic shape.

ё _/--*------.--- + _

2. А shockwave арреаrs whеп airplane cioses to thе:

1. TTansonic speed

(,

2. Subsonic speed

3. Suреrsопiс speed

4. Hypersonic speed

3. lVlrat dictates the airfoil ýре апd shape?

1. Airylanc рurроsе 2. Airylane slreed
2

U

З. Аirрlапе rуре 4, Designer concept
5, \ltлg material 6. АjrрIапе rveight
7. Abilities of production 8. Wind tenrperafures

4. Сhооsе any airplane уоц want in the univeTsity hangaT апd determine its аirfоil profrle type, Fill
in tlre table.

AircTa{l паmе Aircralt mass Aircraf| speed Airlbil tvpe

5, Calculate thе ctoss - Section аrеа of tlre chosen airfoil рrоfilе. Fоr this take the data f1.om tire pre-
vious clrapter раrt. апd geometrically divitle the airfoit profile Ьу more simplest pats.
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Helicopters

9.1 Types of }reiicopteгs
А helicopter iS а type of Totoгcratt in which lift and thrust аrе supplied Ьу one or mоrе engine clriven

rоtоrs, In confast with fixed-rving аirсгаГt, th:is allor,vs фе helicopteT to take оГГ alrd land verlically, to
lrоvец and to fly fonvards, backu,ards, and laterally. Тhеsе attributes allorv lrelicopters to Ье used in соп-
gested or isolaled aTeas where fixed-wing аirсrаl1 wotLld rrot Ье able to take ofl] оr land. Тhе oapability
to efficientl1, hover for extended periods of time allows а helicopter to accomplish tasks that fixed-wing
aircTaft and othet forms of verlical takeo{i and landing аirсrа|t саплоt perform, Atable 7 shows dlftъrепt
helicopters Ьу tlreir classification,

ТаЫе 7. Heli lassifi

А single rоtоr helicopter is the most соmmоп helicopter lt has опе rotor main rotor and one tail гоtоr
to compensate tl]e gугоsсорiс effect, which wil1 Ье discussed later in next chapter.

coaxial rotors аrе а раir ofhelicopter rotors mountetl one above the othel on сопсепtriс shafts, with
the same axis of rotation, but that tum in opposite directions (сопtга-rоtаtiоп). This солfigurаtiоп is а
feahrre оfhеliсорtегs produced Ьу the Russian Kamov lrelicopter design Ьurеаu.

Tandem rotor helicopters have two 1arge lrot,izontal rotor assemblies mounted опе in front ofthe other.
cunently this configuration is n-rainly used Гоr large cargo lrelicopters. Advantages огthе tatrdem-rotor
Systen,} ате а lаrgеr center-of-gravity rапgе and good longitrrdinal stabiliý. Disadvaлtages o1'the tatrdem-
Iotor systeln are а соmрIех lratrstrrission, arrd the need Гоr trvo 1atge rotors.

А tiltrotor is ап aircraft rvhich uses а pair оr more of poweTed rotors mounted on rotating shafts оr
nacelles at the end оfа fixed wing fоr lift and pTopr.rlsion, and combrnes thе vertical liflt capability сlГа
helicopter with the speed and range оf а conventional fixed-wing aircraft. Fоr vetical flight. the rotors
are angled so the plarre ofrotation is horizontal, lifting the way а hеliсорtеr rotor does.

As the aircraft gains Speed, the rоtогs аrе progressively tilted fоrwаr<i, u.ith the plane оf rotation
eventually lrecoming veftical. Iп this mode the wing provides the lif}. and the rоtоr provides thrust as а
ргорсlIсr

Intermeshing rоtоrs on а helicopler аrе а set огtwо IоtоIs turning iп opposite directions. lvith each то-
tоI mast mounled orr tlre helicopter rvitlr а slight angle to the оlhеI, in а tt,ansversely symmetrical mаппеr,
so that the b]ades intemesh rvitlrorrt colliding. The arratrgenrent allorvs the helicopter to Iimrctiorr without
the need for а tail fotol ThiS configuration is sometimes refered to as а synchropter,

_ 1-1е с catlon,
Rotor configuration Scheme Engirre type Рuгроsе Size

Single_rotor Light PiSton-etr_
gined

Aerial рhоtоgIз-
рhу

Ligtrtweight

coaxial rotor Light turt itre
Motiorr рiсfurе
рhоtоgrарhу

Mediurn

тапdеm rоtоr Twin Engine seaTclr and rеsсuе Large

Tiltrзtor Tmnsport

Intemleshing rоtоr Military
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Тhеmе 9. Helicopters

Practical and laboratory activity

1 . Check the types оГ lrelicopters 1hat does not exist.

I. Single rоtог 2. Variable rotor

:?

!-r

3. Fixed Totor 4. Tandem rotoT
5, Coaxial rоtоr 6. Rotorless
7. Tiltrotclr 8. IntenTeshing totor

2, Why is it So impoilant for single - rоtоr lrelicopter to hаче tai1 тоtоr also?

1. То compensate the filel сопsшпрtiоп

уaа(,

2. То рrочidе tЦе ability to fly forq.ards and backwards
3. То provide the helicopter with glToscopic efTect
4. То compensate the gyroscopic efIect

3. А pair of а hеliсорtег Totors mounted опе above the other оп concentric shafts. r.vitlr tlre same axis
ог rotation are called:

1. Single 2. Tilt
3, Stacked 4. Тапdеш

\_)

5, Coaxia] 6. Fixed
7, interrneshing 8. Double

4. In а university hапgаr desctibe ail the lrelicopter types existing there. Fil] in the table below.

IIelicopter паmе Size Епgiпэ type Rotor configuration
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. Helicoptel design алd."*i::_о,.1:.i'.,ЁЩlН:;Т,Ъ:ilТ,i *- аiФlапе (fig. zя;. Hericopt"l
il";;;:gl жт:,,Y:::::.::::i:ч,h!;;;;;; ;; ;;;;.. 1he helicopte1 а stabilizJ ьаr is usedJt dampens con*ol inpits to make smооthе'.hБ,,;;"";'J;:;.:fi:"Xh:fiжYL::tj,XT*
moving сопlrоl iпршts into the sрiплiпg rоtоr sy ste'ml Съ*rirg serves 1br the aerodynamic coverins 

'hг
the engine, Mast oonnects thе transmiss-ion to 

'Ь" 
,oio, ,у"rЙ. Transmission which takes роwеr frori theепgiпе drives both rotor svstelns, Engine provides р..'i'. 

'"'rrr- 
.*, ,r.йr. Ъ".ý'п"ii.""оr.. о"rr*r,utilizetl custom-built engines or rotaty_ engines desi'gnett for аirрlапеs, Ьr' й"r. -.'r"'rЫl.eptaced ЬуШОrе Powet{ul aLrtomobile еПgiПеs and raJiar .ogioJu. ib" ,ingle, most-lirrriting factor of helicopter de_relopmellt tJuring rhe fiгst hаiiогrhе 20th сепtuiч ;;.;;,;:-ff]:;';'i::1|:*"'j.:]:,i:lý

was not аЬ]е to oi...o*" tt 
" "ngine's 

weight in ve,.'ica] Яir'.| 
U*O'n ОГроwеr produced Ьу ап engine

Taj] Rоtоr Drile Shafl

Ёп8iпе mоuпt

Lnлdnlg SkIds

Syrrc}ronized elovalot

Fig. 29. Helicopter partý.

