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Riferimenti
M. Calcara, Elementi di dinamica del velivolo. Edizioni CUEN, Napoli, 1988.

J. Roskam, Airplane Flight Dynamics and Automatic Flight Controls.
DARCcorporation, 2001.

Aircraft Flight Dynamics
(MAE 331)
Fall 2010

Tuesday and Thursday, 3-4:20 pm
D-221, Engineering Quadrangle

Robert F. Stengel

Department of Mechanical and Aerospace Engineering
Princeton University

Aircrafi Flight Dynamics, MAE 331, is designed to introduce students to the performance, stability, and control of aircraft ranging from micro-uninhabited air vehicles through general aviation, jet tm.nspurt
and fighter aircraft to Mars planes and re-entry vehicles. Particular attention is given to mathematical models and techniques for analysis, simulation, and ion of flying qualities, with brief di of
guidance, navigation, and control. Topu:s mc]ude equations of motion, configuration aerodynamics, analysis of linear systems, and ]Dngnudma]ﬂatera]a’d|rem.lona] motions. The course is required for the
aeronautical track of the P and it is ible to all students with the necessary prerequisites (MAE 206 and 222).

‘While the course focuses on the Science and Mathematics of flight dynamics, h 1 i as Case Studies in aircraft performance, stability, and control. The science and mathematics
component is based on Flight Q[mms (2004). The case studies were initially motivated by Au‘nfam S.lab.llm and Control: A History of the Technologies that Made Aviation Possible (2002), M. J. Abzug
and E. E. Larrabee, and they are enh d by refe to current web-based content.

Syllabus and Assi ents

2010 Lecture Slides

http://www.princeton.edu/~stengel/MAE331.html

Dinamica e simulazione di volo — D. Coiro, A. De Marco


http://www.princeton.edu/~stengel/MAE331.html
http://www.princeton.edu/~stengel/MAE331.html

Riferimenti

Marcello R. Napolitano,

Aircraft Dynamics. From Modelling
to Simulation.

John Wiley & Sons, November 2011.
ISBN: 0470626674

ISBN-13: 9780470626672

" AIRCRAFT
DYNAMICS

From Modeling to Simulation

Marcello R. Napolitano

www.amazon.com/Aircraft-Dynamics-Simulation-Marcello-Napolitano/dp/0470626674
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Riferimenti

MITOPENCOURSEWARE

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

SIGN UP FOR
OCW NEWS

Home Courses

Donate

* VIEW ALL COURSES

> Course Home

> Download Course Materials

» Send us your feedback
» Cite this course

About OCW

Help

Contact Us

Enter search keyword

> Advanced Search

Home > Courses > Aeronautics and Astronautics > Aircraft Stability and Control

16.333 Aircraft Stability and Control

Prof. Jonathan P. How

Course Features
Course Description

DONATE NOW

» Syllabus As taught in: Fall 2004
> Calendar
> Lecture Notes Level:
> Assignments Graduate ) :
OCW is an amazing
Instructors: resource for anyone

with a computer,
internet connection,
and a desire to learn.

> Email this page Technical Requirements
> Newsletter sign-up

» Donate
) SHARE o W0 f7 .

MIT NOTICE

next =

A B-1 Lancer bomber performs a fly-by during a firepower
demonstration in Nevada, U.S.A. (U.S. Air Force photo by Master
Sgt. Robert W. Valenca.)

Are nanoparticles harmful to
the environment?

Course Features

» Lecture notes » Assignments (no solutions)

Course Description

This class includes a brief review of applied aerodynamics and modern approaches in

http://ocw.mit.edu/courses/aeronautics-and-astronautics/16-333-aircraft-stability-and-control-fall-2004
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Riferimenti

Courses

Home

Donate

» VIEW ALL COURSES

» Course Home
> Syllabus

» Readings

» Lecture Notes
» Labs

» Assignments

> Download Course Materials

Archived Versions
> Fall 2001

» Send us your feedback
» Cite this course

» Email this page

» Newsletter sign-up

» Donate

) SHARE o 20 &7

About OCW Help Contact Us Enter search keyword

» Advanced Search

Home > Courses > Aeronautics and Astronautics > Feedback Control Systems

16.31 Feedback Control Systems

As taught in: Fall 2007

Level:
Graduate

Instructors:
Prof. Jonathan P. How

Course Features
Course Description

Highly maneuverable aircraft, like this X-29, often require
sophisticated control systems to fly stably. (Photo courtesy of
NASA Dryden Flight Research Center Photo Collection.)

Course Features

» Lecture notes » Assignments (no solutions)

Course Description

This course covers the fundamentals of control design and analysis using state-space
methods. This includes both the practical and theoretical aspects of the topic. By the
end of the course, the student should be able to design controllers using state-space
methods and evaluate whether these controllers are robust.

| love having
world-class
lectures available.

