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Abbreviations
Abbreviation Description
AC Advisory Circular
ACN Aircraft Classification Number
BWB Blended Wing Body
CEASIOM |Computerised Environment for Aircraft Synthesis and Integrated Optimisation
CFD Computational Fluid Dynamics
CG Center of Gravity
COMFAA |Computer program for ACN calculation, provided by the FAA

Cs Certification Specifications, from EASA
DOC Direct Operating Costs

EASA European Aviation Safety Agency
FAA Federal Aviation Administration
JAA Joint Aviation Authorities
JAR Joint Aviation Requirements, from JAA

MTOW Maximum Take-Off Weight

NACA National Advisory Committee for Aeronautics

PrADO Preliminary Aircraft Design and Optimization program

PreSTo Preliminary Sizing Tool
ULD Unit Load Device
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List of symbols

Symbol | Units Description

a,b m |Parameters for describing an ellipse

c, C m | Chord
c - Coefficient

C m | Circumference
d m | Distance or diameter
g m/s2 |Earth acceleration
h m | Altitude or height
k - Factor
I m | Length
L N |Lift

m kg |Mass

M - Mach number
n - Indicate the number of elements
p Pa |Pressure
R m |Range
S m | Distance
S m2 | Surface
t m | Thickness
t s |Time

t/c - Relative thickness

\% m/s |Velocity

w m | Width

X,y - |Axis used in 2D charts
X m {Daiiftance from a reference point parallel to the cabin floor in the direction of the
y m | Distance from the plane of symmetry of the aircraft in the direction of the span
z m |Distance from a reference point situated in the (x,y) plane in upward direction
a ° |Angle of attack or angle used in ellipse descrip tion
p kg/m3 | Air density
A - Indicates a difference (used as a prefix)
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List of indices

Indices for aircraft components

()aisle Aisle
()cabin Cabin
Occ Cargo compartment
Odoorstep | DOOT Step
O Fuselage
Otioor Floor
Ogaliey Galley
Owo Lower Deck
Onose Fuselage nose
(Jos Overhead stowage
Otai Tail plane
Ow Wing

Other indices

@) Medium value
(0o Sea level
Oarmrest Armrest
Oarmrestwan | Refers to a distance from the armrest to the wall
Obackrest | S€at backrest
Obaggage | Baggage
(Obottom Bottom
(cargo Cargo
Oce Central
()cushion Cushion
(cyiinger | Cylinder
O Glide
Oetlipse Ellipse
Oeqv Equivalent
(eye Refers to passenger eye
Oneadwan | Refers to a distance from passenger head to the wall
O Inner or used as index
Ok Used as index
Olst sear | Last seat
Orat Lateral
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Oett Left
Omax  |Maximum
Omd Minimal drag
Omidshouider | Passenger “midshoulder” [NASA]
0o Outer
Ooe  |Operating empty
Opax Passenger, pax
Ore Payload
Orai Seat rail
Orectangle | Rectangle
Oret Reference
()right Rig ht
Oows  |ROWS
Osa Seats abreast
(seat  |Seat
(Oseatrail Seat rail
Oshouder | Passenger shoulder
Oshouder-wan | REfErs to a distance from passenger shoulder to the wall
(Oside seat rail | REfers to a side seat rail
Osubmerged | Submerged
Otop Top
Otot Total
Owater Water
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Definitions

Aft pressure bulkhead: Component of all large commercial aircraft. It is an airtight bulkhead located
between the cabin and the fin. Its purpose is to seal the rear of the plane and thus maintain cabin
pressure, and as such it is a vital part of the aircraft.

Airliner: _ Large fixed wing aircraft for transporting passengers and.

Binary search algorithm: _ Algorithm for locating the position of an item in a sorted.

Buoyancy: Upward acting force, caused by fluid pressure, that opposes an object's weight. If the object
is either less dense than the liquid or is shaped appropriately (as in a boat), the force can keep the object
afloat.

1 Introduction

1.1 Description of PreSTo

The Preliminary Sizing Iaol (PreSTo) is an Excel spreadsheets tool based on Prof. Dieter Scholz aircraft
design lecture [Scholz 1999]. This project from the university HAW Hamburg aims to allow users to
quickly design an aircraft and optimize it, starting from the basic requirements such as the number of
passengers or the flight range, and then designing its big parts (fuselage, wing, tail and landing gear)
until the calculation of masses and direct operating costs (see Fig. 1.1). The connection between PreSTo
and other software (PrADO and CEASIOM) enable further analysis such as CFD, flight dynamics, etc.
Since PreSTo needs more than 10 modules, for design or analysis, it is a gathering of different student
works. Therefore the task was not only to develop new abilities but also to integrate them and make
them work together.
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1.2 Features

In order to complete its task of designing an aircraft, PreSTo offers the following features, among others.

General

PreSTo is able to design airliners and executive jets as well as general or regional turboprop. Parts of
the airplane which can be designed with the tool are: cabin, wings and high lift systems, tail plane and
landing gear. Analyses are available for mass calculation, center of gravity position and travel during the
flight and calculation of direct operating costs.

Included database

Since 8 basic requirements are needed for the design, help is provided to the user with data of existing
aircrafts. This data from 75 jets and 26 turboprops describes several parameters such as masses,
speeds, geometry, aerodynamics, fuel consumption, etc. Statistics are also available for more than 100
jet engines concerning their dimensions and performances. For both airplanes and jet engines the user
can display a (x,y) chart with the data he wants on both axis, allowing him to make a connection between
two parameters.

Connection to other software
A connection with the design tools CEASIOM and PrADO is enabled which provides a 3D drawing of the
aircraft and CFD analysis.

PreSTo-Cabin
The cabin and fuselage module from PreSTo is also available as a stand alone program. The module
which is also a module from the much larger PreSTo has these features:

Cabin design

Cabin can be designed with 3 classes. Floor plan drawing is displayed to the user. Elements such as
seats, lavatories, galleys, overhead bins, exits/emergency exits and seat rails are included. PreSTo and
PreSTo-Cabin offer an automatic optimization of fuselage cross section depending on various
parameters such as passenger dimensions. Uses of classical “1 inch” seat rail or new concept of “1
centimeter” seat rail are both available. A list of 16 standard ULD containers is given with their
dimensions. Check of uniform spacing of exits according to the Advisory Circular AC25.807-1 and water
line checking are provided too.
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1.3 Limits

The “Fuselage” module is only compatible with cylindrical fuselages. Blended Wing Body (BWB) cannot
be designed in PreSTo-Cabin. Double deck cabins are not implemented either. the cabin must have one
or two aisles. Incomplete seating rows are forbidden.

PreSTo-Cabin is compatible with Microsoft Excel 2003 and its newer versions. It is incompatible with

Open Office.
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14 Layout

PreSTo-Cabin has a standard layout so all the modules look similar to the user. This standard layout
was defined by [Wolf 2009]. “Look and feel” is the philosophy of PreSTo-Cabin layout. This means that
the graphic template must appear clear and intuitive to the user.

In general, a module consists of three types of fields:
- Module title
- Sub-modaule title
- Calculation & Presentation

Each of them has a particular task. Both “Module title” and “Sub-module title” fields give the name of a
particular module or sub-module. All the elements and objects such as input cells, graphs, buttons and
drop-down lists are placed in the “Calculation & Presentation” fields. Fig. 1.2 shows the general layout in
PreSTo-Cabin.

Module title

Calculation & Presentation

Sub-module title

Calculation & Presentation

Fig. 1.2 General layout in PreSTo modules

Width of columns is also standardized so that the user does not need to scroll the sheet on the right or
left to see important information. Basically all the information has to be displayed on the screen with the
100% zoom.

Apart from titles the modules contain only “Calculation & Presentation” fields. All input cells and cells
filled in with previously given values are placed on the left side (Fig. 1.3). All calculations and results of
these calculations are on the right side. Input cells have a white background colour whereas other cells
whose content cannot be modified by the user keep the same colour as the normal background (grey
25%). Black arrows can also be added to show a direct relationship between an input cell and a result
cell. With this layout the calculation process seems clear to the user.

If statistical data is available, a “Stat” button is placed close from the input cell. A click on this button
opens another “Statistics” spreadsheet containing the desired data.
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Number of classes
Design range R [Nm] Schmitt : number of classes suggestion Metasses
MNumber of classes Nelasses m = Suggestion - = = = = == == == = == — = —— - ‘I
Number of seats. first class M | 12 <<€ Schmitt : number of FC seats suggestion Npax, FC [—]
Mumber of seats. economy class Npax, YC [—] <<<<< Schmitt : number of YC seats suggestion Npax, YC [—]
Seat rows
Recommandation - average seats abreast Nsa I:l[—]
Mumber of seats abreast, first class Nsa, FC [—] EEREE Mumber of seat rows, first class Nrows, FC [—]
Mumber of seats abreast, economy class Nga, v ljl[—] SRS Number of seat rows, economy class Nrows, YC [1
Check : number of seats Msgats [—] EE3EE | Number of seats is comrect W

Fig. 1.3 Design philosophy for layout

5 to 10% of results indicate a verification of a hypothesis or the compliance with regulations. In order to
catch the attention from the user, the display of this result has to be highlighted. A message giving the
compliance or no-compliance is written in a large cell on the centre of the screen. If the result is positive,
the background cell has to be green whereas it is red for a negative result. Fig. 1.4 shows how the
verifications are highlighted in PreSTo-Cabin.

Checks

MNumber of galleys in floor plan, first class Ngalleys FC +— Number of expected galleys Ngalleys FC
Mumber of galleys in floor plan, business class Ngalleys BC ljl +—— MNumber of expected galleys Negalleys BC I:l
MNumber of galleys in floor plan, economy class Ngaileys vC ljl +— Number of expected galleys Ngafleys YT
Mumber of lavataries in floar plan NMiavataries +«——» Number of expected lavatories NMiavataries

| Mumber of lavataries is correct |

Fig. 1.4 Display of check in PreSTo-Cabin

In order to make these verifications useful for the user, a comment is written on the cell, with
explanations on how to correct this error. Then when the user moves the cursor on the cell, this
comment appears and using this recommendation he can fix the error (Fig. 1.5).

Business class seats, right aisle “seats‘ngm‘BC[']

Business class seats, left aisle Nieats et BT 2|

Philippe Montarnal:

Check : Business class seats abreast NspEC 9[- EEEEES IF the number of seats abreast is not correct:
- Change the number of seats on the

left fmiddlejright to get the same value as the
one given in the "2, Configuration of classes"
or

- Change the number of seats abreasts in the
"2, Configuration of classes" far this dass

Example of invalid Explanation and advice to th
result user in order to fix the error
Fig. 1.5 Help provided to the user through comments

Nevertheless, attention must be paid that the input cells and calculation cells are displayed in an
appropriate order. For example a calculation cell cannot be the result of an input cell placed 30 lines
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deeper in the spreadsheet. Otherwise the calculation process appears unclear to the user. Errors will
also appear without the user being able to notice them because they happen much upper in the sheet.
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15 Description of the sheets

PreSTo-Cabin consists of a gathering of 4 spreadsheets. One of them is hidden because of its non-
interest for the basic user. In particular, PreSTo-Cabin consists of:

Title Page
The tab consists of logos, names, summary, copyright statement and link to the GNU licence
agreement.

Fuselage

The cabin is designed in this spreadsheet. Basically, important input parameters in this sheet are the
number of aisles and classes, dimensions of seats and passengers, choice of lower deck container.
Cabin cross section and floor plan are designed. Water line calculation is checked there, and results of
uniform distribution of exits are displayed.

Data Fuselage

This is the hidden sheet related to the “fuselage” sheet. It is divided in three main parts. The first part is
the definition of cross section dimension including the calculation of the coordinates of 10 important
points described further in this document. Second every line or curve that is on the cross section drawing
is calculated. Finally lines and curves for the cabin floor plan are calculated. This last part needs about
2000 rows in the spreadsheet: 22.000 cells are computed. All these lines are displayed in the “Fuselage”
spreadsheet through a basic (x, y) plot chart.

Analysis
This sheet offers to study up to five different versions of an aircraft. 250 values are saved here and can
be compared to support the user to take the best decision.
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1.6 Fuselage

1.6.1 Cabin cross section

Fuselage is the first designed part of the aircraft. In most conventional aircraft the payload is carried
here.
Payload consists in passengers, luggage and cargo. Passengers sit in the main deck. Small passenger
luggage is placed in overhead bins or under the seats. Bigger luggage and cargo are located in the lower
deck.

