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Figure 1-4. Semi-monocoque construction.
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Funzioni principali della fusoliera

La fusoliera di un velivolo deve:

e contenere il carico pagante (passeggeri, cargo, armamento
eventualmente rimovibile)

e consentire un facile carico e scarico

« offrire protezione contro i fattori climatici (freddo, bassa pressione,
velocita del vento)

e proteggere dal rumore esterno

e contenere il cockpit (tipicamente nella zona di prua)

e fornire il supporto strutturale per attaccare l'ala, gli impennagqi, i
carrelli e i motori.

 fornire spazio per i sistemi, i motori, i carrelli, TAPU, i serbatoi di
combustibile.
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Il progetto della fusoliera: considerazioni generali
Cosa guida il progetto della fusoliera?

e Requisiti del carico pagante
e Considerazioni aerodinamiche

e Considerazioni strutturali

La fusoliera e tipicamente progettata dall’'interno
verso l’esterno

In volo subsonico i requisiti del carico pagante determinano principalmente la forma della fusoliera, anche se una opportuna
distribuzione del carico pagante deve essere trovata per minimizzare le penalizzazioni aerodinamiche e strutturali.
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Relatore
Note di presentazione
In subsonic flight the payload requirements are mainly determining the shape of the fuselage, though a proper distribution of payload has to be found in order to minimize the aerodynamic and structural penalties!



Fuselage design — REQUISITI CARICO PAGANTE
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Il progetto della fusoliera: allestimento della cabina

B757 DC-10 First CLass UPPER DeEck  Lower Deck
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Tipiche suddivisioni in posti di prima classe, business ed ©2005 HowstutWorks

economici in un layout a 2 e 3 classi di posti:
Business and economy (10%, 90%)
First class, business, economy (8%, 13%, 79%)
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Note di presentazione
Typical subdivision of first, business and economy seats in a 2 and 3 class layout: 
Business and economy (10%, 90%)
First class, business, economy (8%, 13%, 79%)



Il progetto della fusoliera: allestimento della cabina

La flessibilita del layout € un requisito importante, sia per velivoli passeggeri ...

.-_-1; SRR E A
Commmams

300 seats in three-class arrangement (three class at 60-38~32 pitch)

N— Un velivolo,
=) EECEEE . .
i 5255188888( 3 diversi
- 5 EEER{38988 allestimenti

Fonte: Jenkinson

440 seats in a single class (single class at 32 pitch)

L'allestimento della cabina e piuttosto flessibile: I'aerolinea puo decidere come usare la capacita di carico del velivolo.

Grandi differenze nella densita sussistono tra la classe turistica e la prima classe. Lo stesso velivolo puo essere
riconfigurato da una configurazione ad alta densita ad una configurazione a 2 o 3 classi
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Note di presentazione
The arrangement of the cabin is rather flexible: the airliner can decide how to make use of the loading capability of the aircraft. Large differences in density exist between tourist and first class. The same aircraft can be reconfigured from a high density to a  2 or 3 classes configuration.



Il progetto della fusoliera: allestimento della cabina

... che per i velivoli da trasporto merci e i velivoli militari (sia da combattimento
che da trasporto).

Fonte: www.airbusmilitary.com

Il successo di un velivolo e largamente determinato dalla sua flessibilita d’'uso! La flessibilita non si
raggiunge semplicemente! La si puo ottenere in seguito ad una opportuna progettazione.

Non si disegna prima la cabina e poi si vede cosa puo contenere!!! Si progetta la cabina in relazione ed
attorno a cio che si vuole contenere! Si deve progettare dall'interno verso I'esterno.

(requisiti speciali possono in questo modo effettivamente vincolare la liberta delle scelte di

rogettazione
prog ) 10
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Note di presentazione
The success of an aircraft is largely determined by it use flexibility! Flexibility does not just happen! You can obtain that as a result of a proper design.
You do not design a cabin first and then check what you can fit in!!! You design a cabin according and around what you want to fit it! You must design inside-out!
(special requirements might actually constrain your freedom in designing this way)


Progetto della sezione trasversale di fusoliera

" Width

Aisle Height

}_‘

™
\

Long Short

range range
Seat width (in) 17 - 28 16 -18
Seat pitch (in) 34 - 40 30-32
Headroom (in) > 65 -
Aisle Width (in) 20 -28 > 15
Aisle Height (in) >76 > 60
Lavatories/passengers 1/ (10-20) | 1/ (40 -50)
(Cf;tall\lg)y volume/passengers 1-8 0-1
Baggage/passengers (Ibs) 40 - 60 40

I parametri indicati sopra assumono valori diversi in relazione alla tratta del velivolo: velivoli con autonomia maggiore

devono garantire un livello pit alto di comfort e la possibilita di portare piu bagagli.
In linea di massima, quando si definisce la disposizione dei passeggeri, e quindi il numero di corridoi, Torenbeek

suggerisce:

Numero di passeggeri > 150 => 2 corridoi (a/sles)
Numero di passeggeri > 500 => due ponti

Progetto della fusoliera (parte I)
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Note di presentazione
The parameters indicated above get different numbers according to the range of the aircraft: longer range aircraft must guarantee a higher level of comfort and the possibility to have more baggage.