~ Learn More >>

http://ocw.mit.edu/courses/aeronautics-and-astronautics/16-31-feedback-control-systems-fall-2007
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Riferimenti, software

USAF Digital DATCOM, en.wikipedia.org/wiki/USAF Digital DATCOM

FlightGear, www.flightgear.org

JSBSim, www.jsbsim.org

Scicoslab, www.scicoslab.org

Matlab/Simulink, http://www.mathworks.com

Cygwin, www.cygwin.com

Code::Blocks, www.codeblocks.org

Microsoft Visual Studio 2010 Express, Visual C++
www.microsoft.com/express/Downloads/#2010-Visual-CPP
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DATCOM+

Holy Cows, Inc.
3757 Lake Drawdy Drive
Orlando, FL 32820

billg *at* holycows.net

Datcom+

Downloads

January 26, 2011

I fixed the AC3D output for the fuselage. For example, the B-737 aft fuselage didn't slope up to meet the horizontal tail.
Datcom Windows_2.8.1.exe
Datcom_Linux_2.8.1.tar

http://www.holycows.net/datcom/
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OpenDatcom

ware C
Home Forum
Download Menu

OpenDatcom
Digital DATCOM

Search openAE

search...

User Login
Username
Password

W Remember me

Login
E T
f-

Sign in

Forgot login?
No & unt yet? Reqgister

About Us

Version History

Jump to

USAF Digital Datcom g

The United States Air Force (USAF) Stability and Control Digital DATCOM is a multi- purpose program written in FORTRAN that
calculates the stability and control of an aircraft through analysis of its basic geometric structure. In addition, the DATCOM takes
into account variable flight conditions (such as Mach and altitude)} and the aircraft\'s propulsion elements. The DATCOM is able
to compile meaningful aerodynamic coefficients that closely describe the performance and stability of the aircraft in numerous
flight conditions.

Release Name Status Desgcription Release Date

Binary for Linux 84 bit stable Built with Intel Fortran compiler. 2010-01-16 Download
Run |[sudo cp datcom fusr/bin/ | to
be able to run the |datcom|
command from the terminal.
Binary for Linux 32 bit stable Simply run |$sudo c¢p -a dafcom 2010-01-04
fusr/bin| at the terminal to paste the
binary into your user bin file allowing
you fo type daicom at the terminal
This was compiled with Intel
FORTRAN compiler
Binary for Windows stable Unzip the folder, run datcom.bat from 2010-01-04
the command prompt to set the
binary path. Enter the folder through
the command prompt and type
datcom to execute the program.
Source Code stable Unzip and compile into a binary. 2010-01-04

OpenDatcom g

http://openae.org/downloads
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FlightGear e ,
K FlightGear
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Ads by Google  Simulator  Fly Simulator Windows Linux Windows Games

v.2.6 (2012)

Recent Posts

O Web Site Updates

Advanced Weather v1.4 in Flightgear 2.6+
O FlightGear v2.6.0 Released

O Sky Diving Visualization

Interview: Durk Talsma

igh

FlightGear Flight Simulator: Version 2.6

+ sophisticated, professional, open-source.

+ Feb 17, 2012: Read the FlightGear v2.6 released announcement!
Recent Comments
Recent Posts
O FlightGear 2.6.0 Released |

gamesflightsimulators.com on FlightGear v2.6.0 Web Site Updates

Released

O FlightGear Version 2.6.0 Updates | Aerosoft Sim
News on Web Site Updates

) Jucas on Advanced Weather v1.4 in Flightaear
2.6+

) Catalanoic on Advanced Weather v1.4in
Flightgear 2.6+

© Catalanoic on FlightGear v2.6.0 Released

http://www.flightgear.org

Advanced Weather v1.4 in Flightgear 2.6+
FlightGear v2.6.0 Released

Sky Diving Visualization

Interview: Durk Talsma

. 2 & & *

Download the FlighGear Program, Aircraft, Scenery, Source Code,
Release Candidates, Development Snaphots ...