The cabin can be divided in 3 classes. Usually the sharing between these 3 classes is (Table 1-1):

Table 1-1 Percentage of seats of each class [Schmitt 88]

Economy class [%] Business class [%)] First class [%]
Short range 100 - -
R <3000 Nm
Middle range 90 - 92 - 8-10
3000NmM<R<5500Nm
Long range 7377 18 - 20 5-7
R=5500 Nm

Once the number of passengers in each class is known, the number of seats abreast has to be defined,
for each class. This number describes how many seats there are on a seats row.
This number is usually determined by the equation:

Ngy = 045Ny (1.1)

This number is limited by the FAR 25 regulation (see Fig. 1.6).

FAR 25.817 : [Maximum number of seats abreast.]

[On airplanes having only one passenger aisle, no more than 3 seats abreast may be
placed on each side of the aisle in any one row.]
Amdt. 25-15, 10/24/67

Fig. 1.6 Regulation for number of seats abreast

Therefore the number of aisles and the number of seats abreast are related. A single aisle aircraft
cannot have more than six seats abreast whereas a twin aisle is limited to twelve seats abreast.

The next step is to find the dimensions of the cabin. Since the fuselage is considered to be a cylinder, its
cross section has a great importance.

The fuselage cross section can be circular, double bubble, elliptic, etc. In PreSTo-Cabin the cross
section is considered as elliptic. The user has the ability to change its shape so it can make it higher or
wider.

Fig. 1.7 presents three ellipses with different shapes:
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A
b
b A b
A
a
a a
(b/a)<1 (b/a)=1 (b/a)>1
Fig. 1.7 Various shapes for the elliptic cabin cros s section

Several parameters are taken into account for the cross section dimensions: dimensions of the seats,
the passengers, the aisles and the lower deck are used. The user is asked to give each one of these
values (see 2.1.3 Cross section).

PreSTo delivers default values for the passenger dimensions, using the 95% American male from NASA
(see Fig. 1.8).

Fig. 1.8 Definition of anthropometric dimensions fo r American Male [NASA]

In PreSTo-Cabin, only the economy class is used to calculate the cross section dimensions. First and
business class are placed after in the cabin, using the aisle width as a variable. Indeed the economy
class has always more seats abreast than business and first classes, and even if the economy class
seats are smaller the limitations occur almost always on economy class. Verification is made though,
that the resulting widths of business and first class aisles are bigger than the one in economy class.
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These values from the user lead to the calculation of ten points that must be inside the cabin: they

describe aisles, seats, passenger and cargo. The cross section is then designed around these ten points
(see Fig. 1.9).

X3
0 Xo X9 X78X1 Xg
D e & St S

koo E I R AREINYE
| | ) dressuan

VZI ”””””””””””””””” Woeushion T N
<+——> ; ‘ H

Yo R I e PR isle '”1‘””””””‘1 ””” - N
hl ! | i i

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Aycushi v
Narmrest, bottom |
A

hIolwerdeck

Wiowerdec

Fig. 1.9 Definition of generic cross section of an aircraft as used in PreSTo-Cabin

The cross section is considered as elliptic. Equations referring to the Fig. 1.9 are given in the appendix.
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Each point used for these measures can be on a different ellipse. Since all these points have to be inside
the fuselage, the biggest of the ten resulting ellipses will describe the inner fuselage.

For each point, the parameters that describe its associated ellipse (2 andb) are calculated. Since the

user chooses a shape for the ellipse (the ratio between height and width, sob/a), both these
parameters are related. Therefore only @is needed to describe the dimensions of each ellipse:
2

a =[x +(b7—ia)2 (1.2)
The biggest value of the ten various @ will give the value for @ain describing the inner fuselage.
Bz = MAX@) (1.3)
Then the value of Peinis calculated through the given ratio (b/ a);

Beabin = Bcain [ﬂb/a) (1.4)

Once the dimensions of the ellipse are known, the cabin height and width are calculated. The inner
dimensions are:

— 15

hf,i - 2bcabin (1.5

Wi i = 28, (1.6)
The thickness of the fuselage is estimated by [Marckwardt 1998] through the equation:

t, = 0084+ O!.')45Eif’i (1.7)

As the fuselage is considered elliptic in PreSTo-Cabin, the equivalent diameter of the inner fuselage is
defined as:

di; =4/he; OV (1.8)
Then the external dimensions of the fuselage are:
he,=h; +2 (1.9
Wi o = Wi i + 2tf (2.10)
The floor thickness is estimated by [Schmitt 1988] to:
thoor = 0035L0dl; (1.11)
with d; o =4/h; o O, (1.12)

The calculation of cross section is an iterative process: the floor thickness is calculated at the end, while
it is an input value too. This can be seen on Fig. 1.10:
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14
E. 0,5
(7]
0
(O]
% 0 * * * | —e—Start with tf= 1m
% ) 1 5 3 4 —=— Start with tf= -1m
o
o
L -0,51
-1
-1,5-

Iterations [ -]

Fig. 1.10 Evolution of floor thickness value throug h four iterations

Fig. 1.11 shows how calculations are performed to find the cabin cross section dimensions.

Seats Height/width
Seat abreast YC ratio
dimension
PAX Lower deck Number Aisles
dimension dimensions of aisles dimension

Choice of a
container

Cross section
dimensions
Cabin height Cabin width
Fig. 1.11 Calculation of cabin cross section dimens  ions
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1.6.2 Seat rail configuration

After the definition of the cross section, it is possible to set the seat rails in the aircraft. For each side of
the aisles (right and left for a single aisle; right, middle and left for a wide body) the number of rails has to
be given. Then the position of the seat rails has to be set.

In order to set the seat rails on one side of the aisle, it is possible to define the distance between the first
seat and the first seat rail, and then the distance between two consecutive seat rails.

Fig. 1.12 shows how to do this on a single aisle.

1 | A | I | e | !

drail, left . wg drail, left g . ma drail, right B drail, right -
i > g i < 1
i i - i - i+
AYraiI, left AYraiI, right
Fig. 1.12 Positioning of seat rails on a single ais  le

If the aircraft is a wide body, there are seats on the middle of the cabin (between both aisles). With the
assumption that the cabin is symmetric there is no need to give the distance between the first seat and
the first seat rail: the only variable here is the distance between 2 consecutives seat rails.

Considering that the seat rails configuration can be symmetric on each side of an aisle, one variable
disappears. Only the distance between the seats extremity and seat rails extremity remains and the
distance between two consecutive seat rails is constrained (see Fig. 1.13):

YV | A VO | N

dseat, seat rail

N
—>||<—

dseat, seat rail dseat, seat rail

dseat, seat rail

Fig. 1.13 Positioning of seat rails on a single ais  le (using symmetry)

It is also possible to use side seat rails. In this case the seat rails on the extremity are located on the
fuselage. The user gives the height of the rail and its lateral position is calculated to set the rail on the
fuselage. Both configurations presented before remain available using a side seat rail. The only
difference is that the rails on the sides are positioned on the fuselage. Fig. 1.14 shows how the side seat
rails are positioned in the cabin.
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i I hside seatrail

Fig. 1.14 Positioning of side seat rails

1.6.3 Cabin floor plan

Once the cross section is known the cabin floor plan must be set. The cabin floor plan will give the cabin
length.

From the upper view, the cabin can be considered as three classes containing rows of seats, galleys and
lavatories plus the cross aisles needed for the exits. The classes are set in the following order along the
cabin: first class then business class then economy class.

Seats
The number of seats as well as the number of seats abreast has already been defined before for each
class. The number of rows in a class is:

n
Nous = round[ﬂJ (1.13)
nSA

Note: since only entire rows are available in PreSTo-Cabin, Npax must be a multiple of Nsa in each class.

The pitch between two seat rows is given by the user, in inches or centimeters. Therefore this allows
comparing an aircraft using a “1 inch seat rail” with an aircraft using a “1 cm seat rail”.

Lavatories
The number of lavatories per passenger depends on the flight length and on the class. Table 1-2
displays statistics concerning the number of lavatories per passengers:

Table 1-2 Number of lavatories [Schmitt 1988]
Economy class Business class First class
Short range 1/60 pax - -
R <3000 Nm
Middle range 1/45 pax - 1/14 pax
3000NmM<R<5500Nm
Long range 1/45 pax 1/25 pax 1/14 pax
R=5500 Nm
The area used by lavatories on the floor is: usually 1.03M?[Raymer 89] or 1,20M?Marckwardt 1998].
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Galleys

The surface needed for the galleys is estimated by [Marckwardt 1998] through the equation:

S +1m2

galley = kgalley ﬁ E (1.14)

Table 1-3 gives typical values for kyaey depending on the flight destination:

Table 1-3 Values for kK gaiey, by Marckwardt 98
Flight from Germany to: kga”ey[mz]
Germany and neighborhood 16
Europe 23
North Atlantic, Middle East 32
South Atlantic, Far East, South Africa 41

Since PreSTo-Cabin is not only aimed to German users, this table must be updated, using the flight
range as a parameter (Table 1-4):

Table 1-4 Values for K gqiey in PreSTo-Cabin

Flight range [Nm] kgauey[mZ]
<700 Nm 16
700 to 1500 Nm 23
1500 to 4000 Nm 32
>4000 Nm 41

Exits

Exits must be included in the cabin floor plan. FAR 25 regulations define several types of exits with their
minimal dimensions (Table 1-5):

Table 1-5 Types of exits as defined in FAR 25.807

Exit type Minimal width Minimal height Maximum Number of
step-up inside | passengers
the airplane allowed through

exit

Type | 24" 48" - 110

Type |l 20" 44" 10" if wing exit 75

Type lll 20" 36" 20" 55

Type IV 19” 26" 29" 45

Type A 42" 72" - 40

Type B 32" 72" - 35

Type C 30" 48" - 9

Cross aisles
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Cross aisles provide an access to the exits. The minimal width of these cross aisles is given in FAR 25
regulations (Fig. 1.15):

(1) [The escape route from each Type A or Type B passenger emergency exit, or
any common escape route from two Type III passenger emergency exits, must
be at least 42 inches wide : that from any other passenger emergency exit must
be at least 24 inches wide; and]

Fig. 1.15 FAR 25.810 Regulation regarding cross ais  les width

Cabin length

Once each element of the cabin (seat, galley, lavatory, exit and cross aisle) has been placed in the cabin
floor plan, the cabin length is measured as the distance between the first and the last element (see Fig.
1.19).

Nose and tail lengths

Nose and tail lengths can be approximated thanks statistics. [Schmitt 1988] wrote that the ratio between
nose length and fuselage outer diameter is usually around 17 (Fig. 1.16 and Fig. 1.17) and between tail
length and fuselage outer diameter around 3° (Fig. 1.18).

&-1 D
ﬁ_{
— - — I H
Siles Ny |
[—-Bug ’l |
LHECR ]
Leug/Der =~ 1,7 Dest = JHD
LHeck/DeH‘ ~ 3,5
Lkape/Der = 1,9
Fig. 1.16 Nose length and tail length [Schmitt 1988 |
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Fig. 1.17 Nose length of existing airliners [Schmit  t 1988]
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Fig. 1.18 Tail length of existing airliners [Schmit ~ t 1988]
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Since a part of the cabin can be in the nose or in the tail, two values are asked to the user in PreSTo-
Cabin, defining which cabin length is in tail 2% and in nose XX .

Fuselage length

Length of the fuselage is calculated with cabin, tail and nose length (see Fig. 1.19):

l fuselage = Icabin + (Inose _Axnose) + (ltail _Axtajl)

A
\ 4

‘——1r——‘—
3
8
v
[9_-

Fig. 1.19 Calculation of the fuselage length
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Fig. 1.20 describes the process for the calculation of cabin and fuselage length:
Rows Seats Monuments Seat pitch
configuration dimension dimensions

A 4
Cabin floor plan

A 4

/ Nose length / Cabin length / Tail length /

A 4
Fuselage length

Fig. 1.20 Calculation of cabin and fuselage length

1.6.4 Verification of cargo compartment volume

Once the cabin cross section and cabin length are known, it is possible to check if the cargo volume of
the airplane is big enough to carry the luggage from passengers and the cargo. The method used in
PreSTo-Cabin is described by [Nita 2010].