As a rule of thumb, when deciding the arrangement of the passengers, hence the number of aisles, Torenbeek suggests:
Number of  pax > 150 then  2 aisles
Number pax > 500 consider two decks

Regulations fix the minimum level of comfort and prescribe the minimum space required for safe evacuation.
For airplanes having a seating capacity of more than 44 passengers, it must be shown that the maximum seating capacity, including the number of crewmembers required by the operating rules for which certification is requested, can be evacuated from the airplane to the ground under simulated emergency conditions within 90 seconds.
The maximum number of seats abreast is also prescribed by regulations. 



Progetto della sezione trasversale di fusoliera

Long Short ——
range range //7 T\“\\\
. . / / Aisle Height \
Seat width (in) 17 - 28 16 -18 # J N
_ ) g B _\ii%'tﬁ_‘“‘ ' Headroom
Seat pitch (in) 34 - 40 30-32 f/
Headroom (in) > 65 - ;/
Aisle Width (in) 20 -28 > 15 (
|
Aisle Height (in) >76 > 60
Lavatories/passengers 1/ (10-20) | 1/ (40 -50)
Galley volume/passengers ] ]
(t 73) 1-8 0-1
Baggage/passengers (Ibs) 40 - 60 40

I regolamenti fissano il livello minimo di comfort e prescrivono il minimo spazio richiesto per una evacuazone sicura.

Per velivoli aventi una capacita di carico di piu di 44 passeggeri, deve essere dimostrato che il massimo carico di passeggeri
incluso il numero di membri dell’equipaggio richiesti dai regolamenti per cui e richiesta la certificazione, puo essere fatto
evacuare dal velivolo al suolo in condizioni di emergenza simulata entro 90 secondi.

Il numero massimo di posti affiancati € altresi prescritto dai regolamenti.
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Relatore
Note di presentazione
The parameters indicated above get different numbers according to the range of the aircraft: longer range aircraft must guarantee a higher level of comfort and the possibility to have more baggage.

As a rule of thumb, when deciding the arrangement of the passengers, hence the number of aisles, Torenbeek suggests:
Number of  pax > 150 then  2 aisles
Number pax > 500 consider two decks

Regulations fix the minimum level of comfort and prescribe the minimum space required for safe evacuation.
For airplanes having a seating capacity of more than 44 passengers, it must be shown that the maximum seating capacity, including the number of crewmembers required by the operating rules for which certification is requested, can be evacuated from the airplane to the ground under simulated emergency conditions within 90 seconds.
The maximum number of seats abreast is also prescribed by regulations. 



Progetto della sezione trasversale di fusoliera

Table 9.1

Typical passenger compartment data

High density/

First class Economy small aircraft
Seat pitch (in.) 38-40 34-36 3-32
Seat width (in.) 20-28 17-22 16-18
Headroom (in.) =65 =68 -
Aisle width (in.) 20-28 18-20 =12
Aisle height (in.) > 76 =76 =60
Passengers per cabin staff 16-20 31-36 =50
(international-domestic)
Passengers per lavatory 10-20 4060 40-60
(407 % 407
Galley volume per 5-8 1-2 0-1

passenger (ft*/pass)
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Fig. 9.3 Commercial passenger allowances.
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Relatore
Note di presentazione
On airplanes having only one passenger aisle, no more than three seats abreast may be placed on each side of the aisle in any one row.
The seating configurations in the picture are typical of tourist class.

Notice the loading units (containers) collocated under the passengers deck.
It is possible to have LD like containers also not in couples (one next to the other)
In order to estimate the volume required by luggage and cargo the following density values can be used:
10 lb/ft^3 for cargo density
12,5 lb/ft^3 luggage density.



®)

Table 5.2 Typical seat widths

Class Seat width (mm) Seat width (in)
Charter 400-420 16-17
Economy 475-525 19-21
Business 575-625 23-25
First 625-700 25-28

(For reference a public service bus seat is approximately 425 mm [17 in] wide.)

First Class (6 abreast)

Business Class (7 abreast)

Deck layout

Economy Charter Class (9 abreast)

E

Charter Class (10 abreast)

Fig. 5.8 Seat options for different compartments (classes) (source Boeing data).
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Relatore
Note di presentazione
On airplanes having only one passenger aisle, no more than three seats abreast may be placed on each side of the aisle in any one row.
The seating configurations in the picture are typical of tourist class.

Notice the loading units (containers) collocated under the passengers deck.
It is possible to have LD like containers also not in couples (one next to the other)
In order to estimate the volume required by luggage and cargo the following density values can be used:
10 lb/ft^3 for cargo density
12,5 lb/ft^3 luggage density.



31 inches 38 inches
Charter Business
Fig. 5.10 Seat pitch options. Table 5.3 Typical seat pitch

Class Seat pitch {mm) Seat pitch (in)
Charter 700-775 28-31
Economy T75-850 31-34
Business 900950 36-38
First 950-1050+ 3542+
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Relatore
Note di presentazione
On airplanes having only one passenger aisle, no more than three seats abreast may be placed on each side of the aisle in any one row.
The seating configurations in the picture are typical of tourist class.

Notice the loading units (containers) collocated under the passengers deck.
It is possible to have LD like containers also not in couples (one next to the other)
In order to estimate the volume required by luggage and cargo the following density values can be used:
10 lb/ft^3 for cargo density
12,5 lb/ft^3 luggage density.



Fuselage sections
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Some of the basic cross-sectional alternatives that Douglas has considered for the very large aircraft project.
with a present-day cross section to provide scale. Prime requirement is for the 8 It x 8 ft container to be carried

efficiently. The bottom-row (middle) designs could alternatively be made circular, dispensing with the upper
(dotted) lobe.



