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“ The mathematical model given here uses the wind-tunnel data from NASA-Langley 
wind-tunnel tests on a scale model of an F-16 airplane. The data apply to the speed range 
up to about Mach=0.6, and were used in a MASA-piloted simulation to study the 
maneuvering and stall/post-stall characteristics of a relaxed static-stability airplane.” 
 
 
 



Nomenclature 
 

 
State Variables: 

 

 

V  - true velocity, ft/sec 
α  - angle of attack,  radian  ( range –10° ~ 45° )
β  - sideslip angle,   radian  ( range –30° ~ 30° ) 
φ  - Euler (roll) angle, rad 
θ  - Euler (pitch) angle, rad 
ϕ  - Euler (yaw) angle, rad 
p  - roll rate, rad/sec 
q  - pitch rate, rad/sec 
r  - yaw rate, rad/sec 

disN  - north displacement, ft 

disE  - east displacement, ft 
h  - altitude, ft 

powP  - power 
 

Control Variables: 
 

 

Tδ  - throttle setting, ( 0.0 – 1.0 ) 

Eδ  - elevator setting, degree 

Aδ  - aileron setting, degree 

Rδ  - rudder setting, degree 
 

Parameters: 
 

 

ρ  - air density, slugs/ft^3 
M  - Mach number 
T  - total instantaneous engine thrust, N (lb) 
m  - total airplane mass, slugs  

tXC ,  - total x-axis force coefficient 

tYC ,  - total y-axis force coefficient 

tZC ,  - total z-axis force coefficient 
q  - dynamic pressure, psf 

sp  - static pressure, psf 

tLC ,  - total rolling-moment coefficient 



tMC ,  - total pitching-moment coefficient 

tNC ,  - total yawing-moment coefficient 
t  - temperature, R 
u  - velocity in x -axis direction, ft/sec 
v  - velocity in -axis direction, ft/sec y
w  - velocity in -axis direction, ft/sec z
W  - vehicle weight (lbs) 
b  - wing span (ft) 
S  - wing platform area (ft2) 
c  - mean aerodynamic chord (ft) 

xI  - roll moment of inertia (slug-ft2) 

yI  - pitch moment of inertia (slug-ft2) 

zI  - yaw moment of inertia (slug-ft2) 

xzI  - product moment of inertia (slug-ft2) 

xyI  - product moment of inertia (slug-ft2) 

yzI  - product moment of inertia (slug-ft2) 

cgRX  - reference cg location (ft)  

cgX  - center of gravity location (ft)  
g  - gravitational constant (ft/sec2) 

Eh  - engine angular momentum (slug-ft2/s) 

rd  - radian-to-degree constant, 29578.57=rd  
  

 
  



 
 

Table 1.  Mass and Geometry Properties 
 

Symbol Parameter Value 

W  Vehicle weight (lbs) 20500 

b  Wing span (ft) 30 

S  Wing area (ft2) 300 

c  Mean aerodynamic chord (ft) 11.32 

xI  Roll moment of inertia (slug-ft2) 9496 

yI  Pitch moment of inertia (slug-ft2) 55814 

zI  Yaw moment of inertia (slug-ft2) 63100 

xzI  Product moment of inertia (slug-ft2) 982 

xyI  Product moment of inertia (slug-ft2) 0 

yzI  Product moment of inertia (slug-ft2) 0 

 
 
 



 
Table 2.  Control Surface Actuator Models 

Symbol  Command 
name 

Deflection 
limit 

Rate 
limit 

Time 
constant 

Positive 
sign 

convention 
Effect 

Eδ  Elevator ± 25.0˚ 60˚/s 0.0495sec 
lag 

Trailing 
edge down 

Negative 
pitching moment

Aδ  Ailerons ± 21.5˚ 80˚/s 0.0495sec 
lag 

Right-wing 
trailing edge 

down 

Negative rolling 
moment 

Rδ  Rudder ± 30.0˚ 120˚/s 0.0495sec 
lag 

Trailing 
edge left 

Negative yawing 
moment, 

positive rolling 
moment 

 
 
 
 
 
 
 

Table 3.  Other parameters used in the model 

Symbol Parameter Value 

cgRX  Reference CG Location (ft)  c35.0  

g  Gravitational constant (ft/sec2) 32.174 

Eh  Engine Angular Momentum (slug-ft2/s) 
( assume fixed ! ) 

160.0 

rd  Radian-to-degree constant 57.29578 



Six-degree-of-freedom Motion Equations 
 
The equations used to describe the motions of the airplanes were nonlinear, six-degree-
of-freedom, rigid-body equations referenced to a body-fixed axis coordinate system. 
 
------------------------------------------------------------------------------------------------------------  
 Force Equations           
------------------------------------------------------------------------------------------------------------ 
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------------------------------------------------------------------------------------------------------------ 
 Kinetics    
------------------------------------------------------------------------------------------------------------ 
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------------------------------------------------------------------------------------------------------------ 
 Moments    
------------------------------------------------------------------------------------------------------------ 
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------------------------------------------------------------------------------------------------------------ 
 Navigation    
------------------------------------------------------------------------------------------------------------ 
 

)sinsincossin(coscossin
)sincossincos(sinsincoscoscoscos

ϕφϕθφβα
ϕφθϕφβϕθβα

++
−+=

V
VVNdis&

 

)cossinsinsin(coscossin
)coscossinsin(sinsinsincoscoscos

ϕφϕθφβα
ϕφθϕφβϕθβα

−+
++=

V
VVEdis&

 

θφαθφβθβα coscossincossinsinsincoscos VVVh −−=&  
 
 



Coefficients    
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Table 4. Source of aerodynamic coefficients 

 

Coefficients  Source  
Independent 

variables 
( ββαα rdrd dd == , ) 

XqC  Table dα  

xC  Table Ed δα ,  

YrC  Table dα  

YpC  Table dα  

1,ZC  Table dα  

ZqC  Table dα  

1,lC  Table dd βα ,  

LrC  Table dα  

LpC  Table dα  

2,lC  Table dd βα ,  

3,lC  Table dd βα ,  

MqC  Table dα  

mC  Table Ed δα ,  

1,nC  Table dd βα ,  

NrC  Table dα  

NpC  Table dα  

2,nC  Table dd βα ,  

3,nC  Table dd βα ,  
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