The volume of the cargo compartment must be enough to accommodate the cargo plus the baggage that
can not fit in the cabin:

VCC 2 Vcargo + (\/baggage _VOS) (115)

Where:

Vee  Volume of the cargo compartment
Vcargo Volume of cargo

Vbaggage Volume of baggage

V,

os  Volume of overhead stowage

The volume of the cargo compartment is:
Vee = lussiage Ko BBee (1.16)

Where:
lec Proportion of the fuselage length used for cargo, ranging from 0,35 to 0,55
S Cross section of the cargo compartment

The cross section of the cargo compartment is calculated from the dimensions given previously (see Fig.
1.9), considering that the lower deck has a 45°ang le on its lower part.:

2
W, - W,
Scc — WLD,top mLD _( LD top LD,bottomj (117)

2
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The other volumes are calculated:

Viaggage = Mbaggage / Poaggage (1.18)
Veargo = Meargo / Peargo (1.19)
Vos = Sosar tos (1.20)
Sostot = Nosyat Bosyar * Nos,ce Bos ce (1.21)
los = Kos Heapin (1.22)
Where:

Mg Mass of baggage

Meargo Mass of cargo, from the requirements (see 2.1.1 Input data from previous design phases)
Ps Density of baggage, typical value: 170kg/m®

Peargo Density of cargo, typical value: 160kg/m®

SOS,tot Total cross section of the overhead stowages, calculated as a sum of the cross sections

of lateral stowages Sosat and central stowages Sos ce

Nos jat Number of lateral rows of overhead stowages, typical value: 2

Nos ce Number of central rows of overhead stowages: Mosce = Maiges ~1

los Total length of the overhead stowages (lateral and central)

Kos Proportion of the cabin length occupied by the overhead stowages, typical values: 0,723

for a single aisle aircraft and 0,751 for a twin aisle aircraft

In PreSTo-Cabin, the inequality (2.61) is checked to make sure that the cargo compartment volume is
big enough.

1.6.5 Compliance with FAA regulations
Water line

The waterline must be known to make sure that the emergency exits are above it, according to the CS-
25.808 regulation.

PreSTo-Cabin checks that the waterline is below the doorstep and gives the maximum allowed mass. If
the maximum take of weight is higher than this maximum allowed weight, exits are considered as too
low. The buoyancy of the aircraft must be calculated depending on the mass of the aircraft and on the
height of the waterline.

Only the fuselage is taken into account for the calculation: nose and tail are used as well as the
“cylindrical” part, but not the wings.

As written before, the cross section of the fuselage is elliptic. The waterline can be above or below the
symmetry axis of the ellipse.
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Waterline below the axis of symmetry:
If the waterline is below the axis of symmetry, the area below the waterline can be considered as shown
on Fig. 1.21:

- -
a
Asubmerged A) Aectangle
Fig. 1.21 Description of fuselage submerged area ( a<0)
The green area A, is detailed on Fig. 1.22:
2
B X
A =|[ by /1= = dx
A a
B A(ao)
Fig. 1.22 Area A ; used for waterline

The result of the integral is:
Vs .
A= ab(z +a-sina cosaj

And the area A?ectangle is:
Accange = —2[@b[Sina cosa
Then:

Asubmerged = A\) - Aectangle

Aubmerged = ab(g+ a —sinacosaj + 2[@Ab[S$ina cosa

A prerged = ab(g +a+ sinacosa]

So if the waterline is below the ellipse axis of symmetry, the submerged area of the fuselage is:
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— 7T H
A prerged = D E+a+smacosa (1.23)

Waterline above the axis of symmetry:
If the waterline is above the ellipse axis of symmetry, the area below the waterline can be considered as

shown on Fig. 1.23:
| \U

A‘submerged '%Ilipse Aﬁlbmerged = Asubmerged (_a)

Fig. 1.23 Description of the fuselage submerged are  a (a>0)

Here,
Aallipse = mb

A_ubmarged (-a)= ab(l—z-[ -a- sinacosaj
Asbmerged = TBD = ab(l—z-[— a —sinacosaj

A prerged = 78D+ ab(—]—ZT+ a+sinacosaj

A prerged = ab(]—2T+a+sinacosaj (1.24)

Conclusion:

Whether the waterline is above or below the axis of symmetry of the ellipse, the submerged area is
always:

A jormerged = ab(g +a+ sinacosaj (1.25)

Since the aim is to know the maximum allowed weight of the airplane leading to doorstep at the waterline
height, a is:

a= arcsineldwT’“ep) (1.26)

or
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a = arcsi = OZqoo
/2 (1.27)

The maximum allowed weight of the aircraft is:

max r‘nrnax (1.28)
And the buoyancy of the fuselage is:
B= pwater submerged [g (1.29)
B= Puater A‘submerged IcyIinder (g (1.30)
With the length of the cylinder:
Icylinder = Icabin - AXnost-:‘ - AX[ail (1.31)
The maximum allowed weight is equal to the buoyancy:
Wmax = B
Then

rnmax = Iowater [Asubmerged Hcylinder
rnmax = Iowater mb(l_zT ta+t Sinacosaj |:qlcabin - AXnose - AXtail )

rnm (Cyl i nder) i + arcsi AZroor + - AZroor [¢os arcsi - AZﬂoor
) ho/2 ) (/2 o2
' ' (1.32)

h Omv o]
X Poater Gf’é‘rifyx(lcabin_Axnose_Axtail)

The nose and the tail have also a buoyancy. They can both be considered as cones. Their respective
buoyancies will be estimated as the third of the buoyancy of a straight cylinder which would have the
same length.

My (nose)zip Ao Woo | 7T, oresing 220 || =820 | o d aresiq 22 |||
ax 3 vater 4 2 hf10/2 hf,o/z hf,o/z nose (1.33)

(ta“)‘ip E—lw Tt arcsi "o |, | =Bt [Cos arcsi ~ Do _D](
rnmax 3 water 4 2 hf’0/2 hf’0/2 hf'O/Z ail (134)

Then the maximum take of mass has to be smaller than the maximum allowed mass:
Myro S M (Cylinder) +m, ., (nose) + m,, (tail) (1.35)

Uniform distribution of exits

FAR25.807 imposes a uniform distribution of exits in the cabin (see Fig. 1.24):
(e) Uniformity. Exits must be distributed as uniformly as practical, taking into account
passenger seat distribution.
Fig. 1.24 Regulations about the uniform distributio n of exits
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Since this article does not clearly define this distribution the FAA wrote the Advisory Circular AC25.807-1
in 1990. This circular introduces a method in order to reach the compliance with uniform distribution of
exits. Additional information is available about this in 2.3.3 Uniform distribution of exits.
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2 Use of PreSTo-Cabin to design an aircraft: fuselage

2.1 Description of the main sheet
After the preliminary sizing of the aircraft is done, the next thing to be designed is the cabin and
fuselage. This is done with the module PreSTo-Cabin.

2.1.1 Input data from previous design phases

Open the main spreadsheet. The number of passengers must be given, it is written at the top of

the sheet (Fig. 2.1). Other input data required are “cargo mass”, “maximum take-off weight”, “design

range”.

Cabin and fuselage
Reference number of passengers Npay [ Design Range R [m]
Cargo mass Meargo [kg] Max. take-off mass Muto 73000|[kg]

Fig. 2.1 Input data sub-module

2.1.2 Configuration of classes

Open the “configuration of classes” sub-module (Fig. 2.2).

Give the number of classes. You can choose one class (only economy), two (economy and first class) or
three (economy, business and first). PreSTo-Cabin suggests a value for this number of classes,
depending on the design range: short range aircrafts have usually one or two classes whereas long
range airplanes have three classes.

Set the number of seats in each class. PreSTo-Cabin offers a suggestion for this repartition of seats
within the three classes.

Write the number of seats abreast in each class. There is a recommendation but only for the average
seats abreast in the aircraft. For each class give a value between one and twelve. The number of
needed seat rows is then calculated for each class.

Pay attention that PreSTo-Cabin can only work with complete seat rows. If the values you gave lead to
incomplete rows, a message “Wrong number of seats!” will appear with a red background color. In this
case adjust the number of seats abreast or the number of seats in each class in order to get only
complete rows.

Decide the number of aisles in the airplane. If one class of the airplane has more than six seats abreast,
the regulations impose at least two aisles. Otherwise both one and two aisles configurations are
available.

Table 2-1 presents the values that apply to the redesign of an Airbus A320.
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Selection of class
number

Selection of seats repartition

Number of classes
Design range Ix[Nm] Schmitt : number of classes suggestion Mgjasses
Nurnber of classes Neizsses ,W C—m———————— Suggestion - = == = = === == === ———— = ‘I
Mumber of seats, first class M pe | 12| << Schmitt - number of FC seats suggestion Mare | 120
Number of seats, economy class Nz, VG [—] <<<<e Schmitt : number of YC seats suggestion oy, i [—]
Seat rows
Recommandation : average seats abreast Nsp l:h-]
Mumber of seats abreast, first class Ny, FC [-] FEEEx Mumber of seats rows, first class Nraws, FC [-]
Number of seats abreast, economy class l:l[—] >233> Number of seats rows, economy class Nrows, ¥© EE[—]
Check : number of seats [-] 55555 MNumber of seats is corect 1
f

Aisles /
Murnber of aisles / Niigles ’1—;| [-] << JAR 25 : Mumber of aisles / Naigles ::l[-]

Configuration o/ Selectior/of Check that all the/

seats abreast for

number of

rows are complete

Calculation of rows

each class aisles number for each class
Fig. 2.2 Configuration of classes
Table 2-1 Input values for the redesign of an Airbu s A320 (Configuration of classes)
Parameter Value
Number of classes 2
Number of seats FC:12 YC :138
Number of seats abreast FC:4 YC: 6
Number of aisles 1

If the check concerning the number of seats is correct (green cell displaying: “Number of seats is
correct”), you can go to the next step.
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2.1.3 Cross section

The cabin cross section is a decisive step in the fuselage design. Several parameters must be set here
in order to calculate and draw the cross section.

Seat dimensions, economy class

Several dimensions regarding the seat are asked here. You can give them either in meters or in inches.
If you do not know which values to use, you can leave the ones already written. Fig. 2.3 describes the
seat dimensions as used in PreSTo-Cabin. Fig. 2.4 presents the seat dimensions section in PreSTo-
Cabin.

Table 2-2 presents the values that apply to the redesign of an Airbus A320.

Front view Side view
(Armrest not drawn)
Weushion
A 1
hback est E
Warmrest h tt i
> armrest,top !
& H
#Tcushion ]
+t—>
Aycushion Iseat
v
harmrest, bottom
Fig. 2.3 Definition of seat dimensions
Seat dimensions, economy class
Cushion width Woushion, ¥ linch] >35> Weushion, ¥ [m]
Cushian height position Ayeushion >>3>> Ayeushion [m]
Cushion thickness Toushion 353> Toushion [m]
Armrest width Warmrest, YT [inch] EEEE Warmrest, YT [m]
Armrest height position, top Narmrest top [inch] 222> Narmrest gop [m]
Armrest height position, bottom Narmrest bottom EEEEES Narmrest bottom [m]
Backrest height Poackrest 55555 Poackrest [m]
Seat length Lear. v linch] >555> E— [m]
Input values in inches or /
meters Values in meters
Fig. 2.4 Seat dimensions, economy class
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Table 2-2 Input values for the redesign of an Airbu s A320 (Seat dimensions, eco)
Parameter Value

Cushion width 18 in

Cushion height position 0,42 m

Cushion thickness 0,14 m

Armrest width 2in

Armrest height position, top 221in

Armrest height position, bottom 7in

Backrest height 0,59 m

Seat length 251in

Seats dimensions, first class

If the cabin has a first class, you must configure the seat dimensions for this class (Fig. 2.5). Parameters
asked here are the cushion and armrest width as well as the seat length. The other dimensions of the
seat are considered to be the same as for the economy seat.

Table 2-3 presents the values that apply to the redesign of an Airbus A320.

Seat dimensions, First class
Cushian width Woshion. FG 26 00] [inch] (RN WoustionFe | 0.6B|m]
Armrest width Warmrest FC ] Wamrempe | 0,08][m]
Seat langth | I [inch] P lemee | 071]m]
Input values in inches or/' /
meters Values in meters
Fig. 2.5 Seat dimensions, first class
Table 2-3 Input values for the redesign of an Airbu s A320 (Seat dimensions, first class)
Parameter Value
Cushion width 26 in
Armrest width 3in
Seat length 28 in

Seats dimensions, business class

This section is the same as the previous one but applies to the business class seats.
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Passenger dimensions

This section makes use of anthropometric measures of the passengers. “95% American Male” is set as a
reference. You can give your own values or select the default values by clicking on the grey button
“Default values (95% American Male)”on the right. Fig. 2.6 describes the passenger dimensions as used
in PreSTo-Cabin. Fig. 2.7 presents the passenger dimensions section in PreSTo-Cabin.

Table 2- displays the values that apply to the redesign of an Airbus A320.