This was оvеrсоп]е in еаrlу successfirl lrelicopters Ьу ustng 1lie smallest engines available. when thecompact, flаt engine wаs developed. tЬе helicoireг iлЁ,*,i Ъ""а а Iighter-r.l eight poшeФIJnl easilyadapted to small helicopters, ЫtЬtlughrааiаi;й;; ;;;;;d to Ье used fоr larger heiicopters. 'IцrЬiпеcnglnes revolutionizetl the ar iаtiОл iпtiusггу. ."i ,fu ,"rБ"ri''rfr engine finaily gcr]e hеliсорtегs an enginewiй а large antount of роwеr 1а 1 
lo1 

"ЪigИ' р"""Ыiь" tLrTboshaft епgiпе il.as ableio Ье scaied to
*:Jl'J;-'#::nTter 

being designea, ."Бiiш'J.7ib"'igm",t оrь"u";р;;, ;;;j;"".i ро.'"."а ьу
Thr,- body оf rhеЪеliсорtеr, like alr аiгрlапе's is caiied also а fuselage. То allow access to tl-}e cabinand cockpit the cabin dоогs are,use.!. S,kid; se*" а; ; й,iig.u, thut u*uully have no wlreels or brakes.Engine mount - а flexible rvay to attaci1 the engirre to tb" iurЪйg*. Tu;tboorn, ubo кйr., iJun.."*p.rr_nage" is the tai] ОГthе heliconter orr which syi"trron;rea 

"Йаtоr.sits an<l helps stabilize the hеiiсорlеrin tlight, Tai] rоrоr of thе heii'coptel provicles anti-torqu. und l,r-Л;gЬ, trim Гоr the helicopler 'l'ail lotordri,e slraft provides poweT to tlre tail rotor frorn thе ;;;;;"r. То tansfer poweT чр the vetical fiп tothe 90 degree gearbox tlre 45 deg,ee gearbox is useo. verticai п; йj*h";;i"й llj'o'.,]j,,o* ,r"r_,stabilization. Tai1 skid protects tЙ" tuiiЬоо- rrЫЙ;;.""'
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1. What рrойdеs 1ift for helicopters?

1. Rotary wings 2, Wi;rgs
3. Tail rоtоr 4, Engine

U

5, Linear wings 6. Transmission
7, Swashplate 8. Stabiiizer Ьаr

2. What is the соmmоп landing gear type for liфtweight helicopter?

1. Pontgon landing gear

g
о

(-)

2. Lапdiлg skids
3. StardqTd landing gеаr

4. Crawlel landing geм

3. Tail rotor main purpose is to рrойdе:

1. Fliфt direction 2. Flight speed
3. Неliсорtеr take-off 4. Fliфt altifude

9
оо

5. ManoeuvTing 6. Stability
7. Additional lift 8. Hovoгing

4, choose апу helicopter уоu want in thе rmiversiý hangar апd calculate the liпеат velocity ofheli-
copter main Iоtот rotating with 600RPM. Fоr this first mеаsше thе length of опе rotor wing, thеп calcu-
late the speed Ьу formula: 2тRл, where:

R - rotot wing length (m) =
n - revolutions рет second :

Rotor wing lineaT velocity is equal to:

.
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Helicopters

Flight of а helicopter is gочеrпеd Ьу the pitch оr anglc of its rоtоr blades (fig, З0) as tlrey srveep
through the air. Fоr climbing and descending, the pitch огаll the blades is changed at thb same time and
in tlre same degree. То Climb, lhе angle or pitcli of tlre blades is increased. То descend, the pitch 01'the

9.3 lleiicopter principle of flight

b]ades is decreased (3). Because all blades are
acting simultaneouslv, оr collectivelц this is
known as collective pitch. }'or forrvard. baok-
ward and sidervays fli_qht an additional change
of pitch is provided. Ву tlris means the pitch
of each blade incTeases at the same selectecl
point in its circular pathway. This is the су-
clic pitch. Tilting the spinning гоtоr will cause
I]ight in the direction оГ the til1. With these
t\\ о controls iл nrind Iet us make ал irnaginary
:{'light. With the engine rчаппеd чр arrd the ro-
tor blades whirling abtrve us in flat pitclr (1),
that is, with no angle or bite in tlre ait ч.е аrе
ready to start. Ц/е iлсrеаsе tlre collective pitch
(2). The гоtоr blades bite irrto the ail., each to
tlre same degree. and lijt the helicoptel. чеfi!
cally (fig. З 1 а), Now we decide to fly Гопчаrс1 Fig. З0. Hclicopter ýlyaýhplatc

nose. Natulally 1hе helicoptet traveis Ibnvard. Norv rve decide to stop and hover motionless so rve put the

t f

;-1--"}*iý

t
*

Fig. J l. Hclicoplerflight Ьсhоriоur

(fig. 31 Ь). we still hаvе collcctive pitclr to hotd us iп thе аir and we acljust the cyclic pitch so that as
еасh blade paSSeS оvеr 1he tail оГthе helicoFe1 it has mоrе bite оп the аir than rvhen lit passes over the

cyclic pitch in neulral, the tоtоr blades nory lrave the same pitch
throughout their cycle. and the collective pitch holds thе helicop-
ter suspended in space withorrt moving й any direction. In short,
it is the c),clic and coilective pitch which gives the hеliсорtег its
unique ability to fly forr.lard, backwaгds, sitieways, rise and cle-
scend vertically and hover motionless in the air , making it one of
the most versatile vehicles known Ьу man,

Tlre tail rotor is Vеry important. Ifyou sрiп а гоtоr using ал еп-
giпе, the Iotol will rotate, but the епgiпе and lire lieiicopter wi1l try
to rоtаtе in the opposite direotion (fig. 3], с), This is called tоrquе
reaction. The tail rotor is usеd like а small pTopeller to pull agailrst
torque reaction and hold the helicopter straight (fig. 3l d). Ву ар-
plybg mоrе or less pitclr (angle) to the tail rоtоr Ыаdеs it catr Ье
used to make the hеliсорtеr trrrn left or right. Ьесоmiпg а ru<ldеr.
The tai1 lotor is connected to the main Iotor tlx.ough а gеаrЬох.
When using thе tail гоtоr trying to compensate the torque. the Iе-
sult is an excess ог force in tlre direction Гоr which the tail rоtоr
is meant to compcllsate, which will tend to make the hеliсорtег
dri11 sideways, Pl'lots tend to compensate Ьу applying а little cyclic
pitclt, but designers also heJp tlre situation Ьу setting uр the contTol
rigging to compenSate. Tlre resr"rl1 iS tbat many helr'copteгS tend 1о
lean to one side in the hover and often touch down consistentlv оп
опе ц,lreel flrst. оп tlre other hand ifyou obsen,e а hочегiпg Йеli-
copter lread-orr you rvill often note that the rotoI is sliфtlу tilted.
Ali tlris is а nranifestation of the drift рhепоmепоп. Тhе engine
simply dгiче the lotors and did not assist directly with 1-orrvаlti
flight (like they ý,ould."vith а plane). Тhеrе is а very sma]l amount

ofthfust that comes fTom engine exhaust, but it is so small that it does not effect l]ight реrfоrmапсе.
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2. I-Iеliсорtег flies fonvard because:

1. Collective pitch is adjusted Ьу lesser angle rчhеп rotor blade passes оr,ег the tail

9

(-)