Il progetto della fusoliera: allestimento della cabina

Overall cabin length 162 feet Flight deck

-

= Services Economy Business First class
(galley, toilet, 15 rows of 36 8 rows of 40 2 rows of 60
wardrobe) inches pitch inches pitch inches pitch

Fig. 5.20 Example aircraft cabin layout.
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Relatore
Note di presentazione
On airplanes having only one passenger aisle, no more than three seats abreast may be placed on each side of the aisle in any one row.
The seating configurations in the picture are typical of tourist class.

Notice the loading units (containers) collocated under the passengers deck.
It is possible to have LD like containers also not in couples (one next to the other)
In order to estimate the volume required by luggage and cargo the following density values can be used:
10 lb/ft^3 for cargo density
12,5 lb/ft^3 luggage density.



Progetto della sezione trasversale di fusoliera

Lockheed L-1011 McDonnell Douglas DC-10 Boeing 747

Su velivoli che hanno solo un corridoio passeggeri, non piu di 3 sedili affiancati possono essere posti su ciascun
lato del corridoio in ciascuna fila.
Le configurazioni dei posti nelle figure sono tipiche della classe turistica.

Progetto della fusoliera (parte I)
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Relatore
Note di presentazione
On airplanes having only one passenger aisle, no more than three seats abreast may be placed on each side of the aisle in any one row.
The seating configurations in the picture are typical of tourist class.

Notice the loading units (containers) collocated under the passengers deck.
It is possible to have LD like containers also not in couples (one next to the other)
In order to estimate the volume required by luggage and cargo the following density values can be used:
10 lb/ft^3 for cargo density
12,5 lb/ft^3 luggage density.



Progetto della sezione trasversale di fusoliera

0.440 m 0.45¥ m
- - - —
173 18"

2.263 m/89"

2570 mMot .2
AL A S S—

Bag
Bag 30.80 in 24x16x10 in
22x14x9 in (78 cm) / (61x40x25 cm)
(56x36x23 cm) '\, _ g e

‘ 6ft 7in
| (2.00m)
It 4t 9in
M (1.44m)

11t Oin
(3.35m)

\/ 3ft 1in
(0.94m)

(3.01 m)

Come primo obiettivo si devono fornire disegni tecnici simili
per illustrare il progetto della sezione di fusoliera

La sezione trasversale € tipicamente progettata per inviluppare il carico pagante. Si osservi come la forma risultante si
piu discostare dalla sezione circolare che costituisce I'ottimo dal punto di vista strutturale.
La pancia piatta in un caso legata alla ridotta dimensione complessiva del velivolo comporta quindi impossibilita di

portare carico in containers al disotto del ponte passeggeri.

Nel secondo caso (destra) una forma a doppia calotta e stata usata per creare lo spazio per i container standard, senza
accrescere inutilmente il raggio della sezione globale. Si noti la posizione del pavimento all'interaccia delle sezioni

superiore ed inferiore.

Progetto della fusoliera (parte I)
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Relatore
Note di presentazione
The cross section is typically designed to envelope the payload. See how the resulting shape can depart from the structurally optimum circular section! 
Flattened belly in one case due to the general small size of the fuselage, hence impossibility to carry containerized cargo under the passengers deck. 
In the second case (right) a double bubble shape has been used to create space for (standard) container, without the unnecessary increase of the overall cross section radius. Note the position of the floor at the interfaces of the upper and lower section arcs.



Contenitori standard cargo

’wh‘ﬁn) Depth

i

Height (in)

B Depth (in) ‘:}Af

Maximum
Designation Width Height Depth Base foad (1b) Notes
LD-1 920 64 0 60 4 61.5 3500 Iype A
LD-2 615 64 0 60.4 47 0 2700 Type A
LD-3 79.0 64 0 60 4 615 3500 Iype A
LD-4 96 0 640 60 4 - 5400 Rectangular
ID-5 1250 64 0 60 4 - 7000 Rectangular
LD-6 1600 64 0 60.4 1250 7000 Type B
LD-7 1250 64 0 80 0 - 13300 Rect/Contoured
LD-§ 1250 64.0 60 4 96 0 5400 Type B
-LD-9 1250 64.0 80 0 - 13300 Rect/Contoured
‘LD-10 125.0 64 0 60.4 - 7000 Contoured
‘LD-11 125.0 64 0 60 4 - 7000 Rectangular
.LD-29 186 0 64.0 88 0 125.0 13 300 Type B

Fonte Jenkinson
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Note di presentazione
In modern aircraft checked baggage AND other cargo is normally carried in standard cargo containers. Also pallets are commonly used.
There are several kinds of standard container, box like and pallet. The shape of the cross section is typically designed around standard container.
Non standard containers represent just extra costs and problems to be handled.
Clearance values between containers and containers and between containers and structure should be always accounted to ease the loading and unloading operations and avoid damage to the structure. The structure around the doors and the floor panels are typically designed to resist impact and wear.
Special rollers are used to ease the loading and moving of container within  the cargo bay.

The cargo area is typically split in two compartments due to the wing crossing section. Two doors must be provided for proper access.


Numero e tipo di uscite di emergenza

Numero e tipo di uscite di emergenza per numero di

passeggeri, per ciascun lato della fusoliera (C.S.
25.807)

LS

Na. Pass. Typel Type Il Type I Type IV
1-9 1
10-19 1
20-39 1 1
40-79 I 1
80-109 1 2
110-139 2 1
140-179 2 3

180-200  Add exits so that 179 plus “seat credits” = passenger number.