+ Find what you are looking for at the Master Download Portal page.
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JSBSIim

open source

Home | About Us | News | Download | Documentation | Mailing List | Links | SF.net\JSBSIm | Bugs | Suggestions | Wiki | Aeromatic | MATLAB |

Y

JSBSim is an open source flight dynamics model (FDM) that compiles and runs under many operating systems, including Microsoft

Ritrovaci su Facebook

JSBSim Open
- Source Flight
Dynamics Software
Library

Ti piace. Non mi piace pill

J5BSim Open Source Flight
Dynamics Software Library

NASA To Host Open Source
Summit March 29-30 In
California | SpaceRef - Your
Space Reference
www.spaceref.com

MNASA To Host Open Source
Summit March 28-30 In
California - SpaceRef

leri alle ore 5.32

0

L]

L

Windows, Apple Macintosh, Linux, IRIX, Cygwin (Unix on Windows), etc. The FDM is essentially the physics/math model that defines
the movement of an aircraft, rocket, etc., under the forces and moments applied to it using the various control mechanisms and from
the forces of nature. |SBSim has no native graphics. It can be run by itself as a standalone program, taking input from a script file and
various vehicle configuration files. It can alsc be incorporated into a larger flight simulator implementation that includes a visual system.
The most notable examples of the use of |SBSim are currently seen in the FlightGear (open source), Outerra, BoozSimulator
(open source), and OpenEaagles (open source) simulators. |SBSim is also used to drive the motion-base research simulators at the
University of Naples, Italy, and in the Institute of Flight System Dynamics and Institute of Aeronautics and Astronautics at
RWTH Aachen University in Germany.

Features include:

Fully configurable flight control system, aerodynamics, propulsion, landing gear arrangement, etc. through XML-based text file format.
* Rotational earth effects on the equations of motion (coriolis and centrifugal acceleration modeled).
Configurable data output formats to screen, file, socket, or any combination of those.

See our flyer for additional information.

€ |SBSim

J5BSim Open Source Flight
Dynamics Software Library Mare
cooll work by James Goppert using
JSBSim.

N

A B9 persone piace JSBSim Open
Source Flight Dynamics Software

P

Sign the Guestbook

You are visitor: 9217578

sourceforge

http://www.jsbsim.org
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Scicoslab

ScicoslLab

Introduction
Cvs access Introduction
Git access Jpe, 6 January 2011 (created 2 December 2007)
Download no tags
Bench K The latest version of ScicosLab available on this site is ScicosLab 4.4.
enc. mar January 06,2011: some packaged binaries for ScicosLab 4.4 are now available, more packages
License will come soon.
Documents
YouTube ScicosLab is the new name of ScilabGtk. This change of name has been decided in order to avoid all
confusion with Scilab, which is no longer developed at INRIA. ScicosLab is developed by some of the
Tiddvwiki 2.5.0 researchers who originally developed Scilab at INRIA and ENPC. ScicosLab is used in particular for

disributing new software developments stemming from research activities of the Metalau team at INRIA
and ENPC, such as Scicos (Scicos 4.3 in ScicosLab 4.3) and the Maxplus algebra toolbox.

ScicoslLab is a Gtk+ version of Scilab, based on the official Scilab BUILD4 distribution. It aims at
maintaining the Gtk+ port of Scilab instead of the default X11 graphical user interface. It can be
compiled on Linux, or MacOSX-X11-Fink, or MacOSX-X11-MacPorts, or Windows-Cygwin. A set of
binary packages are available for popular platforms (such as Linux Fedora, Debian, MacOSX,
Windows). Note that the Win32 Windows binary have been obtained by cross-compilation on a Linux
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Matlab/Simulink

Select Country # | ContactUs | Store | | [EJ
‘ MathworkS' ."\ccel'{'ra.'r'rlg the pace of angineenng and science

Create Account | LogIn

Products & Services Solutions Academia Support User Community Company

MATLAB - The Language Of Technical Computing [ contactsales

Description
Function List
Demos and Webinars

[Z] Free technical kit

MATLABe is a high-level language and interactive environment
that enables you to perform computationally intensive tasks
faster than with traditional programming languages such as C, £ E-mail this page

& Trial software

BlE

System Requirements

Latest Features C++, and Fortran.

Support & Training . Get Pricing and
Product Support Introduction and Key Features Licensing Options
Documentation

Developing Algorithms and Applications

Downloads & Trials Analyzing and Accessing Data

Training w s Visualizing Data R2010b

Consulting T

——— Performing Numeric Computation Available September 2010
Other Resourcas Publishing Results and Deploying Applications » View release details

Technical Literature » Download now
User Stories

NEW Object-Oriented Programming in MATLAB Student Software
Related Books o

MATLAB & Simulink Student

News and Events Learn more about MATLAB Version

p | FREE MATLAB Interactive

Technical Kit
= View a Video: Getting Started with MATLAB

= Watch a Webinar: Introduction to MATLAB MATL A B

= Get MATLAB Trial Software Mobile

= Contact Sales | Get a Quote Connect to your

MATLAB remotely
from your iPhone,
iPod touch, or
iPad.

MATLAB Add-On Products ” MATLAB Applications
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Cygwin, compilatori gcc, g++, bash shell ...

Cygwin

u
Install Cygwin
Update Cygwin w I
Search Packages

Licensing Terms

Cygwin/X Get that Linux feeling - on Windows!