2. Collective pitch is adiusted Ьу grеаtеr angle whеп rotol blade passes ovel the tai]

3. Cyclic Tlitch is adiusted Ьу lеssеr angle when rotor Ыаdе passes over the tail

4. Cyclic pitch is adjusted Ьу greater angle rчhел rotor Ыаdе passes очеr the tail

3. What does st,aslrplate do?

l. Col1ective pitch is adjusted Ьу lesser angle ъ.hеп rоtоr blade passes очеr the tail

!
2. Colleclive pitch is adjuýted Ьу greater angle wlren rotoT blade passes очеr lhe tai]

3. Суr;iiб pilgh is adiusted Ьу lesser angle when rоtог blade passes over the tail

4. Сyg|iб pilgh is adjusted Ьу яrеаtеr angle whеп rotor Ыаdе passes очеr thе tail

4. \\Ъаt helicopter pafi is used to compensate tl]e toтque reaction?

| - Main rotirr

2. Tail rotor
З. Stabilizer Ьаrs

о4. Engine

Helicopters

Practical and laboratory activity

1. Flight of the helicopter is gочеrпеd Ьу:

t . Velocity of its rоtот Ыаdеs 2. Lengtlr ofthe rоtоr blades

3. Thickness оГthе Totor blades 4. Engine

с
\J

5. Angle of its rotor blades 6. I,IydTaulic systelTr

7. Blade рrоfilе slrape 8, Quantiý ofblades
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Practical and laboratory activity

1. What ате the five hмardous attitudes?

l, Anti-auЙoriф 2. Resignation
3. Stupidity 4. I n,,,LrinerabiJity

о
(-)

5. Impulsiviý 6. Rage
7. Courage 8. Масhо

l. Stqrts before take-off and d9еsд9!дюg;шЦ]g$91|hе fiпаl landirrg is mаdе sаГеlу

а
Ф

а
(.)

2. Starts after take-off апd does not stop until after tirc finai landing i; -"d" ,"f"tyЗ. Starts before take-off and stops until the final tanding i. *uф.uf"ly
4. Stops Ьеfоrе take_offand does not start unti1 after the fiпЫ tЙаЙýЪБЙ. ББý

2. Decision - making is the process that:

З. What асrопуm was developed to assist the pilot in the decision making pTocess?

1. DEсRYPT 2. DECLASSIFY
з. DECIDE 4. DEcoR

lс
LJ

5. DEсADE б. DECODE
7. DEсREASE 8, DEDIсдTE

4. Decode the асrопуm that was developed to assist the pilot in decision making process.

з Notion
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Practical апd laboratory actiйty

1. What teohnioian hаiпiпg program was implemented?

1. MRM 2. CRB
3. HRM 4. CRS

U
5. cSM 6, CRM
7. cMR 8. cSR

2. How does the technician training progTam decode?

3. сап Ье defined as:

1 . Management system which makes орtimum use of al1 available Tesouтces - equip-
mепt, pTocedures and peoplo to promote safety and епhапсе the eficiency of
operations

о
0)F

(-)

2. Management system fol whiсh is not necessary optimum чsе of all ачаilаЬ'lе
resoutces - equipйent, ptocedures and people to promote safety and епhапсе t}re

еffiсiепсч of operations

3. Малаgеmепt system which makes optimum uýe of ali available resouTces - equip-
ment, proceduTes and people but does not promote sаfеý and enlranco the еffiсiоп-
су of opeTations

Management system which does not make орfimum use of а11 available resources,
equipment, procedures and people to promote safeý and епhапсе the efficiency of
operations

4-
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l0.3 Маiпtепrпсе: tech nicians
Over tbe years, cotrsiderable pTogress lrave Ьееп made to Сrеw Resoulce Manirgement (CRfuI). Опе of

the reasons is that егrоrs made Ьу pilots аrе highlY visible and have imnrediate .bn."qu"rr"", оп safety.
Iп addition, pilots аrе also seen aS the 1ast line оf defence against еmоrs. Fог these rеаЪопs, research on
activities suсh as communication and teamworking skills initially tЪсusеd on pilots. Iп conftast, е11оrs
made Ьу mаiпtепапсе реrsоплеl аrе latent and thus Maintenance ResouTce Management (MRM), the
mailtenance version оfСRМ has received considerably less attention. In t}reir-efforts to enhance sаfеtу,
the aviation industry as а ч,hоlе have recognised that theTe is а need to minimise erors across all t'acets ot]
aviation, Весашsе огthis, the trend norvadavs is to mоче firrthеr iп their approaclr to reduce еrоrs. Thus
humап factor progfammes have expanded to include peopie iп all Гасеts of aviation such as аir trat]Ijc
сопtтоllегs and оf colrrse maintenance personnel.

Maintaining аirсгаfts is а cornplex and demanding encieayouT. lt consist оf пumеlоus interrelated
humап and mасhiпе components. Тhе complexity оf such irrtedace mean that еrгоrs аrе likely to Ье in-
troduced and ways to detect епоrs and deal with tlrem аrе needed. Тhе safety of the ffying public is first
and fоrепrоst dependent on the рюреr functioniлg of tlre aircratt and its components. ln аф^mаiпtепапсе
process. it is the ability ofmaintenance persormel to work togetlrer that detenrrines its suciess. The veTy
паturе of the industry is suclr that engineers and meclianics will often nced to w-ork tоgеthец therefore
comnrunication and team r,vorking skills аге impotant, Although most еЕоl.s in the maintenance envi-
ronment аrе laten1, they cannot Ье ignored as they hаvе tlre potential to сопtriьutе towa.fds fata] conse-
quences in flight. once an aircra{1 leaves the hапgаr, the sound {'пnctioning оfа11 systems on board will
Ье one оГtlrе impoTtant рrесursоl,s to whelher а {light will get frоm опе point to atrother safely. Irrdeed,
rnaintenance pJays such an crucial гole in fliglrt sаtъtу that it is the гesponsibility оithе aircrat't's owneT
оr ореrаt0r to ешurе that they аrе рrореrlу maintained. In united states, studies hаче shown that rnainte-
папсе Гасtотs is а contributing factor in 1896 of а11 accidents. History is abound with notoгious examples
(аЬlе 8) ofhow maintenance еrrоrs contribute to accidents.

Tabl idcnt 1es dueАе 6, Асс1 ехаmр to п]аiпtепапсе
Airline Location Date Cause

Alo]ra Aillines Elighi 2,13 Hawaii 28 April t988 Fuselage tЪilrге in flight causctl Ьу inspectiorr
failure,

United Airlines Flight 232 lowa 19 Juiv t989 Inspection failrire п,hiсh led to цtlсопtrоllеd
engine failurc and loss of flig]rl colltrols.