Seat Credit Exit Type
12 Single Ventral
15 Single Tailcone
35 Pair Type 111
40 Pair Type II
45 Pair Type I
110 Pair Type A

Onur Air Airbus A.300B4-203 TC-ONT, 21 JUN 2003, Amsterdam (AMS) © Harro Ranter

> 300 Use pairs of Type A or Type I with the

) Figure tratte da www.Aviation-safety.net
sum of “seat credits” = passenger number.
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Note di presentazione
The number and size of emergency exits is based on the number of passengers (crew member are not included in the number of passengers!). 
Refer to CS 25.807.
From 1 to 179 passengers the number of emergency exits can be found using the the table above.
Note that the number of emergency exits indicated in the table is meant for each side of the fuselage! (e.g. for a maximum of 9 passengers one type IV exit is required on the right side of the fuselage and another Type IV exit is required on the left side)

For more than 179 passengers (up to 299) a “seat credit” system applies:
A pair of Type A exits (i.e. one Type A exit per fuselage side)  allows to carry 179 + 110 passengers.
A pair of Type I exits (i.e. one Type I exit per fuselage side)  allows to carry 179 + 45 passengers
….
A single tailcone exit allows to carry 179 + 15 passengers 
A single ventral exit allow to carry 179 +12 passengers

Over 299 passengers, all exits must be either of Type A or Type I: a pair of type A exits (one exit per fuselage side) must be inserted each 110 passengers (or a pair of Type I each 45 passengers)
In order to carry 600 passengers, 6 pairs of Type A exits have to be installed (6 doors per fuselage side).
The A380 features 8 pairs of Type A doors, hence it has been certified for 880 passengers (8 times 110 passengers)

Seats cannot be positioned in front of exit doors, which for a given numbers of seats rows calls for extra fuselage length.





Numero e tipo di uscite di emergenza

Il numero e la dimensione delle uscite di emergenza e basato sul numero di passeggeri (SENZA CREW)

Da 1 a 179 passeggeri il numero di uscite di emergenza puo essere trovato usando la tabella nella slide
precedente.
Riferirsi a CS 25.807.

Si noti che il numero di uscite di emergenza indicato € inteso per ciascun lato della fusolieral
(per esempio per un massimo di 9 passeggeri € richiesta un’uscita di tipo 1V sul lato destro
della fusoliera e un’altra uscita di tipo IV sul lato sinistro)

Per piu di 179 passeggeri (fino 299) si applica un sistema a “credito di posti”:
Una coppia di uscite di tipo A (una per lato della fusoliera) permette di imbarcare 179+110 passeggeri.
Una coppia di uscite di tipo | (una per lato della fusoliera) permette di imbarcare 179+45 passeggeri.

Una uscita singola in coda permette di imbarcare 179+15 passeggeri
Una uscita singola ventrale permette di imbarcare 179+12 passeggeri

Oltre i 299 passeggeri, tutte le uscite devono essere o di tipo A o di tipo I: una coppia di uscite di tipo A
(una per lato) deve essere inserita ogni 110 passeggeri (o una coppia di uscite di tipo | ogni 45
passeggeri)

Per poter imbarcare 600 passeggeri 6 coppie di uscite di tipo A devono essere installate (6 per lato).
L’A380 presenta 8 coppie di porte tipo A, quindi é stato certificato per 880 passeggeri (8x110 passeggeri)
Non si possono collocare sedili di davanti alle porte di uscita, cio richiede una maggiore lunghezza della
fusoliera per un dato numero di file di posti.
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Note di presentazione
The number and size of emergency exits is based on the number of passengers (crew member are not included in the number of passengers!). 
Refer to CS 25.807.
From 1 to 179 passengers the number of emergency exits can be found using the the table above.
Note that the number of emergency exits indicated in the table is meant for each side of the fuselage! (e.g. for a maximum of 9 passengers one type IV exit is required on the right side of the fuselage and another Type IV exit is required on the left side)

For more than 179 passengers (up to 299) a “seat credit” system applies:
A pair of Type A exits (i.e. one Type A exit per fuselage side)  allows to carry 179 + 110 passengers.
A pair of Type I exits (i.e. one Type I exit per fuselage side)  allows to carry 179 + 45 passengers
….
A single tailcone exit allows to carry 179 + 15 passengers 
A single ventral exit allow to carry 179 +12 passengers

Over 299 passengers, all exits must be either of Type A or Type I: a pair of type A exits (one exit per fuselage side) must be inserted each 110 passengers (or a pair of Type I each 45 passengers)
In order to carry 600 passengers, 6 pairs of Type A exits have to be installed (6 doors per fuselage side).
The A380 features 8 pairs of Type A doors, hence it has been certified for 880 passengers (8 times 110 passengers)

Seats cannot be positioned in front of exit doors, which for a given numbers of seats rows calls for extra fuselage length.