Community
Reporting Problems

Mailing Lists This is the home of the Cygwin project

Newsgroups
Gold Stars
Mirror Sites What...
Donations
Documentation s it? wdsn't it?
FAQ Cygwin is: Cygwin is not:
User's Guide
API Reference * a collection of tools which provide a Linux look and feel * away to run native Linux apps on Windows. You must rebuild your
environment for Windows. application from source if you want it to run on Windows.

Acronyms « away to magically make native Windows apps aware of UNIX®

Contributing s aDLL (cygwinl .dll) which acts as a Linux API layer providing functionality. like signals, ptys, etc. Again, you nee(.i to bui.l.d yourapps
e substantial Linux API functionality. from source if you want to take advantage of Cygwin functionality.
Source in CVS
Cygwin Packages

Relnted Sites The Cygwin DLL currently works with all recent, commercially released x86 32 bit and 64 bit versions of Windows, with the exception of Windows
elal i CE.

Red Hat Cygwin Product

For more information see the FAQ.

Current Cygwin DLL version

The most recent version of the Cygwin DLL is 1.7.8-1. Install it by running setup .exe.

Use setup.exe to perform a fresh install or to update an existing installation.

Note that individual packages in the distribution are updated separately from the DLL so the Cygwin DLL version is not useful as a general Cygwin
release number.
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Code::Blocks

c d ™ B I k Code::Blocks - The IDE with all the features you need, having a consistent look, feel
° e um o c s and operation across platforms.

Features Downloads Forums

Main The open source, cross platform, free C++ IDE.
« Home Code::Blocks is a free C++ IDE built to meet the most demanding needs of its Users. |t T —c
o Features is designed to be very extensible and fully configurable. =28 £ ASRRSL ol o
« Screenshots s Vil
+ Downloads Finally, an IDE with all the features you need, having a consistent look, feel and ;
e Plugins operation across platforms.
« User manual rem
« Licensing Built around a plugin framework, Code::Blocks can be extended with plugins. Any kind P m— _
o PErETE of functionality can be added by installing/coding a plugin. For instance, compiingand | "o~ | &
debugging functionality is already provided by plugins! e
Quick links We hope you enjoy using Code::Blocks! = ; 1
« FAQ The Code::Blocks Team i |
e Forums
o Wiki i ,
. nghtlles T T ANV B R LS UL uwa [ o
» BugTracker
« PatchTracker - = .
ey Code::Blocks 10.05 is here! BE=
& IB"OWSB SVN Sunday, 30 May 2010 10:20
0g

More stable, feature-rich and generally enhanced, the latest Code::Blocks release has arrived. It's hot and you can get it now from the
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Visual C++ 2010 Express

Microsoft Home Server & Tools
Microsoft' /Express el =l

Home Web Windows Phone Database Programs Downloads Resources Support

Downloads

Visual Studio 2010 Express SQL Server 2008 R2 Express Visual Studio 2008 Express

OB Visual Studio 2010 f = I/riysual Studio 2010

Express
Although Microsoft Visual Studio 2010 Express products are provided — P rOfeSS IO n a |
free of charge, we do require that you register your product within 30 ! =
days of installation for continued use. If you are not sure how to Learn more about the new features and enhancements in the Visual
obtain your free Visual Studio 2010 Express registration key, follow Studio 2010 product family by visiting the Visual Studio site. Also see the
these instructions. new benefits you get when you become a MSDN Subscriber. Start
exploring the new opportunities that await you today.

» :

ViR Sosic 200 R » Learn More » Download Trial Version

¥ Visual C# 2010 Express

» Visual C++ 2010 Express . - ; ; L e
Microsoft. Visual Studio. LightSwitchw
Install Visual C++ 2010 Express gives you a simpler and faster way to create professional-quality
business applications for the desktop, the web, and the cloud.
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Yuu Tuhe jsbsim spin Q Sfoglia

Aerobatics and spins in Flightgear Sim DR400 ROBIN.wmv

Flightgearsim o Iscriviti 73 video ~

ds Mipiace ®  + Aggiungia v  Condividi P DRA o dions | i

Caricato da Flightgearsim in data 05/nov/2010
! ) : : ; i . . : 2 Mi piace, 0 Non mi piace
FightGear flight simulator spin testing Dany's modified DR400-jsbSim Robin

aeroplane was great fun and it does nice aerobatics tool

http://youtu.be/Mj9CZfYa3cl
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Concetti introduttivi
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Anatomia del velivolo

Deriva

Timone
Fusoliera

Elevatore

Figura 1.1 Anatomia di un velivolo di architettura tradizionale.