Wshoulder

........... L. =\«

dhead—wall

dshoulder»wall

Fig. 2.6 Definition of passenger dimensions
Passenger dimensions
Midshaulder height, sitting Aymidshoulder [m]
Shoulder breadth Wahoulder [m]
Eye height, sitting Ayeye [m] Diefault values (25% American Male)
Head to wall clearance thh [m]
Shoulder to wall clearance / (1 [m]

Input values in meters

!/

Button for default values

Fig. 2.7 Passenger dimensions configuration

Table 2-4 Default values for passenger dimensions
Parameter Value
Midshoulder height, sitting 0,70 m
Shoulder breadth 0,53 m
Eye height, sitting 0,869 m
Head to wall clearance 0,06 m
Shoulder to wall clearance 0,04 m
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Aisle dimensions (economy class)

Choose the values for the height and the width of the economy class aisle. You can give them in inches

or in meters (Fig. 2.8). Table 2-5 presents the values that apply to the redesign of an Airbus A320.

Input for aisle width

AN

Aisle dimensior
Aisle width

Check : Chosen

Aisle height

ns (Economy Class)

Waisle 20,00] [inch]

aisle width Waicle

[ 05w >

Minirnurn aisle width

Aisle width is correct

haizie 79,00| [inch] >>>>>

-

wase [ 08(im]
]
hise [ 20i]iml

/"

Input for aisle height

Verification of aisle width

Fig. 2.8 Configuration of aisle dimensions
Table 2-5 Input values for the redesign of an Airbu s A320 (Aisles dimensions)
Parameter Value
Aisle width 20in
Aisle height 79 in
Lower deck

The dimensions of the lower deck depend on the container it contains. Select a container among a list of
the sixteen ones provided in PreSTo-Cabin (Fig. 2.9). Four of the sixteen containers are half sized: in
this case you can place two of these containers side by side in the lower deck. Dimensions of containers
provided in PreSTo-Cabin are displayed in Table 2-6.

If you do not wish to set a lower deck in your aircraft, select “None”.

Lower deck

Choose a container type LD
Double container
Lower deck width, bottom Wid bottom [m]
Lower deck width, top Wid top [m]
Lowser deck height Iy [m]
4

Selection of container
tvne

Fig. 2.9

Selectlon of a
double half sized
container

Dimensions of lower
deck to contain the
selected container

Configuration of lower deck

For the redesign of an Airbus A320, select a LD3-45W container.
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Table 2-6 Dimensions of typical containers
Container Base width Overall Depth Height Half sized
width
LD1 1,56 m 2,34 m 1,53 m 1,63 m YES
LD11 3,18 m 3,18 m 1,53 m 1,63 m NO
LD2 1,20 m 1,56 m 1,53 m 1,63 m YES
LD26 3,18 m 4,06 m 2,24m 1,63 m NO
LD29 3,18 m 472 m 2,24 m 1,63 m NO
LD3 1,56 m 2,01 m 1,53 m 1,63 m YES
LD3-45 1,56 m 2,01m 1,53 m 1,14 m YES
LD3-45 1,56 m 1,56 m 1,53 m 1,14 m NO
(Rectangular)
LD3-45W 1,43 m 2,43 m 1,42 m 1,09 m NO
LD39 3,18 m 4,72 m 2,44 m 1,63 m NO
LD4 2,44 m 2,44 m 1,53 m 1,63 m NO
LD6 3,18 m 4,06 m 1,53 m 1,63 m NO
LD7 3,18 m 4,06 m 2,24 m 1,63 m NO
LD7 3,18 m 3,18 m 2,24 m 1,63 m NO
(Rectangular)
LD8 2,44 m 3,18 m 1,53 m 1,63 m NO
LD9 3,18 m 3,18 m 2,24 m 1,63 m NO

Cross section dimensions

Dimensions of items giving the cross section (seats, passengers, aisle and lower deck) are now known.
This section will define the cross section height and width of the inner and outer fuselage (see Fig. 2.10).
The main parameter is the cabin height to width ratio (see 1.6.1Cabin cross section).
Besides you can choose an automatic optimization or set two parameters manually: the floor lowering
from horizontal fuselage symmetry and the floor thickness.
If you want to optimize these both parameters, there is no point to choose the manual mode: the
automatic mode gives immediately an optimal result.
The inner and outer width and height of the fuselage are calculated and displayed, as well as the
fuselage and floor thicknesses.
All the points needed to calculate the cross section are displayed in red on the graph. These points are
linked through a red line. A seat with a seated passenger is also drawn as well as the container in the

lower deck. Fig. 2.11 presents a detailed view of the cabin cross section.

Table 2- shows the values that apply to the redesign of an Airbus A320.
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Fig.

2.10

Button for automatic

optimization

Configuration of cross section dimensions

Selection

cabin

height to width ratio

¥ Automatic optimization

Cross section dimensions

Display of cabin cross

section
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important points used
for cabin cross section

SpitzenCluster 15.11.2010 P. Montarnal

Container in lower deck Passenger on his seat
Fig. 2.11 Detailed view of the cabin cross section
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Table 2-7 Input values for the redesign of an Airbu s A320 (Cross section dimensions)
Parameter Value
Cabin height to width ratio 1,00

Cross section layout

The fuselage cross section has been defined. Set the number of seats on each side of the aisle(s). Fig.
2.12 shows the configuration of cross section layout.

Please note that because of the regulations you cannot set more than three seats on the right and left
and not more than six on the middle.

For each class there is a cell for a check. This must be green otherwise you cannot continue with the
design of the cabin. If it is red, the number of the seats abreast you gave in "2. Configuration of classes"
does not match the sum of seats on each side of the aisles. Then you have two possibilities: change the
number of seats on each side or change the number of seats abreast at the beginning. This second
option has to be avoided because it would have huge consequences leading to a redesign of a cabin or
even a redesign in the preliminary sizing.

The last element, a dropdown list, is used to choose which class you wish to display on the cross section
drawing.

Table 2-8 presents the values that apply to the redesign of an Airbus A320.

Number of seats on
each side of the
aisle, for each class \

Cross section layout

First class seats, right aisle nsgats,ngm&l[']

First class seats, left aisle Neects et FC [-]

Check : First class seats abreast Nga Fo [—] EEEEES Mumber of seats ahreast is correct

Economy class seats, right aisle nsem‘ngmyc[-]

Economy class seats, left aisle Nzeats | oft, 7T [']

Check : Economy class seats abreast Ngave Ijl[—] EEEEES Mumber of seats abreast is correct |
Display First clags - T

Verification of number of

Class to display on the seats abreast for each class
cross section

Fig. 2.12 Configuration of cross section layout
Table 2-8 Input values for the redesign of an Airb  us A320 (Cross section layout)
Parameter Value
First class seats 2-2
Economy class seats 3-3
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Seat rails

Configure the seat rails that are used in the cabin (see Fig. 2.13). You can make use of “normal” or side
seat rails. The automatic positioning is another available option that helps you to decrease the number of

variables.

Select the number of seat rails on each side. Set the height of side seat rail if necessary, and then the
distance between the external seat rails and the side of the seats. In this version, the automatic

positioning is unmodfiable, so the rails are always placed automatically.

Automatic configuration
of seat rails

Choice of side seat rails

Seat rails \

[ sze side seat rails

v Autormatic positioning
Mumber of seat rails, right aisle Nrails right [—]
Murber of seat rails, left aisle Nyl s, =t [—]

Side seatrail height

Distance between two seat rails, left aisle
Distance from aisle to first seat rail, right

Distance from aisle to first seat rail, left

hgide zeatrail

Distance between seat extremity and first seat rai drgjjs seat r=il [m]

Distance between two seat rails, right aisle hrail= it

ails | eft
JI!'l:'i"raiIs,rig;,n'rt

Ayrails et

[

[ 127m)
[ 1.27[im]
[ 033]m)
[ 035m]

Configuration of seat rails
depending on selected

options

Fig. 2.13

Configuration of seat rails
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Check of aisle width

The aisle width of first class and business class is compared to the width in economy class (Fig. 2.14).
First and business class aisles have to be wider than economy class. If not, a message is displayed in
order to inform about this issue. In that case, the solution is to increase the business and/or first class
aisle width by decreasing their seat and armrest widths.

Aisle width for

business and first Check that these aisles are wider

class \ than the economy class aisle \
Check: aisle width \
Aisle width, first class Waisle FC [rm] =555 | First class aisle widths bigger than economy class '|
Aisle width, business class Wiile B0 [m] EEEEES | Business class aisle width is bigger than economy class 1
Fig. 2.14 Check of aisles width

Display of cabin cross section

Once all the previously parameters have been given, PreSTo-Cabin offers a view of the cabin cross
section for the class you specified previously (Fig. 2.15).

All the items which dimensions have been given previously are drawn here: fuselage, seats, floor, lower
deck, seat rails. Moreover the overhead bins are displayed here, but only to provide a more realistic view
of the cabin cross section: their dimensions have not been specified.
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Fuselage

Overhead bins

Container in lower Seats of the Seat rail
deck selected class
Fig. 2.15 Display of the cabin cross section
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2.1.4 Cabin floor plan

The following items must be configured in order to draw the cabin floor plan.

Lavatories

Specify the number of lavatories for each class and their dimensions. Recommendations on the right

help you to choose the appropriate values (see Fig. 2.16)
Table 2-8 presents the values that apply to the redesign of an Airbus A320.

Number of lavatories

for each class \
Lavatories
Murmber of lavatories, first class Njaystaries, FC 1 <<€ Schmitt : number of FC lavatories suggestion
Murnber of lavatories, business class Nauataries BC Ijl[-] <<<<< Schmitt : number of BC lavatories suggestion
MNurnber of lavatories, econormy class Wayatories ¥ [—] <<<<s Schmitt © number of YC lavatories suggestion
Lavatary length Disvatary [m]
Lavatory width My]y [m]
Lavatories dlmensmns/ Recommendation fOI'/
the number of lavatories
Fig. 2.16 Configuration of lavatories
Table 2-8 Input values for the redesign of an Airb  us A320 (Lavatories)
Parameter Value
Number of lavatories 1FC/2YC
Lavatory length 1,00 m
Lavatory width 1,40 m

Galleys

Give the number of galleys and their dimensions for each class (Fig. 2.17). The overall galley surface
has to be between 10% less and 10% more than the recommendation.
Table 2-9 presents the values that apply to the redesign of an Airbus A320.
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Number of galleys and Calculation of galleys
dimensions for each class surface for each class \
First class galleys
Galley length Laalley.Fo &l[ml
Galley width Woatieprc | 14]Im] Surface of ane galley Saieyrc | 14][m?]
Murnber of galleys ngaeyee | 1|1 Surface of FC galleys Sgilesec | 14|im7

Business class galleys
Galley length
Galley width

Murnber of galleys

lgalley.8c [m]
westeyoe [ 2(m) Surface of ane galley Spigeo [ 2w
Ngalley,BC l:l[-] Surface of BC galleys Sqalleys.BC l:l[mz]

Economy class galleys
Galley length
Galley width

Murnber of galleys

aresie [ 1£]im)

woere [ 23]im] Surface of one galley Semtaye I}
Ngalley.ve ['] Surface of VG galleys Saalleys vo ]

Check : galleys surface

Overall galleys surface

Salleys [m’] = Marckwardt : Galleys surface recommendation Sgalleys [m’]

| Galley surface is correct ‘|
Check of overall galley surface /
Fig. 2.17 Configuration of galleys

Table 2-9 Input values for the redesign of an Airb  us A320 (Galleys)
Parameter Value
First class galleys length 1,00 m
First class galleys width 1,40 m
Number of first class galleys 1
Economy class galleys length 1,50 m
Economy class galleys width 2,30 m
Number of economy class galleys 1
Seat pitch

Give the seat pitch for each class, in inches or in centimeters (Fig. 2.18).

Seat pitch for each class specified Seat pitch converted in
in inches or centimeters

meters for each class

~.

Seat pitch
Seat pitch, first class pitchee [ 3] [inch] \ [ o8m
Seat pitch, business class pitchge [inch] [ ostm
Seat pitch, economy class pitchyc [inch] [ oslm
Fig. 2.18 Configuration of seat pitch
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Table 2-0 presents the values that apply to the redesign of an Airbus A320.

Table 2-10 Input values for the redesign of an Air  bus A320 (Seat pitch)
Parameter Value

First class pitch 36 in

Economy class pitch 321in

Rows configuration

For each row in the aircraft you can set monuments (galley or lavatory). If you do not place any
monument, the row will be a seating row but if you place a monument there will be no seats on this row.
You can also set the exits on the fuselage. Cabin attendant seats can be set in the cabin too.

Please note that the number of rows is limited to 65 because of Excel limitations: it needs 300
calculations for each row so this cannot be unlimited. This means that you cannot design an aircraft with
more than 65 rows containing seats or monuments. This limitation fits to any actual aircraft: for example
the A340-600 needs 55 rows.