Continental Express F'liýlt Texas 1l September l99l Scparation of horizontal Stalrilizel ]\,{aintc_
папсс рсгsошlеl did пот Tcplacc ьсrс\\ \ оп it,

Northrvcst Airlincs Tokyo 01 Маrсh 1994 Engino.separation causcd Ьу incorrrpletc as-

R,'hat is соmmоп is all t]rese cases is thе theTe is ап urgent neeti lоr changes in aspects of the organisa-
tiоп relating to human реrfоrmапсе. Increasing diligence in maintenance will рrоЙаЫу have ргечепtеd
tlrese accidents, ln addition MRM ll,ill help airlines avoitl significant financial btrr<lens imposed Ьу loss
оl iives. flight delays, cancellations, tr.uT backs an<l diversions. MRM was developed {iоm CRM аftеr
tlre fuselage ofAlolra Aiгlines Fligl-rt 24З was ripped оff in llight апd had to arrrek ап еmеrgепсу landing.
Investigations led to attention being tumed to maintenance elтors aS а potential cause ol.accidents. MRM
and rnaintenance huпап Гасlогs training аrе thus developed. MRM does notjust Stop at the operatronal
level; 1he mechanics and engineers. lt is 1Ьr stalr at all Ievels оГ ati organisation. Essentially, iI orientates
the entire otganisation towalds а safe ar-ld еrrоr fl,ee petformance, lt creates awaTeness аьоut wtat hшrrап
factor elements аrе and hоrл, tlrey affect perfotmance. Тhе overall objective is to integrate шаiпtепапсе
technical skills, interpersonal skills and hшrrап fасtог krrorvledge in а way that inoreasis commr_mication
effectiveness and епlапсе sаtЪý. Since MRM has got its foots in CRM, thеу slrare сошmоп goals such
as: improve commtrnication skills. епd authoritative attitudes iп supetvisoly staff, implove team i.vorking
skills, in,prove assefiiveness апrопg mechatrics. рrочidе реорlе with lrшпап t'actors knowledge, In addi-
tiол, MRM also helps mапаgеrs understand lrow thеir decisions affect wотkеrs' belraviours.

бз



Practical and lаЬоrаtоry асtiйф

1. what maintenance traiпing рrоgтаm was implemented?

1. CRM 2. MRc
3. RMM 4. MCR

U

5. MRM 6. MRR
7. RMR 8. CMR

2. How does the mаiпtепапсе ffaining рrоgrаm decodes?

З. What {imctions does реrlоrm?
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10.4 Аir tгаffiс control
Air Traltc control is divided iпtо trvo main фреs of opeTation: visl,tal conffo1 operations clone at aero-

dromes Ьу tower controllers (fig. ]2), and instrumental operations done Ьу гаdаr and o"earric control]ers.
Instrumental operations are not necessariiy based оп оr пъаr aerodTomes ie.g. all таdаr contro] очеr New
Zea]and is саrгiеd оut Гrоm а siлglе location).

Tolver controls the landing, take-off antl funlvay ор-
erations of аirсrаft, ensuring tlre separation оf aircraft Ь
the аеrоdюmе. Most activity in the tower is done visu-
ally, Radar сопtrоls aircTaft in the air Tlrus. radar vectors
arriving аirсrаft to tlre vicinity оf airpolts before lranding
it to To}ver. They also take сhаrgе ofaircraft frоm Towei
right atter take off. In oceanic operations, traffic control
is саrriеd оut through satel]ites (GPS, or Globally Ро-
sitioning syslems). Air rrагfiс ореrаtiопs аrе rimilаг 1о
rаdаr control except that oceatric control vectors аirсrаft
between intemational aiTspaces. Oceanic lrancls contTol
очеr atrd takes control оvеI national Radar ctlntr.ollers.

The humапs й the Атс system аrе а mаttеr ot сопсеrп
partictrlaTly in the case of meeting tlre clesired еltсiепсч
level>, The desiгecl eltrciency calmot Ье achieret_l iгrhеrc
is poor coordination of hurnans and the autotTation алd
пеw technolog1,. In tЫs case, the sturly оfhumап factors
is crucial becaitse it helps in the егtъсtiче and elficienl in-
tegralion of humап а:rd automated technolo_gies to bring
them into а .lvorkab]e so]ulion. Iп otlreT lvords, 1he study
оf humап Гасtоrs in air trafic conffol makes it easv for
tlre humапs to coordinate witlr the various new technolo-
_siеs, decision support tools and other new fotms of autonratecl tесlшоlоgу used in the diffeгent areas ofАir Тrаffiс Сопtrоl in order to aclrieve а desiretl реrfоrmапсе оutсоmе. Maintainin*q sагеф iп aviation is
а rпаjоr issue in human flactors. Тhе flow оf iniornratiorr is а сгitiсаl aspect and musЙе сtеаr апсl ambigu-
orrs, Enausting power and responsibiliý to а person in the vital аrеа o}flight opclations suclr as дir Trat-
fic Control ч,hете there ате pivotal decisions regardirrg the flight to Ье maie needs а seгious thought, The
main goal ol 1he Air Тrаffiс conlfol syslem is to сапy оut the sаге and eгficient flow оf'trаffiс Гтопl atl
origin to а destination point . 11iS lhе main task оГаir tiаГ{iс contro]lers to rеасh these goa]s оГsаГеtу anilefficiency whiclr is not easy. It involves tlrem to go 1hror.rgh а complicaled series оliрrосеdurеs, jr,rdge-
n:ents, platrs, decisiclns. commurrications and coordinated activities. Besides the olrvious commtrntcation
and coordinaticln between air traffic cclntrollers and pilots, thе communication and cooldination between
and witlrin the air traffic controi is also very impoltant in terms of iшргочiпg safety ап<l eticiency. For.example- when a:r aircraft leaves front ап атеа to another there is а ,bift ог rJrponriъility 

';m 

one con-rrоllег whеrе the рlапе IеR то the оlItег опе wltere the рlапе is.
Аir travel lras incleased dramatically since the u.b. federal gочеmп]епt deregulatecl the аirliпе in-

dustry in the 19705. [Ioweve1 tlre construction of ner.v аirроrts incl л-,пwауs has Йt kcpt расе witlr the
l'ncrease ilr.air tTaftic. This has put excessive pressure оп &е air trаtýс control Svsten] to hanrlle the пеагlу
50,000 flights реr day, а пumЬеr plojected to increase in the near Гufurе, То harri]e these flights and avoiddelays and collisiclns, the FАА and NASA have developed modetT so{1ware, upgracled existing host
computefs and voice comnunications systems a.nd instituted fцll-sсаiе CPS (globaipositioning system)capabilities to help air traffic controllers track шrd соmmuпiсаtе lчith aircraft. ilre FЪЪ is cr-mently Tede-
signing U,S, airspace to nrake mоте rоопl fоr incTeased traffic. Fоr ехаmрlе. tlre U.S. military has freecl
pTeviously restricted аirsрасе offtlre coast of North carolina fоr use Ьу сопrmеrсiа[ аirстаft. These еffогts
should help ease tralic and minimize delays irl tlre short ternr; however, increasing airport capacity Ьу
building nrэ*,rTnways апd аiгроlts is uitimately the way to lrandle thе рrоЬlеm.