Dinamica e simulazione di volo — D. Coiro, A. De Marco



Anatomia del velivolo

Figura 1.2 Un esempio di velivolo ad architettura non tradizionale, dotato di alette canard e di ali
a freccia negativa, I’americano Grumman X29.
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Anatomia del velivolo
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Scomposizione della configurazione aerodinamica

(c) wing-body-horizontal tail (WBH) (d) Velivolo completo

Figura 1.3 Possibili sottoinsiemi di una configurazione aerodinamica

Fa = (FA)WBV T (FA)H T (FA)I
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Concetti introduttivi

w (+), Z(+)

Figura 1.4 Sistema di assi velivolo e convenzioni sui segni.

X:XA—|—XT—|—X(}, Y:YA—|—YT—|—Y(}, Z:ZA—|—ZT—|—ZG
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Convenzioni

e N,
AN =) da (+)\ Sy O
AL 7 Q:>
g (+)
AM () | M v Y@
w(+), Z(+)
V=ui+vj+wk={v
P
22 =pi+qgj+rk={g
r
Fy + Fr + Fg Mo + Mt

X:XA—I—XT+Xg, Y:YA—|—YT—|—YG, Z:ZA—|—ZT—|—ZG
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Convenzioni sulle azioni di comando

Timone

Figura 1.7 Forze positive applicate dal pilota secondo la convenzione europea e relazione con le
convenzioni sui segni delle deflessioni delle superfici di governo.
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Organi di governo

clevatore 2 tab

stabilizzatore \
tab dl —
bilanciamento \
timoni
X 4
//A tab di

alettone esterno

flap esterno anti-bilanciamento

slat

alettone interno
flap interno
flap al bordo d'attacco

h‘-‘

-..h-_'

I/
u". / \EM{ -
-s* spoilers

Figura 1.10 Superfici di governo di un velivolo da trasporto commerciale.
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Impennaggi tradizionali

Stahilizzatore
verticale
/— Timone
Stabilizzatore
orizzontale Alette tab

Elevatore

/

!
!

K.],./— Stabilatore
/
!’ / F_ Anti-servo tab

':\

Asse di cerniera

(a) Elevatore e timone di direzione. (b) Stabilatore.

Figura 1.6 Tipici elementi funzionali di impennaggi di coda tradizionali.
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Alettoni, spoiler, ...

Longherone

Rivestimento

(a) Alettone di un tipico velivolo dell’aviazione generale.

Estremita _”
alare

(b) Tipica struttura alare di un velivolo dell’aviazione generale.

(c) Superfici di governo primarie e secondarie su un’ala di un velivolo da trasporto commerciale:
@ winglet, @ alettone di bassa velocita, @ alettone di alta velocita, @ guide flap, ® flap di tipo
Kriiger, ® slats, @ slotted flaps interni, ® slotted flaps esterni, @ spoilers, © spoilers-aerofreni.
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Tipi di impennaggi non convenzionali

(c) 1l Beech 35 Bonanza, dotato di con impennaggio di coda a V™.

Figura 1.9 Esempi di configurazioni architettoniche tradizionali e non tradizionali degli

impennaggi di coda.
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Momenti aerodinamici di controllo

AM =

AL =

AL =

AN =

dM

Ad, = Mg, Ad
839 5, e de e
oL
P A8a — gfr‘ia A&f}
00, 5
o df
: Adg + — Ao,
34 |5, 5, 9y |5, 5,

== ié‘ﬂ A‘Su —I_ igr A‘Sr

( dN
NI s, + - AS,
dé, 5.5 0, 5.5,

= Ngu Ad, + Ngr Ad,
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Coefficienti di forza e momento

Cy = X Cy = r Cz = =
X7 s Y TS 27T gs
£ M N
T Gsh M= gse N GSh
g = pressione dinamica = Jp(u” 4+ v + w?) = Jy p M?, detta anche ¢q,
p = densita dell’aria alla quota effettiva di volo,
p = pressione statica alla quota effettiva di volo,
M = numero di Mach di volo,
y = rapporto dei calori specifici dell’aria (= 1.4),

S = superficie di riferimento, tipicamente la superficie della forma in pianta
dell’ala,

b = apertura alare di riferimento,

¢ = corda alare di riferimento, tipicamente la corda media aerodinamica del-
’ala.
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Le 4 forze della Meccanica del volo

piano di simmetria del velivolo ‘
(= piano verticale) -
1]

Resistenza Sostentamento, L

al moto, D

“"*F———__":::_'___

orizzonte locale

Forza peso, W
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Crabbing (volo asimmetrico)

1
|
I
Traiettoria :
I
|
|
|
|
|
|
|
|
|
|
p I
I
D |
o\ TN==m.
........................................... -
/‘ XB
piano orizzontale o