Input values for the redesign of an Airbus A320: configure as shown on Fig. 2.19.
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Row number Configuration of 3:Spslay of the
monuments \ \
Rows configuration \ \
M numents \

Eﬁe\ztive roty Left Center Right\Class Exit EEEE
X Lavwatory i x MNone Palley FC¥ Mone | 41
1 Mone i Mane i Plome 1Tupe | RO
2 Mone i Mone ' Maore 1| Mone | B
3 Maone : Mone : hlone 1| Mone | 1O
4 Mone | Mone | Mone 3 Mone | 1O
i Mone i Maone i Mone 3 Mene | BO
G Mone | Mone | Mane 3| Mone | PO
7 Mone i Mane i Plome 3| Mane | B0
a Mone i Mone i Mane 3| Mone | RO
9 Maone ! Mone ! hlone 3| Mone | 1O
10 Mone ! Mone ! Mone 3 Mone | 1O
11 Mone ! Mone ! Mone 3 Mone | 1O
12 Mone ! Mone ! Mlone 3| Mane | pO
13 Mone I Mane I Mone 3| Bane | B0
14 Mone I Mone | none 3| Mone | RO
15 Mane ! Mone ! Plome 3| Mone | RO
16 Mone : Mone i hlone 3| Type | 1
17 Mone ' Mane ' Maone 3| Mone | 1O
18 Mone : Maone i Mone 3 Type | RO
19 Mare | Mone | Mone 3| Mone | PO
20 Rane I Rare | Mane 3| Mane | B
21 Mone | Mone | hone 3| Mone | RO
22 harie | Maone | Mane 3| Mane | R
23 Mone i Mone i Mone 3 Mone | 1O
24 Mone | Mone | Mone 3| Mane | BO
25 Mone | Mane | Mone 3| Bane | RO
26 Rane I Mare I Mo 3| Mone | B

Lawatory | Mone ILavatory Mane
Mone ! Galley ¥'C ! Mone Tupe | MO
Mone | Mone | hong /V Mone | 01
Mone ! ! eone | [P

Cabin floor plan

Fig. 2.19

Exit positioning

Attendant seats

Configuration of rows

The cabin floor plan is drawn taking into account every choice/dimension given before.
You can hide the seat rails by clicking on the button “Show seat rails”.
Clicking on “Update display properties” button will update the colors and the zoom of the cabin floor plan.
Fig. 2.20 presents the cabin floor plan of an A320 displayed in PreSTo-Cabin.
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2.1.5 Results

Fuselage length

Define the ratio between nose/tail length and fuselage diameter. Give the nose and tail offsets (which
describe the length of cabin included in the tail or in the nose). The cabin length has been calculated
from the cabin floor plan. Then the fuselage length is defined (see Fig. 2.21).
Table 2-11 presents the values that apply to the redesign of an Airbus A320.

Nose and tail
configuration \

Nose and
tail lengths
N\

Fuselage length

Nose length to diameter ratio | —
MNose offset Axrose
Tail length to diameter ratio hain /e

Tail offset Aot

Cabin langth leatin

@i

>223> Mose length

333> Tail length

-

Fuselage length

.[m]

wselsge | 36.04][m]

L 4mim

Cabin length calculation

/

Fuselage length calculatir{

Fig. 2.21 Calculation of fuselage length
Table 2-11 Input values for the redesign of an Air  bus A320 (Fuselage length)
Parameter Value
Nose length to diameter ratio 1,70
Nose offset 1,00 m
Tail length to diameter ratio 1,00
Tail offset 1,00 m

Verification of monuments

The number of monuments in the cabin floor plan (chosen in “rows configuration”) is compared to the
number of monuments specified previously. If these numbers do not match, a message with red
background colour is displayed to inform of this issue. If these numbers do match, a message with green
background colour informs that it is correct. Fig. 2.22 presents this verification in PreSTo-Cabin.
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Number of galleys Check that the Number of galleys in
in each class on number of galleys each class as
the floor plan\ is correct \ specified prewusly
Verification of monuments
Mumber of galleys in floor plan, first class Ngalleys FC «————— mber of expected galleys Ngalleys FC l
Mumber of galleys in floor plan, business class Ngalleys BT I:l +——» MNumNer of expected galleys Ngalleys.BC l:l
Murnber of galleys in floor plan, economy class Ngalleys vC +———  Nurnber\gf expected galleys Negalleys VC
‘ Mumber of galleys is correct 1
Murnber of lavatories in floor plan NMjayatories «—» MNumber of expected lavatories NMjayatories
./ Mumber of lavatories is correct ]
/ /
Number of / Check that the Number of lavatories /
lavatories on number of lavatories in each class as
the floor plan is correct o )
specified previously
Fig. 2.22 Verification of monuments

Verification of cargo compartment volume

The volume needed to accommodate the cargo and the baggage that does not fit in the cabin must be
compared with the available volume in the cargo compartment. The available volume must be larger
than the needed volume for cargo.

Give the dimensions of the cargo compartment and of the overhead stowage, as well as the average
mass for passenger baggage.

PreSTo-Cabin suggests a value for the cargo compartment cross section (see equation (2.63)),
Statistical values from [Nita 2010] are provided for the overhead stowages cross section, for the
proportion of fuselage length used for cargo and for the proportion of cabin length occupied by overhead
stowages.

At the end of the section, if the available volume is larger than the needed volume, a message with
green background is displayed. Otherwise a message with red background informs that the cargo
compartments volume is too small. In this case, you have to update the lower deck dimensions or use
bigger overhead stowage.
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Dimensions of cargo
compartments

Dimensions of
overhead stowage

Calculation of baggage
and cargo volume

Cargo mass

Cargo compartment volume

Crogs section of the cargo compartment

Proportion of fuselage length used for cargo

Cross section of a lateral overhead stowage

Average mass of passenger baggage

Verification of cargo compartment volume un Nita)
S [ 2l <eese

kee [ 04

Sosiat 0,201 |[m]
Mumber of [ateral rows of ovethead stowages Nps st [-]
Cross section of the central overhead stowage Sosee 0,241 [m2] seges Suggestion for Sose. [MNita]

Mumber of central rows of overhead stowages Nps e Ij“-] << Suggestion for nps e [Mita]

Suggestion for See (from cabin cross section)

Cargo compartrment volume

Suggestion for Sosa [MNita]

Suggestion for nps = [Mita]

Total cross section of the overhead stowageg

Proportion of cabin length occupied by overhead stowages Kos [-] << Suggestion for kps [Nita]

“olume of overhead stowage

Mbaggage 13,50 |[ka) <<<<< Suggestion far Mpaggage

Total mass of passenger baggage

Yolure of baggage

me [ 000kl >5>>>  Yolume of cargo

Vee 38,51 [mg] - Needed volume for cargo compartment

Carga campartment wolume is sufficient

[rr]

Vee 38511

Sos 0,201 [

phowe [ 2
Sosee [ 028
osee [ (O]
S ot [mi]
kos [ a7

Vos (']

Mbaggage L]
Mbaggage tatal 2040,00|[kg]
Ve 12.00[r®]

ve [ oo

VeC nedded ]

Verification of cargo compartments volume/

Waterline

Fig. 2.23

Verification of cargo compartments volume

In this section PreSTo-Cabin checks that the door steps are above the waterline (see Fig. 2.24).
The maximum allowed mass avoiding the water ditching is compared to the maximum take off mass. If
the first mass is bigger, there is no risk for water ditching. Otherwise you need to redesign the fuselage
so the door steps are always above the waterline.
You can include the nose and the tail sections or ignore them for this calculation.
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Include nose and tail for Maximum mass for water
the calculation ditching, for each part of

\ the fuselage \

Waterline
¥ Include nose Maximal mass for water ditching (nose) [kg]
' Include tail Maximal mass for water ditching (tail) [kg]
Maximal mass for water ditching (fuselage) [kg]
Maximal mass for water ditching (total) [ka] > Maximum take-off mass [kg]
‘ / Door steps above the water line W
/
Maximum allowed / _ /
mass for water Message to the Maximum  takeoff
ditching user for  water mass of the aircraft
ditching check
Fig. 2.24 Calculation of waterline

Exit distribution

The objective of this section is to check the compliance with the regulations concerning the uniform
distribution of exits. This verification is done with a macro: click on the button “Exit distribution analysis”
to run it.

The following error messages can appear on the screen:

- If there is no exit in the airplane, a message informs you about it. Go to the configuration and
add at least one exit in the airplane.

- If there are too many seats in a zone (between two consecutive doors) you must move one of
the exits so that the zone contains a fewer number of seats.

- The same message concerning consecutive zones can also appear

- When there are more seats in the airplane than allowed for the number and type of exit, you
must add an extra exit or increase the dimensions of an existing one.

- If the exit location is too far from the location it should be (more than 15% of the cabin length)
you have to move this exit in the rows configuration section: set this exit a few rows before or
after the actual position.

- There’s a maximum exit doors spacing of 60 ft (around 18.3 m). A message will prompt if the
exits don’'t meet this requirement.

- On the contrary, two exits cannot be too close the one from the other. In this case, move the
exit and check that the new configuration complies with the regulations.

In the case you get an error message, look at the tables that display the results. They will help you
solving the issues. Errors are highlighted in red.

If no error message appears on the screen, then the aircraft complies with the regulations. In this case
you can have a look on the three areas that display the results (Fig. 2.25).

The first area indicates if the number of allowed passengers in cabin is above the actual number of
passengers. The second area is about the different zones. The third area gives the nominal and actual
positions of emergency exits as well as the offset and the number of allowed passengers to go through
the exit.
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Button to launch the
analysis

Check that the number
of exits is big enough

Exit distribution analysis

Passenger zones

Uniform distribution of exits

Fig. 2.25 Compliance with “uniform distribution of exits”
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2.2 Description of “data_fuselage” sheet

The spreadsheet “data fuselage” is essential for the fuselage design. The dimensions for the fuselage
cross section are calculated in this sheet as well as the coordinates of all the points needed to draw the
cabin cross section and the cabin floor plan. Moreover the cabin length is determined in this sheet as
well as the exit positions.

Because of the importance of this sheet for the design it is necessary to explain how it works.

2.2.1 Cabin cross section dimensions

The first purpose of this sheet is to get the ten dimensions of cabin cross section (Fig. 2.26). As written in
1.6.1 “Cabin cross section”, the coordinates of 10 important points have to be calculated, as well as the
parameters of the ellipse going through this point. Eventually the ten ellipses are compared and the
biggest one is selected so each point will fit in it.

Needed parameters are taken from the “Fuselage” sheet. Results are “a ellipse” and “b ellipse”.

Results Cabin height-to-
width ratio
y position of left seat 14732
M width seatiground) 0,05
aellipse : 1,90425116 sworedquive | 1894705979
b ellipse : 1.589

050165 1536780 154 153134534 161503486
14732 1004660 100 178839734 177100836
15172 0818660 0,82 1581635566 179819211
17732 0649660 0,65 1,89542155 187646733
175 0088980 0,09 175490312 173735409
77526 -0,292020 0,29 177724696 175947547
15518  -0465820 047 171842032 170143412
126532 -0607608 061 140637674 139231297
126539 -1196888 1,20 20087 1,73259603

072  -1,747358 1,75 /50425116 1885208685

\ll—"DDBDDDDDD

Calculation of ellipse going

Coordinates of the 10 through each point The biggest ellipse
various points is highlighted
Fig. 2.26 Calculation of cabin cross section dimens  ions

2.2.2 Drawing of cabin cross section

The second purpose of “Data_fuselage” sheet is to get the coordinates of the points to draw the cabin
cross section. There are two drawings of the cabin cross section. The first one is only about displaying
the fuselage, the lower deck and one passenger with his seat, as well as the points that were needed
previously to find the cabin dimensions. The second gives a more detailed view with all the seats,
overhead bins and seat rails.
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Cross section for fuselage dimensions

The cross section of fuselage is basically the combination of two ellipses: one for the inner and the other
for the outer fuselage. The drawing of an ellipse (as for a circle) consists in calculating the x and y
coordinates for different angles going from 0 to 360° (see Fig. 2.27). As written in the appendix, the
equations used to draw an ellipse are:

x = acogd) (2.36)
y =bsin(6) (2.37)

Therefore ellipses of inner and outer fuselage are drawn using the respective a and b parameters from
inner and outer fuselage.

Mi(a cos 6, b sin 8)

Fig. 2.27 Points used to draw an ellipse
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Dimensions of lower deck have already been described in 1.6.1 “Cabin cross

section” with the three

points needed to draw one side of the lower deck. These points are the second, the third and the fourth
on Fig. 2.28. Apart from first and eighth point, other points are symmetric to these three points:

7: up left 1, 8: up center 2: upright
6: middle 3: middle
left right
5: bottom e &  4:bottom
left right
Fig. 2.28 Points used to draw the lower deck

Drawing of the container has the same shape as the lower deck drawing but dimensions differ.