Dimensioni delle uscite di emergenza

TYPE I AND II

Type

'F lloor level

TYPE I AND IV

Type 1

Type II
Type 111
Type IV
Tailcone

Ventral
Type A

In base alle CS 25.807

Location Min. Dimensions Min. Step Height
Width x Height (in.) Inside:Outside (in.)
Floor Level 24 x 48 —
Floor Level 20 x 44 —
Overwing 20 x 44 10:17
Overwing 20 x 3h 24:27
Overwing 19 x 2t =136
Aft of Pressure Hull 20 = 60 24 17
Bottom of Fuselage Equiv. Type 1 —
Floor Level 42 = 72 —

Da Toorenbeek
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Note di presentazione
CS 25.807 Emergency exits:
(a) Type. For the purpose of this CS–25, the types of exits are defined as follows:
(1) Type I. This type is a floor level exit with a rectangular opening of not less than 61 cm (24 inches) wide by 1·22 m (48 inches) high, with corner radii not greater than one-third the width of the exit.
(2) Type II. This type is a rectangular opening of not less than 51 cm (20 inches) wide by 1.12 m (44 inches) high, with corner radii not greater than one-third the width of the exit. Type II exits must be floor level exits unless located over the wing, in which case they may not have a step-up inside the aeroplane of more than 25 cm (10 inches) nor a step-down outside the aeroplane of more than 43 cm (17inches).
(3) Type III. This type is a rectangular opening of not less than 51 cm (20 inches) wide by 91 cm (36 inches) high, with corner radii not greater than one-third the width of the exit, and with a step-up inside the aeroplane of not more than 51 cm (20 inches). If the exit is located over the wing, the step-down outside the aeroplane may not exceed 69 cm (27 inches).
(4) Type IV. This type is a rectangular opening of not less than 48 cm (19 inches) wide by 66 cm (26 inches) high, with corner radii not greater than one-third the width of the exit, located over the wing, with a step-up inside the aeroplane of not more than 74 cm (29 inches) and a step-down outside the aeroplane of not more than 91 cm (36 inches).
(5) Ventral. This type is an exit from the passenger compartment through the pressure shell and the bottom fuselage skin. The dimensions and physical configuration of this
type of exit must allow at least the same rate of egress as a Type I exit with the aeroplane in the normal ground attitude, with landing gear extended.
(6) Tail cone. This type is an aft exit from the passenger compartment through the pressure shell and through an openable cone of the fuselage aft of the pressure shell. The means of opening the tail cone must be simple and obvious and must employ a single operation.
(7) Type A. This type is a floor level exit with a rectangular opening of not less than 1.07 m (42 inches) wide by 1·83 m (72 inches) high with corner radii not greater than one-sixth of the width of the exit.
(b) Step down distance. Step down distance, as used in this paragraph, means the actual distance between the bottom of the required opening and a usable foot hold, extending out from the fuselage, that is large enough to be effective without searching by sight or feel.
(c) Over-sized exits. Openings larger than those specified in this paragraph, whether or not of rectangular shape, may be used if the specified rectangular opening can be inscribed within the opening and the base of the inscribed rectangular opening meets the specified step-up and step-down heights.



Porte cargo: diversi sistemi di apertura laterale

Hinge Door Actuator
7 ?’“\ | Flex Drive (Manual)
\\ 3 ‘ : Passenger Floor
[

'-'“_‘: e

——

| Cargo

': i~ Compartment
b Floor

Control Panel= -
(View Looking Inbd)

Latch

Spool
Sistema ad apertura verso
I'esterno

/ .

Sistema ad apertura verso

I'interno
.;- Floor beam e
T

Door (open
position)

Door

Fonte: http://lessons.airmmac.faa.qov e
Niu
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Tipiche disposizioni del portellonl su un velivolo da trasporto
commerciale

Passanger door

Passenger door
Fh-aht compartment emergency hatch Forward elactronic service

center door
\ r—'—% Environment control system access door
ot
et i

Mid electrical service center door

Mose landing
gear doors

Forward cargo
compartment door

~
— Galley door
ﬁ ' Hydraulic service
ﬂ \, ‘ center forward door

Docrs ‘\1

Fonte: Niu, Airframe Structural Design

Passangm door

\ Pamn-nar doar \ ‘
Flight compartment emergency hatch <

Hydraulic service mntar et
aft door

4

1
s
Aft cargo v

compartment door

Center cargo
compartment door
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Services

galleys toilets wardrobes
Airecraft type: le.n Range " - -
- "M 2] b Ginem) |2 (1 xb Cinem) o | 2] 1 x b (ineh)
] E toilet 5
ABrospatiale N-262 Frégate 29 400 |1 23 x 20 1 41 % 18 29 1 40 x 24
Crumman Culfstream I 19 | 2100 |1 34 x 25 1 67 x 37 19 l 6 x 32
Hawker Siddeley 748 srs 200 &b 1000 | 1 37 % 14 1 33 = 35 &4 -
Fokker-YFW F.27 Friendship srs 200 48 | 110071 | &3 x 35 1 47 x 46 48 1 3l x 16
De Havilland Canada DHC=7 4G 800 | 1 26 x 24 1 46 x 30 44 1 26 x 24
Lockheed L-188 Electra 95 | 2300 |2 | 46 = 26 4 46 x &1 24 2| 46 x 34
HFB 320 Hansajet 7 1000 § 1 24 x 25 1 10 x 26 7 1 24 x 15
Hawker Siddeley HS-125 srs 400 8 | 1450 - ! 35 x 28 8 | 1] 24x12
Dassault Falecon 20.F 10 |. 1500 )1 | 27 x 18 1 44 x 30 10 1| 51 = 25
Dassault Falcon 30/Mystére 40 34 150 ) = 1 41 = 31 34 -
VFW-Fokker 614 &0 JOOj 1| 35 x 28 1 35 x 32 40 65 x 40
Fokker VEW-F.28 Mk 1000 60 10254 1 G446 x 25 1 58 x 25 60 1 5 x 1
BAC=111 srs 200/400 T4 900§ 2| 49 x 22 2 65 x 35 37 1| 49 x 22
Mz Donnell Douglas DC-9 srs 10/20 80 | 1M00) 1| 4B x 33 2 48 x 4B 40 2| 48 = 21
Boeing 737 sts 200 115 | 1800 § 1 55 = 43 2 43 x 34 58 1 35 x 43
Adrospatiale Caravelle 12 118 | 10001 51 x 43 2 35 x 43 59 2 24 x 17
Dassault Mercure 140 800 | - ) 2 47 x 34 70 2] 49 x 16
Boeing 727 series 300 163 | 1150) 2| 51 x 32 3 43 x 39 55 -
Europlane 191 1400 3| 42 = 42 & 42 x 41 48 1 52 x 26
‘A=300 B/ 295 | 1600 3 - 5 50 x 35 58 -
Lockheed L-1011 330 2700 1| 20 x 13.5 Etz 7 45 x 36 a7 = | head racks
Mc Donmédl Douglas DC-10 380 | 30001 ;:‘:;:yﬂ"“ 9 40 x 40 42 | 2 6.3 % 1.8 fe?
BAC-VC- G ! 135 | 4200} 1 49 x 32 5 &7 x 41 27 2 62 x 24
Boeing 7O7/-320 B 189 | 5000f 2| 79 x 47 4 40 x 37 48 1| 79 x 43
Mc Donnell Douglas DC-8 srs 63 251 4000 | 2 48 x 34 5 42 x 42 50 4 34 x 20
Boeing 747 490 | so00) & | 6.6 x 2.1 £¢2| 1 40 x40 | 41 | 2[5.9x 2.3 fc?