ZB

Proiezione del
vettore velocita
nel piano di
simmetria del
velivolo

piano di simmetria del velivolo —_|

T

A. De Marco — Manovre e stabilita — 2012 — 1



Crabbing (volo asimmetrico)

piano orizzontale -

ZB

piano di simmetria del velivolo —_|

S

A. De Marco — Manovre e stabilita — 2012 — 1

- -
- — H
~— £
— C
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Crabbing (volo asimmetrico)

Na = Nawsd + Naai + Nav

orizzonte locale

Y T,

Ma wBv

piano di simmetria del velivolo

La=Lawsy + Laa+ Lav

LA 00

“b Mp = Mawpy + Man

Dinamica e simulazione di volo — D. Coiro, A. De Marco



Crabbing (volo asimmetrico)

e
»0 anee®
,.-""'. ,_..-..'_.'J'!'

-
2 R

.
Lot ¢
,_u.lo.‘-

= _'!"..‘._. s .-...._‘,......

t:,‘v- _.. "_:.5;_'..;}-:."

»
9ty =y §
.
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Riduzione dei sistemi di forze

VB

Figura 1.13 Schematizzazione di ciascun sistema di forze esterne come una forza risultante con-
centrata in un punto ed un momento risultante rispetto a quest’ultimo. Per ciascuna delle azioni
esterne, acrodinamica, propulsiva, gravitazionale, si possono scegliere punti convenienti, Ca, Cr
e Cg = G, in cui concentrare le risultanti Fa, Fred Fg = W.

Fy + Fr + Fq Mo + My Vzp
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Volo equilibrato

0= (Xo+Xa+Xr)i +(Yo+Ya+Yr)j+(Zc+ Za+Zr)k

La+Lr=0, Ma+Mr=0, Na+ANr=0

Xh

orizzonte

—Dsimy + Lcosy =W
Dcosy+ Lsiny =T
My + My =0

verticale locale
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Traiettoria e assetto

Est

l\] —
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> -
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Concetti introduttivi
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Modello di atmosfera, ISA

-30°C

atmosfera tipo
artica

=== 11,54 km

=t ==15km

T(h)y=Ts. — Ty h = 288 — 0.0065 h

T{f:))5‘256 p(h) - (T{h))4.25ﬁ

PsL TsL

atmosfera tipo
temperata

STRATOSFERA
TROPOSFERA

atmosfera tipo
tropicale

—100 —80 —60
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Modello di atmosfera, ISA

Tabella 1.1 Principali proprieta dell’atmosfera al livello del mare (sea level, SL)
secondo il modello di atmosfera standard dell’ ICAO International Standard
Atmosphere (ISA), per una latitudine di 45°.

Grandezza Sistema metrico Sistema inglese
Pressione. psp. 1013.25Nm2 2116.21b
Densita, pgp. 1.225kgm™> 0.002 377 slug ft—3
Temperatura, T, 15,0°C 518.67°R
59.0°F

Velocita del suono, asy 3403 ms™! 1164 fts!

1225kmh™!
Viscosita dinamica, pusy. 57571 -107Nsm=2 | 3,7373- 107 Ibsft—2
Gradiente” termico verticale, (d7/dz.)g | 6.5-107°°Cm™!
Gradiente® barico verticale, (dp/’d:E)SL 11, 72Pam™!
@ Per definizione z, decresce per quote crescenti: h = —z,.
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Concetti introduttivi
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Volo in atmosfera
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Volo simulato, NASA VMS
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Simulatori di volo, NASA VMS

Lo :nqltuu hml
Carn age
||r"|wt1

lr—'

|“ “15‘3 jLaT-—-Fr:ﬂ {_arna:]e '
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Interno cabina di un simulatore di volo, Level D
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Interno cabina di un simulatore di volo, Level D

Dinamica e simulazione di volo — D. Coiro, A. De Marco



A380 simulator
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Earth Centered Inertial,
Earth Centered Earth Fixed

¥ N

ZECI = ZECEF

Meridiano di
Greenwich

\ VECEF
.- 'I f,f"l ’H“‘ 1; I'III |I | \ \ I
W] By, | Ok = Oscer gong W
A
YVECI
x
XECI

XECEF

Figura 1.1 Riferimento inerziale Jgcy e riferimento solidale alla Terra Tgcr.
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Geodesia

Ellissoide
Locale

Ellissoide
Globale
UGeod

7
P

‘\ orizzonte
b, geodetico

Ellissoide
Locale

Geoide —

Figura 1.2 Geoide terrestre, ellissoide globale, ed ellissoidi locali. Nella rappresentazione tri-
dimensionale i discostamenti dei punti del geoide dall’ellissoide globale sono amplificati di un
fattore di ordine 10°.
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Modelli geodetici

topografia

modello locale di geoide

—
— = l'—-_— --"I‘
— -y W= o = = L.