The passenger is drawn in the easiest way: four points for the legs, four points for the arms and two for
the body; the head is considered as elliptic and therefore calculated as shown previously for the fuselage
(Fig. 2.27). Connections are made between points A to D (legs), E to H (arms) and | and J (body) as
displayed on Fig. 2.29:

G F
H | E
C B
D A
Fig. 2.29 Description of used points for passenger drawing
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The drawing of the seat needs six points for the seat itself and four more points for the armrest. Points A
to D describe the seat as well as | and J; points E to H are used for the armrest (Fig. 2.30).

c B
o—©¢
H G
E F
J
D
A
Fig. 2.30 Drawing of the seat

At the end the drawing of the floor, separation of main and lower decks, consists in two parallel lines
(Fig. 2.31).

,/:\ (:\\
’I ’I \\\ \\
a [RY
a [
1! [
! [
1 ll vy
'l h \| ||
! " [
Up, left | ! | Up, right
Down, left Down, right
Fig. 2.31 Drawing of the floor
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Fig. 2.32 shows the cells used in PreSTo-Cabin to calculate the coordinates of points displayed in the
Cross section.

Drawing of inner and Lower deck Passenger
outer fuselag and container
\ CROSS SECTION FOR FUSELXGE DIMENSIONS
AN
| Cirawing of fuseldge cross section |
Inner Fuselage Dutter Fuselage Lowel deck LD container 0423
0995 0995
o] 130426116 o[z n31612327 ) up.center a -0,61) a -0,66) 0267
01746229 18752212 022726305) Z000E4962  0,24946182) up,right 126639 -0E7) 121539 -0,66) 0,166
03430653] 17331076 0B4477333| 1308337706 063830542 middle.right 126633 1.4 121533 -1.25]
06225022 164912982 0942680422 1709341902 1,00623521 bottom,right] 071501 -1.75) 071801 -1.75) PAX
0EIHIT| 145874102 121170876 1556229139 1,29359105) bottom,left -0,71501 1,75 -0,71501 1,75
0AT2E646] 122402306 144416361 1306831338 15HE4H73) middle,left 126639 vl o -1,21633 -1.26) A 16347 -0,47|
10471976) 095212668 163262868 1015TSE463 17423606 up,left -1,26633 -0.61) -1,21533 -0,66) B 16247 -0,01}
12217305] 065129225 177151665 0694818342 18911036 up.center 1] -0.61) 1] -0.66} [ r 12617 -0.0)
13962634) 032066974 126656209| 0362762612 199189647 o 12617 -0,47|
15707963]  116E5E-16 199520865 124445E-16 201247042 Floor E r 17382 0.0
17463233) -03308637 186RGER03| -03627ER62 195189647 F 17382 0,63
19198622) 08512923 17TIGIEEG[ -0,69421834 12911026 up,right 1244169165 -0,47| G r 12082 0,69
2,0943961] 09621266 162263868 -10IGTEE4E  17428605) up,left REE -0.47) H 12082 0,08
2260928 224029 144415361 120882124 15464178 down,right 180263385 061 | r 14732 -0.0)
2443461 -1468741 12N7eRTE| 165622919 129369106 oo, e Ft -1,20262285 -0.E7] o 14732 0,73
26170929]  -16491299 094260432 S PEA4E 1,00623521)
27a26268] -17A94108 06447733 -180834TF1 OREE30642 ) 16867 0,35
29670597] -1G7EI2M 0I27IE05| -200064968 034946182 Seat 0,523590776| 15446471 0,92]
3146327) 18042612 2 74ZRE-I6| 20361233 28277E-16) 104713765 151445 0,47|
331266 -18TEIZIZ -03ETIEY -Z00084362 03494612 o 1701e -0,13) 157076327 14732 0,93
24906686] 7294108 0447793 190898771 062230 =] 170e 0,54 2094356102 142196 0,97
JE6519M] 16491299 -0.9426043) -17EA34HE [ " 12445 0.54 2617993878 14017529 0.92]
JATAT244| 145874 -Aa7ass| 165622914 [n] 12448 -0,13} RALA LR T 13307 0,35
40142573 S224029 14441626 130582134 GHEE o 1701e -0,13) 3EEG191429) 14017529 0,79
41287002] 09621266 16326336 -10I6TEE4E /17428605 E 1,70e -0,29) 4,182790206| 143138 0,74
436332 -06512922  -1TTISIET] -0.6943187 REEIIRE F 17526 -0.29) 4.71236998) 14732 073
45373661 -03306637  -LEBEGEEN -0362TEFAZ  -13213365) G 175267 0.09] B 236387766 151445 0,74
4712229]  BA4EE -1,8262026) 20124704 H 170e 0,09 £,759686622| 15446471 0,79
45863213 033066374 -1.80656E1) -1.3813365| | f 1e" -0.05) £.283185307) 1.5557 0.55]
B,0614542]  0,EE129226 AL TTIBIET] -1,291102E] J ﬁqs -0,05)
52259878] 095212558 16326386 -1,7428505)
5406207 122402306  -1,44415: 1306831338 - GHEHE]
GH2G0636] 1,45274102 S2iigheel 1556229189 12935491
67695066 164912982  -094€E0432] 1700341902 10062262
59241195] 178941076 -QA447TII] 1908997706 -0.EBE3054)
B.IN3E524) 1E7E321Y 0327363 200064368  -0.3494813)
E,2831262]  1,9042511 -2EME-B] 201512927 -9,42E-15)
£.4577192] 10753203 032736305 200064968 34946182
Floor Description of the seat
Fig. 2.32 Overview of the calculations for cross se  ction drawing
Department: Date: Prepared: Checked: Page:

SpitzenCluster 15.11.2010 P. Montarnal 61




Type: Preliminary Sizing

B1§l;ln0p GmbH PreSTo-Cabin Documentation Report NG

www.bishop-gmbh.com RBH300128 - Extract

Cross section for seating configuration display

The second cross section drawing presented on Fig. 2.15 is more complex than the first one (Fig. 2.11):
indeed up to twelve seats are drawn, as well as overhead bins, seat rails and seat legs (see Fig. 2.33).

Right seats \ Middle seats Left seats Overhead bins

g

Seat rails

Fig. 2.33 Overview of calculation for seating confi ~ guration display

Several parameters are imported from the “fuselage” sheet; they involve the class the user wants to
display (number of seats abreast, aisle and cushion widths...).

The seats are calculated as written previously. The difference here is that there are twelve seats (three
on the right, six on the middle and three others on the left). If less seats need to be displayed, for
example in the case of a 3-3 seats abreast, then these non drawn seats get coordinates with high values
(x=8888 and y=8888) so they will not appear on the cross section (see Fig. 2.34).

Since there are always more armrest than seats, the first seat of each side of the aisles will have two
armrests and the others only one.
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Selected configuration Useful measures for Index of the
\ this configuration / seat
di=play : Economg&ass
[ g 3 04§72 i 04572
1} UL 0,060
3 rparlofiraat 14732
| 1| Seat 1R | 2 Seat 2R g Zeat 3R
A 17015 1,13 A 11335] -0, 16623 A 0,6855]  -0,13623
; E 17015 054 E 11338 054072 E 05a55| 054072
Right seats C 12445 0,54 C 0,7368| 054072 C n2zsE| 054072
o 12445 0,43 o 07368 -018E29 o 02286 042623
A 17015 0,43 A 11a38| -0iss23 A 05ass|  -043623
E 12445 -0,24 E 0,7366| -023202 E nzea6| -023202
F 11335 -0,23 F 0,5858| -0,23202 F oarts| 023202
G a3’ opa G 05858 005838 G oarie| o0ssas
i H 12445 0,08 H 0.7368| 005838 H 02286 008835
Additional E 12446 -0,23 E I o.7366f -0,23202 E o2za6f -0,23202
armrest I 17015 0,05 I 11338| -005054 I 0658  -0,05054
J 12445 0,08 J 07365 005034 J o2ose| 005054
K 17015 -0.29
L 1126 -0.23
a 17526 0,03
M 17015 0,08
K 17015 -0.23
delty 3 1504 Non-drawn
1 Feat 1M 2| Feat M 5 Feat FM seat
. A aane  GGao,00 A a0 a0 A G0 a0
Middle seats | G565 GH65,00 E 5556 5556 E EEEE 555
C F ssse  ssssoo C 2555 #8353 C aaEs BEEg
o sEEE 835,00 o 2555 #8353 o aEE #8353
& GHGE__ AGEE00 & fiTitite fititite & fiTitite fititite
E B555 G550 E B850 B850 E B B850
F sEEs 835,00 F 2555 #8353 F aaEs #8353
G saea” 6885,00 G a883 aga3 G g aga3
H aaGE  AEE,00 H aaas aaas H aaag aaas
E E555_ G855,00 E A E sagal  soas
1 BEEE  GES5,00 1 ) R 1 ) R
J S555 855,00 J 5555 5555 J B35 5555
K sEEe  6eas,00
L ze5s b sgsg,00
7] s558 665500
I GHGE  GEEE00
K BEEE 835,00
et x -1.33504
1 Seat 1L
A -0,228E 0,13 A -0,726E[ -0,18623) A BT
Left seats E -0,2086 054 E -0,7266] 054072 E 2448 054072
o I -0.6a5a 0,54 o 41338 054072 o Atma| 05407z
o 0,685 0,13 o A1338| -0,1E623 o ATmiE|  -niE623
A 0 IO5E 0,13 A -07366] oizezs A Aoda4e] niEEzs
E “0,6E5G -0.23 E 11338] -0,.23202 E EXE B
F -0, 7366 -0,23 F ,2446| -023202 F 17526] 023202
G 07366 " 008 G A2446| 005538 G Asze| 008535
H -DEEEE 0,08 H 1938 005838 H Atme|  o0ssas
E -0GESE -0,23 E I -iia3s 0,23 E 7015 0,23
I -0,2256 0,05 I “0,T36E| -0,05054) I B BT
J 06855 0,05 J 1338] -0.05034 J A7oia]  -0.05034
K 02266 -0.23
L -0117E T 0,23
7] 01775 0,03
M -0,2286 0,03
K -0 ZEEE -0.23
Fig. 2.34 Calculation of seats coordinates in cabin cross section
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Overhead bins are considered as a curve connecting four or eight points, depending on the presence of
a central bin (Fig. 2.35). Both configurations are calculated. Then a selection is made to keep the one
which has to be displayed.

Overhead bins (no central bin):

Fig. 2.35 Description of overhead bins

A standard seat rail can be represented as shown on Fig. 2.36. The dimensions have been measured on
an Airbus A320 seat rail. Up to ten seat rails can be displayed.

N M
P K
0 L
A 5 9 @ I J
c H
D G
0
Fig. 2.36 Drawing of a seat rail

A leg is drawn over each seat rail and a transversal tube connects the legs (Fig. 2.37). This drawing
could be improved in further developments of PreSTo-Cabin.
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Fig. 2.37

N M

Drawing of a seat leg

Fig. 2.38 presents the calculation of overhead bins, seat rails and seat legs position in PreSTo.

Overhead

bins

without central bin \

Overhead bins with
central bin

\

Selection of overhead
bins to display

Lize cenkral habrack)

FaLsLH

cks with cemkr: rygks with central
A 157151 1,06 & 157151 1,06 A | ET1514 1,08
E 04572 108, E 04572 1,0 E 04572 1,08
(5 04572 F 1,54, c 0,4572 r 1,54 [ 0,4572 1,54
(n] -04572 1,54, G -0,4572 154 G -0,4572 1,54
E 04572 108, H -0,4572 1,0 H -0,4572 1,08
E 57151 1,08 I oos0s™ 108 I 157151 1,06
J 0,0505 154 J 157151 1,06
L|St Of o -0,4572 154 o -1.5T151 1,08
E -0,4572 1,0 E 157151 1,08
seat F ASTIEL 1,06 F ASTIEL 1,06,
rails
and
their delta o righ 0,3286
. delta x mid -0,1254 iz side rail | FALECH iz zide rail FALZCH
position delta g left__-0.5286 s position | 0.32E6 + pogition 15015 .
il 1 Seatrail n'i 2 Featrail n 2 Seat rall
calculation
A 02756 -0,45] A 15515 0,485
E 0,3276 0,45 E 1,600 0,45 /
G 0,3276 05| c -0,
o 0,303 05| O
E 05056 0,57 E
F 10,5556 -0,57} F
G 05556 -0,56| G
H 03EIE 056 H Seat leg
. | 0,32396 =0, 48] 1 above
Basic / mEmEs Dy ! seat rail
. . K 0,53T56 0,45 K
dlmenS|ons. wup 01 L 0,3556 0,43 L
of a seat rail  wdown 0,05 1 0,3586 047 M
wup2 0,02 i 03156 0,47 M
(from A320) — . 0,002 o 0atEE 045 o
tdown 0,004 p 0,2736 0,43 P b
\&pz 0,01 A 02756 0,43 A 4
0,05 it 03356 -046352 P 16115 -#332
keenker 0,002 e] 0,5286  -0,15623 (=] 16015 -0, 15623
i/ 05156 -0 46352 ] 15315 -0 46352
Transversal
tube
connecting
seat legs
mzrersal tube Mid ramzrersal tube Lef
A BEEE 0,3 A -0, 3286 0,53
Fig. 2.38 Calculation of various items coordinates for cross section display
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2.2.3 Drawing of cabin floor plan

Calculations for the cabin floor plans consist in displaying the seats or monuments present on a row, for
a list of 65 rows on the airplane. For this reason these calculations need about 2000 lines in the sheet.
Fig. 2.39 presents an overview of this section:

Dimensions for exits

Fuselage and exits

and monumentsz

Additional
items

\

Fig. 2.39

Overview of needed calculations for cabi

n floor plan

Dimensions for monuments and exits are copied from the “fuselage sheet”. For each monument, a
minimum pitch value is determined as the length of the monument plus 30 extra centimetres (Fig. 2.40).