Progetto della fusoliera (parte I)
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Soluzioni speciali nel progetto della fusoliera per
la sistemazione di grandi carichi

Esempi di soluzioni con sistema di carico a prua

Fonte: Niu, Airframe Structural Design

Progetto della fusoliera (parte I)
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Fuselage data

N per Max NDecks Layout Width Height Airecraft Name
XSection Abreast

2 2 1 11 64 &0 Lear2t

2 2 1 11 &5 70 DHC&

2 2 1 11 94 94 GIV

4 4 1 22 110 101 DHC7

4 4 1 22 104 104 DashB8-300

4 4 1 22 113 113 Concorde

5 5 1 23 124 134 BAC111

5 5 1 23 120 120 F100

5 5 1 23 131.5 143 MD&0/ 717

& & 1 33 148 - T37/757

& & 1 33 147 - DC8

& & 1 33 140 140 BAE14¢&

& & 1 33 155.5 - A320

7 7 1 232 198 217 767

7 7 1 232 18& - TJ7

8 8 1 242 222 - R3I00O/R310/A330/A340
S 9 1 252 237 237 MD11

S 9 1 252 235 235 L1011

) 9 1 252 244 244 777

1e 9 2 333/232 266 336 A3xx Study (1994)
16 10 2 343/33 256 308 747

18 10 2 343/24z2 266 336 A280 Coach

19 11 2 353/242 - - MD-12 (study)

19 11 2 2342/242 307 373 Boeing NLA (study)
26 10 3 343/343/33 261 403 A 3-deck guess

29 12 3 343/363/232 335 403 Based on Douglas Study



Il progetto della fusoliera: considerazioni aerodinamiche

Nose Cabin Tailcone
A

<
- d
L
'
'd
d

\ 4

A
\ 4
A

[
»

P
<

d/l: rapporto di finezza (fineness o slenderness ratio)™

* A volte anche I/d

Il valore del rapporto di finezza e definito come il rapporto tra il massimo diametro trasversale (si
assume una sezione quasi circolare di fusoliera) e la lunghezza totale di fusoliera (dall’'estremita di prua
a quella del cono di coda). A volte anche l'inverso di tale grandezza € indicato come fineness ratio.

La cabina é la parte della fusoliera tipicamente a sezione trasversale costante usata per alloggiare i
passeggeri o il carico pagante. In caso di grande cono di coda, € possibile ospitarvi passeggeri e cargo,
anche se la minore sezione trasversale richiede una differente disposizione di posti e cargo.

29
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Il progetto della fusoliera: considerazioni aerodinamiche

0.1

C; - | Resistenza d’attrito
l T~=~w___| «— (Friction drag)
| [o TN et M oy - A |
1 0.2 (0.4 (.6 0.8 ) Eonte Corke

o —— il

Effetto del rapporto di finezza sui contributi della resistenza
viscosa e di pressione alla resistenza complessiva di un corpo
SUBSONICO

Grandi rapporti di finezza corrispondono ad aree bagnate ridotte, cioé bassi valori della
resistenza di attrito. Ma tali corpi tozzi creano una notevole resistenza di scia.