-y — - ﬁ
- -
= geoide

— T

elllissoide di riferimento

Figura 1.3 Profilo topografico e geoide globale.
Spesso il geoide e approssimato localmente da
un modello locale di geoide oppure da un ellis-
soide locale di riferimento.
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Geoide, ellissoidi approssimanti

Nord America

piano equatoriale
(European Datum)

piano equatoriale
(North American Datum)

Figura 1.4 Profilo del geoide globale
ed ellissoidi locali di riferimento.
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Modelli geodetici, WGS84

Figura 1.5 Discostamenti (in
metri) del geoide dall’ellissoide
di riferimento definito dal siste-

—100 -80 —60 —40 —20 0 20 40 60 g0 ma WGS84.
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Latitudine geodetica e geocentrica

ZECFEF

XECEF

a

a

2
tan A Ceod = (—) tan AGeoc
C

Figura 1.6 Latitudine geocentrica e geodetica.
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Concetti introduttivi

N53:22

ELEV 249'|(75.9m)

N53:21 ©
. 2
ELEV|212’ (64.6m) N
/ELEV 232((70.7m)

Figura 1.7 Collocazione
delle piste dell’aeroporto di
Manchester (sigla EGCC)
ed elevazioni locali (ripro-
N53:20 dotta dal testo di Diston
ELEV 186(56.7 m) [8]). Elevazioni in piedi e
W2:19 W2:18 w2:17 W2:16 w2:15 1N metr

Figura 1.8 Profilo approssi-
mativo della pista 06L/24R
dell’aeroporto di Manche-
ster (riprodotta dal testo di
250 — Diston [8]). Elevazioni in
piedi.
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Riferimenti tangenti, ZECEF Xy »V
Local Vertical-
] C
-Local Horizontal

M\\_/ I

XECEF

Figura 1.9 Terne di riferimento Earth-Centered Earth-Fixed, Tgcgg. Tangent, Tr. Vehicle-Carried
Vertical, 7y .
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Earth frame, Flat Earth

(verso Nord)
XE

Terra piatta

einerziale T\ _—
\

Origine in un punto al suolo
scelto opportunamente

\OE

A

N

N
YE

g (verso il centro terrestre OgcEgr) (verso Est)

Figura 1.10 Riferimento fisso g = vy in ipotesi di Terra piatta ed inerziale.
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Moti atmosferici

]

\
m \
\ {
4 \

Figura 1.11 Terna di riferimento Jg e volo in prossimita del suolo. In generale, anche I'atmosfera
¢ in moto rispetto alla Terra. Nell’illustrazione il velivolo trasla rispetto al suolo con velocita V' e

I"atmosferica trasla macroscopicamente con velocita Vying.
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Posizione e orientamento
del velivolo
rispetto alla terra

posizione del velivolo

vettore posizione

NE

NW

piano tangente locale SE
o Terra piatta

SW

Figura 1.12 Posizione del velivolo rispetto alla Terra. Orientamento del riferimento Terra e della terna Jiyvip
secondo la convenzione North-East-Down.

D
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Assi traiettoria e Wind axes

I~ s .
~~.piano orizzontale

1
— !
i | contenente C
| !
I I
I I
I I
I I
. | :
81 g , :
Ok | | |
hhhhh | /‘.-E :
T | |
Pct Et}" Te-- «;ﬁ h§~; Ver | piano verticale
5 T==~--___contenente V
VE =

Figura 1.13 Assi vento (o assi traiettoria).

A=Viy+djg—Pka
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[~ piano di simmetria del velivolo

[
1)
L1

traiettoria

piano orizzontale

Yw

piano normale Zw

piano verticale sy

Figura 1.13 Terna di assi vento fyy = {G, Xw. Yw. zw} (o assi traiettoria). In questa particolare circostanza la
traiettoria del baricentro & orizzontale e I’ orientamento del velivolo non & simmetrico rispetto al piano verticale

XwIw.



traiettoria orizzontale

G(12)

S - = ) — —o— e /

______
-----
B
--------
el H
______
uuuuuu

.......
-------
-------
-------
.........
.....

piano verticale

verticale locale

traiettoria

Figura 1.14 Evoluzione del moto di un velivolo con traiettoria del baricentro.
Sono rappresentati gli orientamenti nello spazio in cinque istanti successivi. La
terna di assi vento fyy = {G,xw, YW, zw} (o assi traiettoria) € rappresentata
nell’istante 5. In questa circostanza la traiettoria & curva e I’angolo di rampa y !
& non nullo (negativo).

ground track—-\_\::



Velocita angolare
istantanea
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Velocita angolare istantanea

