This is a Mtlab-based software package of six-degree-of-freedom
F-16 fighter aircraft nodel. Please read this file carefully
before install and use this package. Any further coments are
wel comed by the author.

I nstal |l ati on

For installation, click the Iink 'downl oad software ( F16 fighter
aircraft nodel) ' on the web page and save the zip file to
appropriate folder on your disk. Unzip the file to the sane
folder. Open Matlab and add the folder to the paths of workspace
or change the current directory to this file folder. The software
will be ready for use in Matlab.

Manuscr i pt

The manuscript file Mdel.pdf gives illustration of the coordinate
system and the description of states and control variables used in
the nonlinear aircraft nodel. The equations of notion for full

nonl i near nodel are also organized inside the package, which can
be found in the same file.

How does this software package work?
The sof tware package can mainly acconplish three tasks:
1. To get the trimflight data for different flights;
2. To derive the linearized nodel of the aircraft around trim
flight data;
3. To simulate the nonlinear dynamc response using the full
nonl i near aircraft nodel.

For your first tinme, just type in Mitlab conmand w ndow ‘runF16’

and you will see on the screen

>> runF16

You will be asked to choose the task you want to aconplish and
i nput appropriate flight paranmeters. The results wll be shown

pronptly on the screen.

If you want to obtain the information of specific task above,

please refer to the following sections and you wll get the
detailed instruction for using those functions.



1. To get the trimflight data for different flights

This software can help ywu conpute the trim data for straight &
level flight wth specified velocity, altitude and center of
gravity position. The function to get the trimdata is find trimm
which is ready to run in Mtlab. The trim data is derived by
optimzing the cost function associated wth different flights
usi ng si npl ex search

Function I nputs

velocity - true velocity, ft/sec

altitude - altitude, ft

Xcg - C€.g. position in fraction of nean aerodynani c chord

Function Qut puts

state_trim - trimdata for the state vector

control _trim - trimdata for the control vector

Not e: Acceptable values for flight paraneters are

Mn Value Max Val ue

velocity 350 1000
altitude O 40000
Xcg 0.2 0.5

For nore information of the state and control vectors, please type
in the Matlab command w ndow

help find_trim



2. To derive the linearized nodel of the aircraft

Wth help of the software users can easily get the linearized
nodel for K16 fighter aircraft around the trim data of state and
control vectors. The linearization is acconplished by nunerical
approxi mati on of corresponding function derivatives. The Jacobian
matrices are obtained to describe the real aircraft into a |inear

time-invariant nodel

x_dot

A*
y c*

X +B* u
X + D* u

The function to conpute the Jacobian nmatrices is jacobian fl16.m
It is ready to run in Matl ab.

Function I nputs

velocity - true velocity, ft/sec

altitude - altitude, ft

Xcg - C€.g. position in fraction of nean aerodynani c chord

Function Qut puts

A B, C, D - Jacobian matrices with appropriate di nensions

Not e: Acceptable values for flight paraneters are

Mn Value Max Val ue

velocity 350 1000
altitude O 40000
Xcg 0.2 0.5
Detailed information for linear states and controls, i.e., x and

u, is available if type in Mtlab

hel p j acobi an_f 16



3. To sinulate nonlinear responses from nonli near nodel

A main contribution of this software package is to enable users
simulate the dynamc response of F-16 aircraft wth designed
control | aws.

3.1 Sinulate F-16 aircraft using sinmulink nodel

To sinulate the F-16 aircraft, users need to choose the flight
conditions and get the trim flight data as shown above. The
control variables are left as inputs to the block of F16 aircraft
nodel. The software package can do the simulation via simulink
nodel sinFl6.ndl and the trajectories of the dynam c responses can
be observed in nmultiple figure w ndows.

3.2 One-tine-step conmputation

To help users get famliar with the how to sinulate the aircraft
dynam cs, the software package provides a function to help users
i npl enent one-tine-step conputation. Gven control variables the
function f16_dynam m can perform the one-tine-step conputation to
get the output values and the tine derivatives of state variabl es.
It is easy to inplenent this function using S-function in simulink
or integrate the output and state values directly to calculate the
trajectories of the dynam c responses of F-16 aircraft.

Exanpl e
If you input follow ng commands in Matlab comrand w ndow

time =0

x =[500 0.5 -0.2 -11-10.5-0.6 0.7 1000 900 10000 90]"'

control =[ 0.9 20 -15 -20]°

xcg = 0.4

[ x_dot, an, al at, gbar, amach, q, al pha] =f16_dynan{ti ne, x, control, xcg )

You will see on the screen* that
Xx_dot =
-77.4774

- 0. 8850
0. 8250



. 6973
. 9132
. 2344
. 0325
. 1155
. 1167
342. 4439
-266. 7707
248. 1241
-58. 6900

PO OOOO

gbar =

219. 7837

amach =

0. 4644

q:
- 0. 6000

al pha =
28. 6479

>>

* For physica

significations & units of vari abl es,

hel p f16_dynam

pl ease type