Sezioni di prua e di coda: considerazioni aerodinamiche

d
In It
|4
Typical In/D values: 1.2 - 2.5 Typical It/D values: 2 - 5
Overnose angle Tail cone angle (divergence angle) <= 24deg

\ Rotation angle = 14

Progetto della fusoliera (parte I) 31



1.0

oo

AG

BASE DRAG FOR x=D

B

AFTERBODY DA

——

(¥

e ===""" T skin triction N.B. Parametro x/d
'D ___..-l'"'] | | i j
0 5 1.0 15 20 2.5

AFTERBODY FINENESS RATIO, x/d

"1ig. 3-4.Afterbody drag of a fuselage tail,
then added to a cylindrical shape



Fuselage design

prua

Effect of Nose Fineness on Drag Divergence Mach Number

1 .0

(Vi ]

oo

Hnw

L b

Typical Transport Aircraft Shapes

Nose Fineness, Length /7 Diameter

: e
: T
- e
. _a-‘-
.
- ) .
el ~ % | i
g i.[ " -
ey ‘ —
- e Y s
Mozelength
| .0 1.5 2.0 25 EN



Fuselage design CODA

Boeing 777 4

- e U -
_- | -

Upsweep

Upsweep circa 14-15°

Incremento di CD dovuto all’'upsweep Angolo di upsweep del
della fusoliera - tipico : cono di fusoliera (circa 10-15 deq)

6-8 drag counts
(0.0006-0.0008) ‘ ')/

L'upsweep della fusoliera (necessario per garantire un opportuno angolo di rotazione) comporta un
aumento di resistenza aerodinamica.



Fuselage design

Table 4.1 Currently Used Geometric Fuselage Parameters

ST EEE ST EREE TS e TS EEEEEECEEEEE = EEEEEST TSN

Airplane Type lffdf 1fc.|’c'.lf LF

(deg)
Homebuilts 4 - 8 3e 2 -9
Single Engine 5 - 8 3 - 4 3 -9
Twins B3.6%* - 3 2.6 - 4 6 - 13
Agricultural 5 - 8 3 - 4 1 -7
Business Jets 7T - 9.5 2.5 - 5 6 - 11
Regionals 5.6 - 10 2 - 4 15 = 19%%s
Jet Transports 6.8 - 11,5 2.6 - 4 11 - 14
Mil. Trainers 5.4 - 7.5 3e up to 14
Fighters 7 - 11 3 - 5 0 -8
Mil. Transports, Bombers and
Patrol Airplanes 6 - 13 2.5 - 6 T = 25%%=+s
Flying Boats 6§ - 11 3 -6 8 - 14
Supersonics 12 - 2% 6 - B 2 -9

*Tailcone as defined by Figure 4.1 not easily defined
**Cessna 336 (Fig.3.9%c) *%*Egpbraer Brasilia (Fig.3.164d)
****Lockheed Hercules (Fig.3,29d)




Fuselage design — pitching moment

Gy =Gy +C,

K _K lrf
Coor=— 21— [T Ny, +ig) dx
mQ 36.5-S - cma -[0 F ( wiLl fc:)
1 lil1‘»’1 b 68 . -'"rg 68

Cur = - Wa - L ede + | R L G
"T T 36.5-S - cma {-[U i H o l } : '[0 i H (eled l } }

N\

K«, - K n
_ 2 1 | 2 .
mof = Z W, '(‘Iwm "'Iﬁ:s)'ﬁﬂ:

[y

| i
25
6.5:S-cma |55

&

36.5-5 -cma

j=1

cr

2, |6
J H]MﬁZWI%K ”J +1]m2}
1 j=1 oa ),
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Fuselage design — pitching moment
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=0

M0 B =0 W0 E =

Fuselage design — pitching moment — B737

s
o

0.3000
0.2500

0. 2000

0.1500

0.1000

0.0500

RIRLLEL

7

-0.0500

01000
-0.1500

-5.00

0.00

5.00 10.00
Alpha Body [deg]

15.00 20,00
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-0.0947

0.01380

-0.215

38



Fuselage design — pitching moment — TECNAM P2012

0.80
0.60
0.40
0.20
0.00
-0.20

| Fuselage 0069
' // 0.040
—Wing 0.020
C ) 0.000
/ -0.020
-0.040
-0.060
6 -4 2 0 2 4 6 8

a (deq)

AX

acBODY —

CM

| Fuselage

JW ing

6 -4 -2 0 2 4 6 8
a (deg)

ssopy _ 00115 _
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PIANI DI CODA!!!

Ventral fins
Fin {(vertical Ri
ght fin
Rudder stabilizer) Elevator

Len fin
Honzontal

1 ! ™ :.E -I.Tﬁ.. JF: - E >
Elovater Light Aircraft

Standard Tail Twin Tail

Bulkheads

and/or
f:% Formers

V-Butterfly-Tail

VWing Attachment
Points

Firewall

Figure 1-4. Semi-monocodque construction.
Progetto della fusoliera (parte I)