6
q

)
P r 15

‘, o/ ‘,

- -
7 /
L e

XB

Figura 1.16 Vettore velocita angolare istantanea §2g e sue componenti nel riferimento degli assi velivolo. La retta
individuata dagli angoli &y, &, e &, all’istante generico ¢ rappresenta [’asse mobile intorno a cui il velivolo compie
una rotazione rigida istantanea di entita §2g dz.
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Evoluzione

traiettoria di C

E=-$ sinyiw—l—]'/jw—l—é’cosykw

-~

~>.piano orizzontale
contenente C'

e ——

Xg.6(1) = xg6(0) + [ Vip(r)dr

8(1) =5(0)+[$(r)df (1) =}/(0)+[}'/(r)dr
0

[

0 yeG(t) = yeg(0) + [ Vye(r)dr
0
[

Vig(t) =V cosy cosd. Vy(t)=V cosysind, V. (t)=—V siny

ZeG(1) = zpg(0) + | Vo (7)dr
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Evoluzione
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Assi aerodinamici ,
A=1Diy+djg—Pka

traiettoria
di G

XA

Figura 1.14 Assi aerodinamici ed assi velivolo.
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Assi velivolo e angoli di Eulero

2 = 24+ Jg
A=Viy+djg—Pka

—

piano

e R e N oo I~ orizzontale
- ! | contenente C
i |
I [
I [
! |
I | piano
28 -ig = 2By = | | verticale
: | contenente xg
***** e —
ST~ —~o I —
2s - Jg = QB,}B ={q For™~~277"-- 1}”_“ i :
S == - |
: S~o_ 8 ] -——_y
H a— -~
-QB ‘kB = QB,zB =r VE 4 :;E ““@piano verticale

contenente V

Figura 1.15 Assi velivolo ed angoli di Eulero.
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v QB/ A J

ZB <B
Figura 1.16 Vettore velocita angolare istantanea §2g e sue componenti nel riferimento degli assi velivolo. La retta

individuata dagli angoli &y, &, e &, all’istante generico ¢ rappresenta [’asse mobile intorno a cui il velivolo compie
una rotazione rigida istantanea di entita §2g dz.

P = ‘QA,XB ’ qd = 'QA,_FB +a . T = 'QA-.ZB
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Moto vario
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Angoli di Eulero 5

Ry =iy +0ig + piy
- (d;—u}sine)ig

+ ({h cos 0 sing +6 cos¢) ji

+ ({h cos 6 cos ¢ —6 sind}) K

Figura 1.17 Angoli di Eulero dell’orientamento di un velivolo. Interpretazione che utilizza lo
snodo cardanico (gimbal).
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Angoli di Eulero

NW

SE

Figura 1.18 Orientamento del velivolo e significato degli angoli di Eulero rispetto alla usuale simbologia degli
indicatori di bordo (Herizontal Situation Indicator, HSI).
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Traiettoria e ground track

/
——

20—

20—

vettore velocita cerchio nel piano verticale
‘\\ cerchio nel piano
5°0 AN XBZB
07—
30T A
20°—
10°— ’
- .
—10°— — — 7 R\ VB
—20°— — — — ABP—F=
=300 == 7 '
—40°— — 7 7
—50°—— 7~ _ traiettoria
~— ground >>-<-'-"” =
track \:h‘_/—: |

Figura 1.19 Traiettoria e ground track. Interpretazione dell’angolo di elevazione 6 e di inclinazione laterale ¢
attraverso gli indicatori tipici di un Head-Up-Display.
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Assi costruttivi

yc

VB

Figura 1.20 Assi velivolo ed assi costruttivi. Il punto Fep € detto pilot eye-point ed indica la
posizione della testa del pilota nel riferimento costruttivo.

Dinamica e simulazione di volo — D. Coiro, A. De Marco



Assi costruttivi

Figura 1.21 Parametri geometrici di una fusoliera.
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Assi costruttivi
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Figura 1.22 Definizioni relative alla configurazione ala-fusoliera (vista dall’alto e vista laterale).
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Assi costruttivi

Figura 1.23 Definizioni relative alla configurazione ala-fusoliera (vista frontale).
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Comandi di volo

timone

elevatore -
aletta di trim

del timone

aletta di frim
dell elevatore

linea di comando
dell elevatore

/// /
-
7 //
P . molla di centraggio
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Figura 1.27 Linee di comando di un velivolo.
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Assi superficie di comando

Figura 1.28 Generica terna Jcs = -{C. C.t, n} degli assi su-
perficie di governo. Essa si specializza, ad esempio nel caso
dell’equilibratore, nella terna Jcg . = {Ce. he, re.ne} elec-
centricita diviene ecs = ee.
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Assi superficie di comando

Figura 1.29 Assi di cerniera e loro orientamento rispetto agli assi velivolo.
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