Monument | Fitch Length width Exit width " Height " FPan

Galley EC 13 1 2 Mang 0 0 0

Galley & 13 1 14 Type & 10668 18238 1o

Galley ¥ 18 15 23 Type B 08128 18238 75

Lavatory 13 1 14 Type © 0762 12132 55

Lavatary(x2] 13 1 28 Type | 0,095 12192 45

Mane Typell 0508 11176 40
Type I 0,509 059144 5
Type Iv 04826 06604 a

Fig. 2.40 Monuments and exits dimensions
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For each row and according to the list of rows given in the “fuselage” sheet (see 2.1.4 Cabin floor plan)
the configuration of the row is imported: type of row (seat, monuments), class of seating row,
monuments, exits and attendant seats.

If the row is a seating row, the dimensions of seats are also copied (depending on the class). Otherwise,
if the row has monuments, then the dimensions of the monuments are copied.

Then the pitch of the row is defined as the maximum value of the pitches needed for the seats, for the
several monuments or for the exit.

The rear line of the current row (“delta x row”) is defined as the rear line of the previous row minus the
pitch of the current row (the x axis direction is the same as the flight direction).

Whether the row is a seating row or a row with monuments, position for seats (Fig. 2.41) and
monuments (Fig. 2.42) are calculated. Fig. 2.43 and Fig. 2.44 display these calculations in PreSTo-
Cabin. Then there is a selection to keep only the monuments or the seats.

G F C

delta —

X row L I'H E D A X Uu T QP MiLIHED L I H E D A
i
LEFT MIDDLE RIGHT
Fig. 2.41 Description of seat row drawing
4
—— by
|
C C : B
B i c B
|
delta —- : ! - -
X row D A D | A D A
i
LEFT MIDDLE RIGHT
Fig. 2.42 Description of a row containing monuments
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Row index Calculation Seating configuration
of row pitc
Row
configuratio
2 Pitch left monufgent 0 Delta x row -2\6754
1 Pitch center monument 0
1 Pitch right monument 1] Seat abreast left 2
Left monumen Pitch seat 0,9144 Seat abreast center 0
Center monument None Pitch exit 16754 Seat abreast right 2
Right monument None Pitch row 16754
2 FC [} EC 2 FC
Number
of seats A -2,6764 1,68 A 8888 8888,00 A -2,6764 0,28
to B -1,9652 1,68 B 8888,7112 8888,00 B -1,9652 0,28
o c 198527 1,02 c sses, 7112 8838734 c 198527 0,94
display D -2,5764 1,02 D g888 888731 D -2,6764 0,94
E 25764 0,94 E 8888 8887,34 E -2,6764 1,02
F -1,9652 0,94 F 8888 8887,34 F -1,9652 1,02
. f 198527 0,28 G 8888 8887,34 G -1,9652 -1,68
Drawmgo/ H -2,6764 0,28 H 8888 8887,34 H -2,6764 1,68
seats | 25764 0,28 | 8888 8887,34 | -2,6764 -1,68
] -2,6764 0,28 ] 8888 8887,34 ] -2,6764 -1,68
I 25768 " 0,28 I 8888 8887,34 I -2,6764 -1,68
L -2,6764 0,28 L 8888 8887,34 L -2,6764 1,68
A -2,6764 1,68 [ 8888 8887,34 A -2,6764 -0,28
N f 8888 8887,34
0 8888 8887,34
P / 8888 8887,34
[’} 8888 8887,34
R 8888 8887,34
s 8888 8887,34
8888 8887,34
L 2888 8387,34
v 8888 8887,34
w 8888 8887,34
X 8888 8887,34
A 8888 8888,00
Coordinates for
non-drawn seats
are = “8888”
Fig. 2.43 Calculation of seats position for the cab  in floor plan
; ; Monuments ;
Seats dimensions di A ; thi Exit type and
for this row Imensions , for  this dimensions for this row,
row
Seat cushion width 0,5604 Left monument length [} Exit type Type C
Seat length 0,7112 Left monument width 1] Exit width 0,762
Armrest width 0,0762 Center menument length [1] Attendant seat.  FALSCH
Center monument width 0
Aisle width 05538 Right menument length 0
Right monument width 1]
1] Right Monument Center Monument 1] Left Menument
A 2335 $888,0000 A 8888,00 A 8888 8888,00
B 8888 8888,00 B 8888 8888,00 B 8888 8888,00
c ssss” 888,00 c s8ss”  8888,00 c ssss” 888,00
D 8888 8888,00 D 8888 888,00 D o 8888 8888,00
A ssss  Rasas,00 A 8888 888,00 A __—T1 " amss 8888,00
Drawing of monuments
Fig. 2.44 Calculation of monuments position for cab in floor plan
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Depending on the row configuration (seats or monument), a selection is applied between the drawing of
seats and the drawing of monuments calculated previously (Fig. 2.45):

1 FC 1 FC 1 FC

A -2,6764 16764 A 8338 2338 A -2,6764 -0,2794
E -1,2652 16764 E B838,7112 8388 E -1,96852 -0,2794
C -1,9652 1,016 C BE8EE, 7112  BEEY 3396 C -1,96852 -0,9398
8} -2,6754 1015 8} 8888 88873396 8} -2,6754 -0,9398
E -2,5764 10,9398 E 8385  BEET 3396 E -2,67654 -1,018
F -1,2652 10,9398 F 8385  BEET 3396 F -1,96852 -1,018
L&} -1,9652 10,2794 L&} 8385  BEET 339 L&} -1,9652 -1,65764
H -2,6704 00,2793 H 8388 BEBY 339 H -2,6704 -1,6764
| -2,6764 0,2794 | 88838 BBET 3396 | -2,6764 -1,5764
] -2,5764 10,2794 ] 8385  BEET 339 ] -2,6764 -1,65764
[ -2,6764 0,2794 [ 8388  BEBY 339 [ -2,6764 -1,6764
MACA B5-21 -2,6764 0,2794 L 888358 BEET 3396 L -2,6764 -1,5764
A -2,6764 16764 M 8385  BEET 3396 A -2,6764 -0,2794

M 8385  BEET 3396

i 8388  BEBY 339

F 8388 BEBY 339

[s] 8385  BEET 3396

[ 8385  BEET 339

5 8388 BEBY 339%

T 888358 BEET 3396

0} 8385  BEET 339

v 8388  BEBY 339

W 88838 BBET 3396

X 5385  BEET 3396

A 8888 8388

Fig. 2.45 Selection of seats or monuments for cabin floor plan

For each row, the part of fuselage on both sides of the row is drawn. This section can include an exit or
not, as shown on Fig. 2.46:

—_.L.._. —_.L._
deftaxrow_  _ _  _ . _ . _ L > o A deftaxrow__ _ _ . _ . _ . _ __>y ...... A
(previous row) l C (previous row) l
: B . B.C
! !
! Egd, ! DE
deftaxrow_ . _. . _ b deftaxrow  _  _  _  _. . _ I ..
(current row) i r (current row) | r

Row with exit Row without exit

Fig. 2.46 Drawing of fuselage for cabin floor plan
Note: if there is an exit, this exit is centered on x direction.

Fig. 2.47 shows how this calculation is performed in PreSTo-Cabin.
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Calculation of free space in

order to center the exit/

free space length 0,2032

LFuselage, right

1|Fuselage, left

-1,89042512
-1,9042512

Right part of fuselage Left part of fuselag

Fig. 2.47 Calculation of fuselage parts for eachro  w of the cabin floor plan

Since Excel needs a complete list of points in order to draw a curve, each part of fuselage is gathered in
one unique big list (Fig. 2.48):

Right part of fuselage Left part of fuselage

Index to get the
coordinates

\ Fuselage Fuselage
| i Fuselage, right | | Fuselage, left |
1 V1 0 188322195 0 -1,833222
row 2 0 138322193 0 -1,883222
3 0 188399749 0 -1,3539975
4 0 188399749 0 -1,3539975
5 0 188322198 0 -1,883222
2" Low 37 -1 190425116 -1 -1.9042512
38 -1,1016 120425116 -11016  -1,9042512
39 -11016 203151293 -1,1016  -2,0315129
40 -1,3636  2,03151293 -1,3636  -2,0315129
41 -1 8636 190425116 -1 8636 -1 9042512
73 -2,6764 190425116 -2,5764  -19042512
3" row 74 -2, 775 190425116 -2,778  -1,9042512
75 -2,775 190425116 -2,778  -1,9042512
Fig. 2.48 Gathering of each part of fuselage for ca  bin for plan
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All the previous calculations have to be done for each row (apart from the gathering of points for the
fuselage drawing which is done only once).

All the void rows (from the last row containing a seat or a monument to the 65" row) have no pitch. Then
the “delta x row” of the 65" row (which is equal to the “delta x row” of all other void rows) is the aft
extremity of the cabin.

The last items to draw for the cabin floor plan are the outer fuselage (with tail) and the nose as well as
the cockpit and the seat rails.
The outer fuselage is basically composed of five lines describing the cylinder and the tail (Fig. 2.49):

CYLINDER TAIL
A B

Fig. 2.49 Description of outer fuselage includingt  ail

The nose is considered as elliptic. It is composed of two parts: an inner and an outer part (Fig. 2.50).

Nose
(Outer part)

Fig. 2.50 Description of nose

The cockpit is drawn with two seats facing a command panel (Fig. 2.51):

A B E
Command Seats
panel G F
|
D C J
Fig. 2.51 Description of cockpit
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On the cabin floor plan, seat rails are drawn as simple lines running through the complete length of the
cabin.
Fig. 2.52 shows the calculation of fuselage, tail and nose.

Outer fuselage and tail Inner part of nose Outer part of nose

Fuselage |NOSE | ‘ Fuselage | |NOSE ‘I Fuselage |

A -1,00 2,03 -1,00 2,03 0,00 1,88
B -26,06 2,03 -0,31 2,02 0,00 1,38
C -30,11 1,01 037 1,99 037 1,86
5] 30,11 1,01 1,06 1,94 1,06 181
E -26,0616 -2,03 1,74987614 1,36 1,749876137 1,74
F -1 -2,03 2,43734517 176 2437345171 1,54
G 312481421 153 3124514206 151
H 3,31228324 1,45 3,81228324 133
| 449975227 122 4 499752274 110
519 0,29 5187221309 0,76

5,87469034 0,00 5,75 0,00

5,18722131 -0,39 5187221309 -0,76

4,49975227 1,22 4 499752274 1,10

3,81228324 -145 3,81228324 -133

3,12481421 -1,63 3124314206 -151

2,43734517 176 2437345171 164

1,74987614 1,86 1,749876137 -1,74

1,06 -1,94 1,08 -1,81

037 -1,99 037 -1,86

-0,31 -2.02 0,00 1,88

-1,00 -2,03 0,00 -1,88

Fig. 2.52 Calculation of outer fuselage, tailand n  ose

Fig. 2.53 displays the calculation of seat rails, cockpit and aft pressure bulkhead.
Seat rails position Cockpit Aft pressure bulkhead Cockpit door

Cocfpit 0 Cockpit doo]
033 2 1,00 27} J
I 2706 0,33 1, 1,00 F) Y

1 A
1 B
2 000 150 c 160 -1.00
of ovos L0 D 200 L0
3 0,00 033 A 2,00 100
s 2708 033 E 030 100
4 0,00 -1,60 F 0,30 0,30
af  ov0s -160 G 160 0,30
5 000 833800 H 160 -0,30
s 2706  sssso0 ] 0,30 -0,30
5 000 833800 I 030 e
6 2706 sasso0 D 2,00 -L00)
7 000 8338,00 A 200 100
A -27oe 888,00
8 000 8388,00
s 2706 essson frant x pasition 2
9 000 833800 panel width 2
s[ 2706 ssssoo panel length 04

10 000 833800 seatlength 03

10 27,06 8338,00 seat widt 07

Basic dimensions for the cockpit

Fig. 2.53 Calculation of seat rails, cockpit and af  t pressure bulkhead
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2.3 Description of macros

2.3.1 Optimization of cross section

In order to optimize the cabin cross section, the inputs and the outputs have to be identified: what is the
aim and which values can be modified to reach this goal?