F'ig. З2. Aif tr&lfic control totver
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Practical and lаЬоrаtоry activitv

1. Ait Traffic Controt is divided into two main ýpes of ореrаfiоп:

2. Torver controls:

3. WЪаt did FАА and NASA dечеlор to handle а huge amount offlights per day?

1. Landing, Иke-off and rчпwау opemfions of aiTcraft

3, оп]ч take-off

1. Modem sоftwаге, upgraded existing hort 
"о*рrrЪrrББ.i"" "о***ЙББsystems апd institirted frrll-scale GPS

and voice communications

4. Modem АIС tоwеrs with nerv

1. Radio 2, Sensual
3. Acoustic 4. Magnetic

Ф

оо

5. Visuai б. Electric
7. Locator 8. Instrumental



т,,ill":r_|зl " 
c::tral rob ," *-.о oo,1,1,iiТiJilН'i;e variety огjоьs necessary for safe andеГfiсiепt rаmр operations. Occasionally, hоwечец а wotker does not oii, ,rо' аые to ао'ьЪ оr hеrjоЬcorTectly оr in tlre required tinre. Tlrese htlman реriоrmапсе failures can rеsult iп а пuпrьеr of unrvantedconseqrrences, such as personal injury., aircratt damage, equipment danrage. or flight tJelays. Two majorcategories of httrnan performance lailures associateci witlr rаmр ореrаtiопs ate е1.1оrs and violations оfсоmрапу poiicieS, processes, or procedures. We оltеп rеtЪr to these violations о, р.".Jйl noncompli-ance, AltlTough епоrS аrе unintentional deviations f1,otrr the expected action оr Ъеhачiоut, the rvorker

t,vho violates policies, plocesses, оr procedutes, does so irrtentionally. wellinleniioned ind;viciuals ofterrcommit violations trying to {inish а job, and поt simply lоr соmtЬrt or to rеriuсе workload. DrTlng rаmрoPemtions, there is an assumption that workers wiit ibllo* thе poiicies, р.о""rr"., oJpio"".]u.", u,wTitten, When tЫs assumption is bloken. it places thе rvhole basis of the safety ryri.ro uiяrt. tn.o*"
cases, workers шау conrmit violations because olfactors dictated Ьу his оr her irпйеdiаtе situation, sшсh
as lime ргеssurеs. insufricient staff, оr unavailabiliф oftools or equipnrent. ln othei. 0aSes, violations lravebeconte соmmол рrасtiсе апсl hаче Ьесоmе almost automatic il.r" ,;";rй"i"Ji'o]biution, ипч.Ьесоmе the work group's потmаl practice, оr поппS - ..everybody 

does it.'' МuпЪg.*.пt bows aboutalrd lrnolliciallY condones l'outinc violations, rTaking these violations more оfа mапаgеmепt issue tlranаП individual lvorker issue. In rаrе cases, а w,оrkет wi]l Ьrеаk rulеs lvllile jъr;;;;;fiJ;;;sеquепсеs,
Event inyestigatiotr data sllorv that violations аrе ofterr contгibuting I'асtоrs to irrоrs,"ьut that sometimesеrтоrs and violafions wогk together to cause ап event. Fоr example, а wогkеr makes an ешоr antl thепvioiales а ргосеdurе Ьу not conducting а final check c]esigled to {ind the еfrоr. lve must eliminate viola-tions in оrdеr to errsure sаfе antl elicient ramp opelations - Iegarclless of thе type ofviolatiorr.

Injury prevention
Injury prevention is а critically imрогlапt раrt оfап аirроfi operations human factors progranr. Many оГthe causal factors fоr employee injuries ai,e similar tO th'ose contributing to аirсrаft clamage. Gепеrа111,,preventing one also r,vill prevent the other ETgonomics is the паmе for the component оf irurnan factorsrelated to the phy,sical lЭос11, and associated task and equipment design. Sprains and strains rnake up themajol'itY of injury ýpes tbT baggago and freight handleis. EstablislriTig ur;1g"rо;;-;Баm as palt of
уоur hunran fbctors progi аm rvill significantly reduce thе irumber оrЙluriеsl

Нumап fасtоr training
Researcli and ехреriепсе hаче sholvn that humап 1hctors tTaining сап address nranv oI'the issLtes thatcontribute to events. Training provities the krrou4edge to шrd".rtЙ;*ропurriрrirфr* Й p.ocedures
and to inte€x,ate them into thе woTk environnterrt. Tiaining can promote awaleness and alIect attitude. ltreduces costs associated witlr lruman реrfоmlапсе issues.

Fatigue/AlertneSS mапаgепlепt
Рtореr rest contributes to your lrealth апd enrotiotral r,vell-being. Рrореr rest is а cnTical prelэquisite tosafe апd efficient реrfоптапсе in а aspects ofailport operations. Whethcr you аrе lifting bags. operatingramp 

_equipment, 
or interacting with customers, рrореr iest is iшроrtапt. Х,Йпу f*t;r;;;; c.u.rse tutigue.including physical and шепtаi exeltioli, and ]aci oiprop.. sleep. WЪ can also cal] fatisue issues .'ale$-

ness" issues, because alertlressinciudes а wide rallgb oi{a.to* or.o"iu,J;;;;;;;"";;ness fbr dLrty,.Aitport operations personnel whо have worked extJnded lrours rеса]l lhat tiey wеrе Гаtiguеd mоге tlran
tlrey_ rеmеmЬег tlre work thеу реrfоrmеd. Tlre entite ц,отkfоrсе is susceptible to erTtlls indJced Ьу fatigue.Event investigation
тhе рurроsе оfап event investigation process is to manage tlre risks frоm ечепts caused Ьу ltuman ас-tiorrs tlrat mау atТect flight sаtъtу, persorral injury, and equilment dаmа_це. Дл еrrоr is а hulnan action thatunintentionallY deviates from the reqr-liгetl, intende<], untl 

"rpe"te.l 
action. д violation is а huпrап actionthat intentionally deviates tiоm con]pany оt regulatory policies от procedures. Event investigations helpОrgаЛizаtiОПs identiф and understand muitipiJ contJbutiлg i"";;;;;;;"; ;;;;ffi;; Examplesinc]ude hard{o-understand procedures, tirтБ pressures, tasi interruptions, poor communication, and аvariety oГadditional workpJace and lifЪ conditions. The identiIication о Г contnibutinfia"'or. proui6., onorganization with а specific Гос].lS 1о plevenl Гuturе еVепtS. O{ien, even1 invesligalion SyStemS ale раrt 01а соmрапу's overall safety n]anagement svstern.
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Practical and laboratory activity

1. Why humап реrlоrmапое failures ocour?

2. What is the purpose оf humап factor training?

l. Тгаiпiпg сап promote awareness and affect attitude

Lо

2. Training can increase level ofknowledge
3. Тгаiлiпg pгovides Гast rеасtiоп
4. Training provides correct task peTformance

3. What are the basic methods ofleducing the оссчrrепсе of unwanted consequences?

1. Injury prevention- 2. Better education

3. Нчmап factor training 4. Fatigue/Al ertness management

(.)

5. Instruments accessibility 6. Frеquепt inspection
7. Event investigation 8. Adherence ofrules
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Information technologies in aviation

11.I Knowledge bases and I)atabases
Computer information апd communication technologies Ьесаmе а necessary aid applied fоr different

pulposes in the area of aerospace systems. Knowledge-based systems Ьесоmе mоrе and mоте рtlрulаr
1br the decision making suppol1 putposes. Tlre most important aspect ofa knowledge base is tlre quality
оf inloTmation it contains. The best krrowledge bases have caTefully цтittеп articles that ale kept up to
date, ап excellent information retrieval system (search engine), and а carefully designed content format
and classifi cation struchrfe-

А knowledge base (abbreviated КВ) is а special kind ofdatabase for knowledge management. provid-
ing the neans 1,оr tlre computeгized collection, organization, and retTieval ofknorvledge. Also а collection
оГ data represetrtirrg related ехреriепсеs, their Tesults ale related to their ргоЬlеms and solutions. Knorvl-
edge based SyStemS are arlificial intelligent tools working in а narTow donrain to ptovide intelligent deci-
sions ъ,ith justification, Knoý.ledge is acquired and represented usiпg valious knorvledge replesentation
tecbiques rules. fTames and scripts. Tlre basic advantages offered Ьу sucir system are documeniation оl
knowledge, intelligent decision sчрроfi, self learning. reasoning and explanation.