rable 8.3a) Twin Engine Propeller Driven Al

and Blevator Data

Type Wing
Area
8
el

CESSNA

310R 17%

4028 196

4140 116

T303 139

PIPER

PA-31P 11%

PA-44=-180T 184
Chieftain 219
Cheyenne I 129
Cheyen.III 293
BEECH

Duchess 181
Duke B&0 213

Lear Fan

2100 163
Rockwell

Comdr 700 2100
Piaggio

P166-DL3 236
EMB-121 196

Wing
mgC

c
ft

4,717
4.77
4,73
4,9

5.7%
4,34
.00
5.69
7.33

5.08
6.60

4,36
5.213

6.06
6.61

Wing
Afirfoil

root/tip
NACA®*

23018/23009
23018/23009
23018/23009
23017/13012

63,415/63,212
NA
63,A415/63,A2112
€3 ,A415/63,A212
63,A415/63,A212

63,A418
23016,3/23010,5

NA
NA

230 geries
HA

¢ Onless otherwise indicated

Bor.
Tail
Area

ft

54.3
0.7
$0.7
48.1

8.7
13.4
61.4
70.5
1.8

39.4
62.0

55.0
55.4

51.6
62,9

8,/8y,

D.41
0.29
0.27
0.43

0.44
1.0

0.38
0.40
0.39

0.5
0.17

0.23
0.37

0.27
0.43

HT e VT

n

ft

14.9
16.3
16.4
14.9

16.2
15.7
16.1
15,7
23.7

15,6
14.3

13,1
1%.7

17.2
20.13

Vn

0.95
1.07
0.93
0.78

0.84
0.46
0.72
0,83
0.6%

0.67
0. 64

1.01
1.03

0.51
0.63

rplanes: Horizontal Tail Volume

Elevator
Chord

root/tip
fr.cy

«43/.39
!41." l’
.37/.38
L41/.44

-41/.51
stabilator
0.38
LA40/ .41
357,44

0.40
0.39

.36/.31
0.37

.40/.50
397,46




HT e VT

cable 8.7a) Jet Transports: Horizontal Tail Volume and Elevator Data

-------'-----..----h.----II I T O O = - . -

TYP® Wwing Wing wi Bor., B_/8, x i Elevator

Arsa jc Arfoll Tall Chord

- Area
B c root/tip By root/tip
#e? £t fe? £t fr.c,

BOEING
Ti7-200 1,700 185.0 BAC 176 0,15 7.0 0.8 190,131
737-100 80 11.2 BAC i1 0.327 43,1 1.18 L30/.31
737=%00 1,117 19.9 BAC 330 .14 49,7 1.%3% L2147 ,.54
747-2008 5,300 33.0 BAC 1,470 0.24 104.5 0. T4 0.29
7415P 5,500 38.0 BAC 1,534 .21 72.9 0,54 .32/.10
157-200 1,%51 14.9 BAC L 3 0.213 56.9 1.13% «19/.38
T6T=200 3,030 19.8 BAC Bé 0.219% 7.8 .54 +30/.25
McDOMNELL-DODGLAS
pc-% g80 1,170 15.7 M. A. 514 0.34 6l.4 0. 9% 397,58
DC-¥-30 1,001 11. 8 H.A. 276 0.38 56.8 1.312 A1 [ 47
DC-10-30 3,938 4.7 H.A. 1,333 0.23 5.9 0.%0 «25/.30
AIRBOS
AJDO-B4 2,7%% 19,1 H.A\. T4 8 0.24 30,4 1.12 0.3%
Ad1O 1,357 19.3% H.A. 5y 0.24 7.0 1.09 55/7.%¢0
Lockhead L1011 geared slevator
=500 5,541 24.3 H.A. 1,183 .19 55.9 0.83 stabilator
Fokker F-238
=4 000 830 10, % H: K. 210 9.30 47.2 1.07 347,33
Rombac/British Aerospace
1-11 4%% 1,031 11.8% M. A. 25 0.27 40,7 0.86 A41/.38
British Aerospace
146-200 $31 10.1 N.A. 176 0.3% 43,3 1,48  .43/.44

Tu=-154 2.16% 16.8 H.A. 434 0.18 55.9 2.71 «27/.25



rable §.7b) Jet Transports: Vert. Tail Volume, Rudder.

Type Wing wWing Verk.
Area Span Tail
Arsa
8 b H'
ged £ fe?
BOEING
717-100 1,700 108 421
737-100 80 3.0 133
737-300 1.117 54,8 139
747-100B 5,500 194 Bo
T47=-8P 5,500 1%§ Bas
T57-300 1.931 1113 384
767=-200 3,030 134 457
McDOMNELL-DOOUGLAS
DC-% 580 1,170 108 1és
DC-9-30 1,001 95.4 1461
DC=10-30 3,938 143 05
AIRBOE
A300-Bd 2,782 147 4 BT
A3l 2.337 144 457
Lockheed L1011
=500 3.541 164 550
Fokker F-118
-4000 850 91,3 137
Rombac/British Aerospace
1=11 4%5 1,031 #3.3 117
British Aerospace
14§=-200 131 B&.4 114
Tu-1354 2,169 133 341

EIJET

.14
0,14
0.1
0.30
0.27
0.34
0,33

0.3%
0.41
0.18

0.30
0.%3

0.123
0.16%
.28

0,44
0.17

ft

47.4
40,7
45,1
101

6.3
§4.12
4.8

50,5
416.12
4.4

79. 3
8.5

SLi
37.9
1.4

18,9
43.13

HT e VT

Vy

ulll'
0.100
0.100
0.07%
0.057
0.086
0.0&7

0.062
0.07%
0,080

0.0%4
0,088

0.055%
0.08%
0.038

0,12
0.033

Rudder I.Il
Chord

root/tip
f:.c'

.19/.18
-15/.22
L16/.50
0.50
~31/.54
«35/.33
.38/, 36

0.034
0.024
0.011
u-l n‘u
0.040
0,017
n-l u"l

AN 48
EIRTL
0.3%

0.0310
0.038
0.047

.33/.36%
.33/.313

0,049
0.0217
.3%/.,126 0,051

.29/.31 0.034

.39/.317

0.1%
.17

0.030

0.046
0.036

Inb'd
All.
Epan
infout

fr.bl/1

YT
none
none
3RS 44
38/ .44
none
«31/.40

none
none
317,89

L18/.39
«33/.40

A0S, 49
none
none

none
none

Ailsron and Spoller Data

.

Inb*d
All.
Chord
in/out

fr.c,

AT/ 24
none
nons
LATF.23
«17/.25
none
.23/.,30

none
none
-20/.2%

L237.27
«23/7.27

«11/.213
none
none

none
none
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