Two outputs can be taken into account: the equivalent diameter or the circumference of the ellipse. The
first is used to estimate the fuselage thickness and the length of nose and tail, the second influences the
the aircraft wetted area which induces drag.

Analyzing this both parameters will help to find an answer on which parameters need to be optimized.
Equivalent diameter of the ellipse

The equivalent diameter of an ellipse is:

dey =vValb (2.38)
b
e = " (2.39)

b
Therefore for a given(g , ey is minimum when @ is minimum.

Circumference of the ellipse
An approximation for the circumference of an ellipse is given by Ramanujan [Wikipedia 2010 ]:

C = nlda+b)- J(sa +b)a + 3)] (2.40)
A ferdf2)) aa+a(zntéa+sa(zm

co{i () {2
c:nmwa— s+z>tél+szﬂ

b
Then, for a given [gj C is minimum when @ is minimum.

Therefore whether the objective is to get the smallest equivalent diameter or the smallest circumference,
a must be minimal.

So the parameter to optimize will be the value of @. This will both optimize the circumference and the
equivalent diameter of the ellipse.
Now it is important to find which parameters can be modified in order to reach this best value. As written

before, there are 10 couples of (xy) equations. Most of the values can be considered as requirement
(ex: Naser Waige ...)
The only variables are AZ andtior . The first one is the distance between the floor and the axis of

symmetry of the ellipse. The second describes the floor thickness.
According to [Schmitt 1988], the floor thickness is related to the fuselage equivalent outer diameter:
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tfloor = 0D35|]:If,o (242)
The outer diameter itself is related to the inner equivalent diameter, as written by [Marckwardt 1998]:
d; , = 0048+ 1045(d (2.43)

As the inner fuselage is the ellipse that is being calculated, the inner equivalent diameter is an output.
Therefore the outer equivalent diameter and then the floor thickness are not real inputs.

As a conclusion the only variable that can be used to optimize the cabin cross section is AZo .
Fig. 2.54 shows the algorithm to calculate the a parameter.

AZfloor

Xo Yo Xg Yo

\ 4
afuselage= maX(ao ag)

Fig. 2.54 Calculation of the @ parameter depending on Az

A Binary search algorithm is used to find the best value for AZgeor as shown on Fig. 2.55:
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\ 4 \ 4
AZroor,O -—. Azoork = AZfiooro + -— AZfloor,20
K(DZfioor,20- DZfioor,0y120
v \ 4 v
Afuselage,0 - Afuselage,k - Afuselage,20
Select the Azjoor; and Azgoerj giving
the 2 smallest values for asseiage
|
v v
Min (Azfloor,i—l , AZfloor,j—l ) Max (Azfloor,i+l ; AZroor,j+1 )
Fig. 2.55 Loop used to find the optimal value for AZgo

The loop is executed 5 times. After this, the optimum value for AZpox is found (Fig. 2.56) and set in the
“Fuselage” spreadsheet.

3,4+ a_fuselage (m)
3,2 1 .
. 3 . « |terationl
« |teration2
* .
¢ 28 IteratfonS
. N Iteration4
. 26 . x Iteration5
* 24 !
2’25 ] 3
21 I
R&;.
T T 1,8 T T T 1
-1 -0,5 0 05 1 15 2
Delta_z_floor (m)
Fig. 2.56 Evolution of fuselage semi height through five iterations
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2.3.2 Saving of a scenario

Once an aircraft has been designed it is possible to save the parameters and the results and compare
them with other designs. By selecting different values for a parameter, it is possible to find an optimum.

In the spreadsheet “Analysis” a click on the button “Analysis” opens a User form (Fig. 2.57).

Analysis §|

Analysis ] Option ]

%‘ Scenaria 1

Name | Iterationd
Save | Clear
Fig. 2.57 User form for scenario analysis

The user can select the name of the scenario and save it. It is also possible to clear a scenario. In order
to save the values, the macro “SaveScenario” works this way: for each value to save, the macro reads
the name of the sheet containing the value and also its reference name. Then each value is read in the
spreadsheets and saved in a temporary array. Eventually when each value has been saved in the array,
the whole array is copied in the “Analysis” spreadsheet (Fig. 2.58).
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Button to open the User form

2y | R | S | L | E | 15 | ] | "‘/\/ L | Z |

1] _—
|2 | Py ‘ X axis FUSELAGE ‘m Number of sav
3| ) ¥ axis FUSELAGE_d_fo
=3
5 RESULTS Iteration0 |lterationl |lteration2 [lteration3 |lterationd
[} |>( -1{ 0,137113783| 0,138125825| 0,138192223( 0,138196579
| 7| |Y 4,044317405| 4,074369179| 4,07630801| 4,076435218| 4,076443564
8 | Values
|9 | Iteration0  Iterationl  Iteration2  Iteration3  Iterationd  isx axis isy axis
10 | 1 Fuselage2 FUSELAGE_n_pax 150 FALSCH FALSCH
| 11 | 2 Fuselage2 FUSELAGE_nclasses 2 FALSCH FALSCH
12 3 Fuselage2 FUSELAGE_n_pax_FC 12 FALSCH FALSCH
|13 4 Fuselage2 FUSELAGE_n_pax_BC 0 FALSCH FALSCH
i 5 Fuselage2 FUSELAGE n_pax_YC 133 FALSCH FALSCH
15| 6 Fuselage2 FUSELAGE n_SA_FC 4 FALSCH FALSCH
16 | 7 Fuselage2 FUSELAGE n_SA_BC 5 FALSCH FALSCH
17| 8 Fuselage2 FUSELAGE n_SA_YC (3 FALSCH FALSCH
| 18| 9 Fuselage2 FUSELAGE_n_rows_FC 3 FALSCH FALSCH
19| 10 Fuselage2 FUSELAGE_n_rows_B( 0 FALSCH FALSCH
| 20 | 11 Fuselage2 FUSELAGE_n_rows_YC 23 FALSCH FALSCH
| 21 | 12 Fuselage2 FUSELAGE_n_aisles 1 FALSCH FALSCH
| 22 | 13 Fuselage2 SEAT_w_cushion_¥C 0,4572 FALSCH FALSCH
| 23 | 14 Fuselage2 SEAT_Dy_cushion 0,41944 FALSCH FALSCH
| 24 | 15 Fuselage2 SEAT_t_cushien 0,13595 FALSCH FALSCH
| 25 | 16 Fuselage2 SEAT_w_armrest_¥C 0,0508 FALSCH FALSCH
| 26 | 17 Fuselage2 SEAT_h_armrest_top 0,5538 FALSCH FALSCH
| 27 | 18 Fuselage2 SEAT_h_armrest_bott 0,17904 FALSCH FALSCH
| 28 | 19 Fuselage2 SEAT_h_backrest 0,59106 FALSCH FALSCH
1 29 | 20 Fuselage2 SEAT_length_¥C 0,635 FALSCH FALSCH
| 30 | 21 Fuselage2 SEAT_w_cushion_FC 0,6604 FALSCH FALSCH
|31 22 Fuselage2 SEAT_w_armrest_FC 0,0762 FALSCH FALSCH
132 | 23 Fuselage2 SEAT_length_FC 0,7112 FALSCH FALSCH
133 | 24 Fuselage2 SEAT_w_cushien_BC 0,54 FALSCH FALSCH
| 34| 25 Fuselage2 SEAT_w_armrest_BC 0,05 FALSCH FALSCH
|35 | 26 Fuselage2 SEAT length_BC 0,7 FALSCH FALSCH
| 36 | 27 Fuselage2 PAX_Dy_midshoulder 0,7 FALSCH FALSCH
| 37 | 28 Fuselage2 PAX_w_shoulder 0,53 FALSCH FALSCH
| 38 | 29 F lage2 PAX_Dyfeye 0,869 FALSCH FALSCH
39 30 Fhiselage2  PAX dfhw 0.08 FALSCH FALSCH
Name of the sheet Reference name of Saved value
containing a value the value to save
Fig. 2.58 Values saved in “Analysis” spreadsheet

2.3.3 Uniform distribution of exits

Uniform distribution of exits is a part of the FAR25 Regulations. In order to check the compliance with
this, the Advisory Circular AC25.807-1 introduces a method. In PreSTo-Cabin a macro is present to
apply automatically this method.

First step of this “uniformDistributionOfEXxits” macro is to locate the first and the last seating rows, as well
as the position and the type of each exit. If there is no exit in the airplane, the macro stops with an error
message to the user requesting to add an exit.

The macro then looks for the x position of the start and end of the cabin.

According to the method written in the circular, the x positions of start and end of the cabin are
respectively the front of the first and last seat row. In several particular cases they can be the position of
first or last exit.

The macro searches if there are “Double Type III” exits. In this case the list of exits is updated, with the
mention of a “Double Type III” exit instead of two consecutive “Type IlI” exits. Position of this double exit
is set as the centreline between both exits.
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Next step is to calculate the individual zone passenger capacities. It is basically about counting how
many passengers are between two consecutive exits and how many passengers are allowed to be in
this zone. A list of zones is created to gather this information. If too many passengers are seating in one
zone, a message is displayed to the user to inform about the situation. Same work is done with
consecutive zones from nose to tail and tail to nose. The number of allowed passenger in the whole
airplane is then compared to the number of passenger allowed in the airplane. Each time a problem is
detected a message is displayed to inform the user (see 2.1.5 Results for more explanations).

Then the macro checks the exit distribution. Length of the cabin is calculated as the distance between
the beginning and the end of the cabin. “Exits units” are calculated for each zone. The sum of exits units
from each zone gives the total number of exits units in the airplane. The macro then determines the
nominal location of each exit and compares it to their real location. Absolute value of the offset has to be
less than 15% of the cabin length. Then distance between two consecutive exits is checked because
exits cannot be too close one the one from the other and there is also a limitation on maximum door
spacing, meeting the requirements of CS25.807 (7).

Eventually the results are written in the “Fuselage” spreadsheet so the user can see each one of the
results concerning the passenger zones and the exits locations. Any issue is highlighted.
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Appendix

Description of an ellipse

The equation of an ellipse as shown on Fig A.1 is:

2 2
or

x = acod4d)
{y=bsin(9)

V¥

-b

Fig. A. 1 Description of an ellipse

The equations of the ten points shown in Fig. 1.9 are:
{ X = % Niige Maige
Yo = Niige = AZj
{xl = Xos_sen
Y1 = B + AYqgion = DBZjoor + 0126+ dyng—pa
Xy = Uy + 0084+ Xast seat
{ Y2 = B + BYousion = DZ oy

X3 = O grouicer -l +§Wshoulder T Xast seat

y3 = Aym'dsi"loulder + Aycushion - AZroor

1
Xy = E[nSA EWcushion * Nage ENa.ide + (nSA ~ Nyige +1) (W nreﬂ]

ar
y4 = harmrest,top _Azfloor

(A.1)

(A.2)
(A.3)

(A.4)
(A.5)

(A.6)
(A7)

(A.8)
(A.9)

(A.10)
(A.11)

(A.12)
(A.13)
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(A.14)
XS - _[n cushlon + nalﬂe wVajs!e + (nSA - najs!e +1) wVarmr&st] (A15)
y5 rmr&st bottom AZﬂoor
XG AWfloor seat Warmrat (A16)
(A.17)
y6 AZﬂoor
X7 WLD ,top (A 18)
(A.19)
y7 AZfloor _tfloor
XS WLD Jtop (AZO)
WLD top - WLD bottom (A21)
AZroor _tfloor - hLD + ’ 2 ’
WLD bottom (A22)
(A.23)
AZfloor _tfloor - hLD
. — Vvcushion
With Xlast_seat = X4 ™ Warnres _T (A.24)

Note: equation (A.4) concerning Xohas no real meaning. Its only aim is to get a point describing the
ceiling height.
Note: for ¥s, the lower deck is considered having a 45°angle o n its lower part.
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