А database is ап integrated collection of 1ogically-гelated rесоrds оr files consolidated iпtо а соmmоп
pool that provides data Гоr опе or mоrе multiple uses, Опе way of classiфirrg databases involves the type
of content, for ехаmрlе: bibliographic, fullJext. пштеriс, image. Other classification methods stan frоm
examining database models оr database arclritectm,es. Sofllvare organizes the data in а database accord-
ing to а dalalrase rnodel. А database model оr database schema is the strшcftlre of Гогmаt ofa database, de-
ýcdbed in а Гоппаl language supported Ьу t}re database rrranagement svsten], In othеt u.ords. a "database
пrodel" is the application оГа data model wlren used in conjunction with а database management system.
Databases Гuпсtiоп iп nrany applicatiorrs. spanning virtually the entrre rапgе ofconrputer softrval,e. Data-
bases hаче Ьесоmе thе preferTed nretlrod ofstorage lor 1аrgе multiuser applications, lvhere coordination
between mапу шsеrs is needed. So, having such excellent possibilities, databases can Ье used almost in
all fields of life, scierrce and miiлagement,

Databases and knowledge bases has got mапу applications in aviation sphere. They аrе used for stor_
age of accident statistics, аiтсrаft tepair rесоrds, аiтсrаft and systems condition monitoring. diagrostics
and progrrostics. Faults often exhibit themselves as а deterioration h,end iп the turbomachine реrfоmlапсе
fоr example and eventually lead to the need to реrfоrm expensive repaif and очеrhаul activities. Timely
delection оf incipient faults enables preventive maintenance and has significant econonric importance.
The overalj аrеаs оГ condition monitoring, diapostics, trending, arrd prognostics {Ьr such I'aults а,,е

krror.l,rr in industry as РТМ (Predictive Trend Monitoring). AccuIate iind reliaL}le detectioв and раrаmеt.г
estimatjon of incipient tЪults requires detailed апd thorough цndelstanding and knowledge оf thе equip_
ment. Trend monitoring is defined аý using engine ореrаtiопаl data to fiпс1 symptoms of damage. dete-
rioration, оI excessive wеаr, trепd monitoring has Ьееп around in some Гоrm since the mid_l970s. Nerv
hardlvare technology that сарturеs mоrе engine data points and sophisticated software tlrat fiBds mоrе
subtle trends-ar-rd thus finds potential pToblems sooner-ale making tTend monitoring even mole valuable
now thatr iп decades past, ТIепd monitoring consists of two basic colnponents: engine data usually sup-
plied Ьу 1he OEM's engine сопtrоl unit (ECU), and trепd monitoring sоftwаrе оr service supplied Ьу the
ОЕМ оr а third раrtу. Nearly all tuTbine airTraft engines inc]ude ап electronic ECU that adjusts liLe1 florv
according to а set оГраrаmеtеrs obtained lrоm tепреrаturе and pressltre probes and flow nreters. Many
of,these parameters аге rесоrdеd dming cefiain engine events, sчсh as eпgine startцp and shutdown. The
ECU also records additional pafameters, such as the пшпЬеr оf hоurs tlre engirre has ruп, tlre пuпЬеr
of staft cycles, and any engine faults. Many ECUs allow this data to Ье downloaded into either ОЕМ_
provided software оr to generic spreadsheets for later analysis.

Оп-Ьоаrd diagnostic systems, often called OBD systems, rеГеr to а computer component used to
monitor an engine and engine реrfЬmlапсе in an airpiпre. The system is similar to what's available in
шоdеm automobiles. Ап OBD rесоrds еrrоr codes that а mechanic сап rcad to troubleshoot pToblems.
OBD systems enable modem ailcrall to recorcl пеаrlу everything that happens duгiпg flight. CommeTcial
lrelicopters use similar technology to rnilitary Chinooks that mопitоrs flight tirTe. vibration and engitre
temperature. This takes human еtrот and пumЬеts TotLnding оut оГlhе equalion fbт scheduled parts mаiп-
tenance.



1. what information technoiogies for storing and retrieving data you know?

1. Databases 2. Analyzing bases
З. Storage bases 4. Retrieving bases

F
оU

5. Computational bases б. Knowledge bases
7. Modelling bases 8. Monitoring bases

2. Definition ofthe notion fог storing апd retrieving data is:

3, What is РТМ?

l . Predictive Тесhлiсаl Мопitоriлg

о
L)

2. Proactive Technica[ Мопitоriпg
3. РегГоrmапсе Тесhлiсаl Мопitоriлg
4. Predictive Trend Monitodnp

1 . Ап integrated collection of logically-related records от files consolidated into а
соmmоп роо1 that ргочidеs data fоr опэ or mоrе multiple uses

о

2. Ал integTated collection of iogically-related records or files consolidated into а dif-
ferent pools tfiat ргойdе data fоr опе оr more multiple uses

3. Ап integrated colloction of logically-related recoTds or files consolidated into а
соmmоп роо1 that provides data oniy for опе use

4. А non-integrated collecfion of 1ogically-related recoTds or files that pIovides dat;
fot one оr mqre.multiple uses
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Information technologies in aviation

specific media to implement the leaming process. Tlre tеrm will still most likely Ье 
"tilir.d 

;'r;i;;;;;
out-of-classroom alrd in-classroom educational experiences via teclrnology, even as advances corrtinue in
regard to devices and crrгriculunl. EJeaming is essentially the computer and network*enabled transfer ofskills and knowledge, E-leaming applications and processes include web-based lеаmiпg, conlputer-based
learning. virhtal classroom oppom_rnities and digital collalroTation. content is dеliчеrй via the Intemet,
intranet/exhatret, audio оr video tape, satellite TV, and CD-ROM. ]t can Ье sеlГ-расеd оr insttuctorled
and inclr.rdes media in the Гоrm of text, image, animatiorr, streaming video апd айiо.

Fliфt sirnulation is usеd extensively in the аr,iаtiоЛ indusUy Гоitliе training оГрilоts and orher flight
сrец,iп botlr civil and military aircraft. It is also used for the trairriag of rпаiпtеЙпсЬ engirreers in aircraft
systen]s. and hаs applications in аirсгаft design and development, also in aviation and other reseaTch.

Sеvеrаl ditTerent types ofdevices are utilizecl in modem fligЬt training. These rапgе frоm simple Part-
Task Trainers (PTTs) that cover опе оr mоrе аirсrаft Systems to Full Flight SimulatБrs (FFS) with com-prehensive aerodynamic and systems modelling. This sресtrum encompasSeS а lnrir1e vaгietv offidelity in
both physical cockpit characteristics and qualiý of sоftwаге models, ai l.yell as various implenrentations
оf sensory cues such as sоuлd, motion" and visual systems. lп mапу рrоtёssiопаl ffight schools, initialpчiпs ь conducted partialiy,in the aircraf1, апd partially in relatively low cost trainiig devices suclr asFNPTs and FTDs. As the student becornes Гаmiliаr witli basic аirсгаtt lranclling and ЯIght skilis, more
emplrasis is placed оп instrument flying, cockpit rеSоurсе managemen1 (CRM), a:rd aJvanced aircratl
SyStemS, and the portion olflight training concluctetl in these dечйеs increases significantly. Finally, for
mоrе advanced atrcraft-speciflc training, Fult F'light Simulators (ЁFS) аrе used,"particulЙy as pa,.t оf
conversion to the Commercial Air Transport {САТ) aircraft that tlre pilot will evennrally fly. For mапу
соmmеrсiаl pilots, most aircraгt orientation апtl recurrent training is conclucted iг.nigb tevet FTDs оrFFS, ln соmраrisоп to training in an actual aircraft, simtrlation baied trаiпiпg allorvs ior the training of
manoeu\.гes оr situations tlrat mау Ье imргасtiсаl (оr even dangerous) to реrfоrm in tlre aircraft, while
keeping the pilot and instructor iп а relatively lolr-risk cnvironment оп the grошrd, Fоr example. сlесtгi-

11.2 Compufer tlased training systems
, Соmрutеr based tTaining systems оr eJeaming comprises аllЪrms of electronically supporte<1 1еаm-ing and teaching. Тhе iпfогmаtiоп ancl conrmunicati;n systems. whether netlvolked оr not. seTve as

са1 system Гаilurеs, instrument Гаilurеs, hydraulic system
Гailures, enviTonmental systen Гailr_rres, аrrd even flight
contTol f'ailures can Ье simulated witlrout risk to the pi-
lots or ап aircraft.

А }tull ffiglrt simчlаtоr (FFS) duplicates relevant as-
pects оf the aircraft апd its епчirопшепt, inclucling mо-
tion (Fig. 33), This is ýpically accomplished Ьу placing
а герliоа cockpit atrd visual system оп а motion рlаtfоrm.
А six degree-of-tieedon-r (DOF) motion рlаtfоrm using
six jacks is the mоdеrп standard, and is rеquirеd for the
so-called Level D 1light simulator standaTd оГсiйl avia-
tion reguiatory aцthorities such as FАА in the usA and
EASA in Ечrоре. Since the travel оГtlrе mоtiоп svstem
is limited, а рriпсiрlе callerl .acceleration 

onset cueirrs'
is used. This sinrulates initial accelerations well. ай
then rеtuгпs the motion system to а пеutrаI position at а rate below the pilot's sensory tlueshold iп order
to prevent the motion system lrom rеасhiп*ц its limits оf travel. Flight simulator mоtiоп platforms used to
use lrydraulic jacks but electTic jacks are now being used. Тhе lаtiеr do not need hyrlraulic mоtоr .ооm,
and.otheT complications ofhydraulic systems, a:rd can Ье designed to give loweT latencies (transport de-
lays) compared to hydraulic systemý. Level D flight sinrulators аrе uscd at training centrcs such as tlrose

1lr".Y?:"".*:rл"il,Y*U1*'ЪУ 
lпtеmа,t.iопаl, САЕ, ВоеiлgТrаr.пiпg and FlighiServices (ex-Alteon)

":!:r_:Y?.|?*i.r" сепfrеs,оf the larger airljnes, Ilэ lhe military, поtiол platfl

._=: 11,:,;::ф i:;;;у;;: i i|,,,,й,,!i,i,!-:;;,,Y;#":i:,::,:;"жi::?,,;:ж:y;::::;
::a -1_\ ment to алоthеr training base or to а солlЬаt,zоле-

Fig. 3З. Fчll flight ýimulator
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Practical апd lаЬоrаtоry actiйý

1. What methods аrе used for fraining pilots and оthеt сrеw?

l. Books

9
воо

2. Flight simuiators
3. Computer tests

4. Video 1essons

2. What is E-leaming?

3 , What aid duplicates relevant aspects of the aircraft anf its епчirопmепt?

l. FaSt fliфt Siлulator 2. Fцll fiction sup ercomputer

3. Full flisht supercomputer 4. Fiight fictio, simulator

ао
5. Fictional fliфt simulatoT 6. Fast fictional simulator

7. FчП fiction simulator 8. Full flight simulator
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I1.4 Е-dосurпепts
{: elecTronri, docrmrent rb апу еlесfrош'с medl'a cronrerra (,other thап соfiршfеf plogйnls оr sysfenl

.. illat аге intended to Ье used in eitlrer ап electronic fonn or as ргiпtеd output.
Originally. any соmрutеr data wеrе considered as sometlring interTal - the fina1 data output i.vas alwa.vs

]-_ ]эреr, Holvever, tlre developmeIrt of corlputer networks lras mас]е it so that in most cases it is much
::.,ге cotrvenient to distribute еlесtrопiс docturrents than pгinted ones. And tlre improvements in еlес-
;:.-nic display technologies mеап that in most cascs it is possible to vielv documents on sсrееп instead оГ
:::nting thern (thus saving paper апd the space required to store the printed copies).

Eleclronic F}ight Bag (ЕFВ) is ап е]есtrопiс inf'onnation managemenl device that helps fliglr1 ctelvs
::Ti-oml flight managerxent tasks mоrе easily and el'ficiently with less paper. It is а general putpose
_ _.пlрutiпg рlаtГоrm intended to reduce, ot replace, paper-based rеIЪтепсе matetial о]tеп l'оuпd in 1hе

?:lot's саrry--оп Fliglrt Bag, inclLrding tlre Aircrat't Operating Manual, F-liglrt Сrеч, Operating Мапuаl,
::d Navigational Charts (including moving mар fог аir and grorrrrd operations). ln addition. tlre ЕFВ carr

:.lst puTpose-bui]t sоftwаrе applications to automate other functions nomlally conducted Ьу hand" suсh
:s рсrfоrmапсе tlrke-off calculations.

The ЕFВ g.-ts its паmе flon] the tвditional pilot's Flight Bag, u.hiсh is ýpically а hear,y (up to 40lЬi 18

,,е оr пrоrе) documents bag that pilots сап-у to the cockpit. Тhе Electronic Flight Bag is the replacement

-.ithose documents in а digital fогmаt. ЕFВ weights аrе t_vpically l to 5 pounds (0.5 to 2.2 kg), about the

:f,tne as а laptop соmрutец arrd а 1iaction оГtliе lveight and чоlumе ollthe рареr ршЬliсаtiопs. TheTe аэ
:uпеrоus benefits tЬr rrsing an ЕFВ but specific benefits vаly depending on the size oГtlre opeTation, type
._. Г applications userl. the exislitlg content п]апаsеmепt and distribшtion system, 1he фре оf applications
jeployed. Some соmmоп benelits include: weight savings b5l Teplacing tlre traditional flight bag. Teduced

nedical claims fionr handling traditional fliglrt bags, leduced cost, and increased efficiency Ьу reducing
.-,r eliminating papef plocesses. Тhеrе аге also clainrs of increased safely* and reducing pilot ч.оrklоаd.

ЕFВ devices сап display а výiety of aviation data оr perfom basic calculations (illcluding pert'or,-

пrапсе data and t'uel calculations.). In the past. some оf these frшrctions rчеrе traditionally accomplislred
using рареr reЁrences оr wefe based оп data pror.ided to the fliglrt сгеw lry ап airline"s "tlight dispatch"'

сrеw.

As personal computing technoiogy Ьесаmе rnore compact and porverful, lvilh extensive stoгage сара-

bilities" these devices Ьесаmе саlэаЬiе oГstoTing all tlre aeronautical clrarts t'or tlre entire u,оrld otr а single
t]uее-роuпd (1.4 kg) computer соmраrеd to the 80 lb (Зб kg) oI'paper погmаllу required Гог ч,orlclrvide

рареr charts. New technoJogies such as rеаl-timе satellite weather апd integration lvith GРS har,e further
expanded the capabilities of Electr"onic F 1ight Bags. However, Гог la:ge соmmеrсiаl airlines, the primary

рrоЬlеm rvith ЕFВ systems is поt the hаrdu,аrе ов tlre аirсrаft, but thе mеапs to reliably arrd efficieпtly
distribllte content updates to tlre airplane. Алd now thеге is ап ЕFВ made for tlre VFR & recreaticlnal lFR
Pilot, Ьу the паmе оГVFRраd. Tlre VFRpad has nraps, plates, АFD, plannirrg & rveather apps. plus а full
aviation GPS,

Тhе ЕFВ nray host а lvide arTay ofapplications, categorized in three softwaTe categories:
Туре А

Static applications, suсh as docutTent vierver (PDF, HTI,{L. XML tЬrmаts):

Electtonic checklisls (ECL);
Flight Ctew Operating Manuals, alrd other printed docutnents like airport NOTANI;
F light perforrnance calculation:

Туре В
Non_interactive electtcnic approaclr charts оr арргоасh clrarts that require panning, zooming, scToll-

irц;
I,Iead-dorvn display for Enhanced Vision System (EVS), Synthetic Иsion System (SVS) or video

сап]еrаS;

Real-tin-re weather data display, includirrg weather nrap:

Туре С
Catr Ье used as а Multi- lirnctiorr display (lvIFD); In at least one case as part оf ал Aulomatic Dependent

Suп еillапсе-Вrоldсаs1 svrtem,
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2. Ац electronic fliфt bag is used to:

Practical and laboratory activitv

1. What is ап electronic document?

i. store diffeTent information about
2. Rесогd diffelent data in order to rеtriече it after fliЗ. Реrfоrm ffight tasks mоrе апd efficiently with less
4. Nоле ofthe answers is соrrесt

3. What are the advantages of the electronic flight bag?
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11.4 CADICAE systems
Modem computer tесhлоlоgу епаьlеs the designel to mапаgе the епоrпоus пumьеr of dеsi.цп. mate,

гiаl. and pTocess applications available rvhen designing with composites Гоr exanrple. In the past, the de-
sigпеr had to 1imit the mаtеriаl, рrосеss, and dcsip choices to tl,tose tl]at \yere fan-riliar. Nor1 with the hеlр
оГ а compute1 one сап develop а пuпЬеr оГ design concepts, qtrickly evaluate tlrem against eslablished
гuпсtiопаl and реt,гоtmапсе сritеriа in а i,vide range ог materia]s and pTocesses, and mаkе the necessatv
design modiIicatitlns. Finislred drawings and specifications can Ье provicled with increased ассurасу and
confidence<lften in less time tluп ever Ьеfоrе possible. F'or ехаmрlе, ifone dimerrsion is changed that alters
mапу otirer dimensions. all the dimensions wi][ Ье cilanged automaticaily Ьу tlre cornputer at the same time
the iritial changes аrе шаdе.

Cornputer-aided engirreering (САЕ) is the Ьrоаd usage ofconrputer softrviLre to aid in engineering tasks,
It includes computer-aided desigl (CAD), computer-aided analysis (СА*{), cofirputer_integIated mалufас-
tшiпg (CIM), computer-aided manut'acfuring (САМ). САЕ areas covered includc:

. Stress analysis оп соmропепts апd assenrblies using FЕА (Finite Еtеrпепt Analysis);. Thernla] and fluid f{orv analysis Computational fluid dynamics (СFD) (Fig. З:l);. Kinernatics;

. Mecharrical event sirnulation (MES).
' Analysis tools tbl process simulation fог operations such as castirrg. molding, а.lTd tlie press fotming.. optimization оf tlre ргоduсt or process.

ln gепеrа1, theTe arc thrее phases in апу computer-aided engineering task:

' Pre-processiirg - dеfiпiпg the nrodel arrd envfuorTnental factors to Ье applied to it. (typicatly а fi-
nite еlеmепt model. but facet. чохеl and thin sheet
rnethocls ате also usedj

. Analysis solver (usually реrfоппеd
ercd соmрutеrs)

. Posbprocessing ol results (using
tools),

Computer,-aided design (CAD). is tlre use оlсоmршtеI
techriology fot the process oldesign and design-documen-
tation, Сошрrrtеr Aided Dmftiлg describes the process
of dt afting r,vitir а соmрutеr. САD soflware. оr епчirоп-
ments, proi.,ides tlre user with input-tools fоr the pLrrpose

on high porv_

visualization

Fig. 34. NASA Hyper-x дt N{АСН 7 -
cOmputatioItal fl uid dynamicS i!n!ge.

оl streamlining design processes; clTafting, documentatiotr, and manufactuTing plocesses. СдD output is
often in the lоlm оГеlесtrопiс fiIes for рriпt ot machining operations. Tlre development olCAD-basecl soft_
ware is in diTect corTelation rvillr the processes it seeks to есопоmizе; iлdustry-based softlvaIe (corrbtntctioп"
mаПu{'асtuгiпg, etc.) ýpically uses veclor-trasecl (liпеаr) environmenls \,vhereas gTaphlic_based softwaгe uli-
]izes rlstег-hаsеd {'l)ixeIrred) еп\ iгonn]iI)tS.

CAD is an important industnal at1 extensively used in mапу applications. ilcluding autоnotive, ship_
building, and аеrоsрасе industries, indusTial and architectura1 design, prosthetics. апd пlаtw rпоrе. Сuгrелt
conrputer-aided design sofovare packages rtmge frоm 2D vector-based tiraftirrg systems to 3D solici ancl suг-
face lтtodellers. Mo-dem CAD packages сап also frequently al[or.v rotatiorrs in three dimensions, allowing
viewing оfа tiesigned object fiom алу desired angle, even frоm the inside lооkiлg out. some СдD softrvare
is сараЬlе of dlrrarrric mathematical rnodelling. in ъ,hiсh case it nray Ье marketed as C]ADD - соmрulеr-
aided dcsigl and drafting. CAD is used in the desigr-r oftools and machinery and in the draiting anrl desigrr
оГаll tl,pes oГbuiidirrgs, Iiопr snrail residential types (houses) to the largest commercial ancl industTial slruс-
1tu'es (hospitals and Йctories). CAD is mаiпiу used Ibr delailed епgiпеегiпg oli3D mode]s and/or 2D draw-
iлgs оГрhуsiоаl ctrmponents, but it is also used thгoughout the engirreering process liom сопсерtuаl design
and lауоut ofproducts, thfough strengtlr and dynamic anaiysis of lssembiieb to dеfiлitiоп uf tnanuiacluring
methods оf oomponents. It can also Ье used to desigir objects. CAD has Ьесоmе arr especiai11, inlpol"tant
teclmology wit]rin the scope оГ comptlter-aicled technologies, rvith benefits such as lower protluct clevelop_
mепt costs ancl а greatly slrofienec] design сусlе. CAD eBables dеsigлеrs to 1ау out aвd develop work оп
sсгееп, print it out arrd sa\.e it Гоr tuture editing- sar.irrg time on tl]eir drawings.
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l. ComputeT automated desien 2. Соmрutеr automated dTawing

3. Computer aided design 4. Computer aided drawing

аU
5. Соmрutеr animated design 6. Сопrрlех automated desiяn

7. Computer animated description 8. Computer animated draiving

1. What means CAD?

2. What is the pulpose ofthe САЕ, desctibe its advantages and disadvantages.

3. What is thе diffeTence Ьемееп CAD and САЕ?

4. What CAD/CAE applications do уоu know?
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