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where: m and J − vehicle mass and inertia matrix in the
body axes; vv T(w) ]001[=  − vehicle inertial velocity
representation in the wind axes; )(w

w� and
Tb RQP� ][)( = − representations of the wind axes an-

gular velocity w�
�

and the aircraft (body axes) angular
velocity �

�
respectively in the wind and body axes; and

�~ − a skew-symmetric matrix associated with � to repre-
sent the vector product in matrix notation, e.g. the prod-
uct vw�

��
× is represented in the path axes as (w)(w)

w v�~ .
The applied forces and moments, )(wF and )(bM , respec-
tively in the wind and body axes, are:
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where: ρ − air density; S, b and ac − lifting surface, wing
span and mean aerodynamic chord; α and β - angles of
attack and sideslip; ϕ, γ and χ − Bryant angles that de-
scribe the orientation of wind axes with respect to Earth
axes; T, Tα  and d − thrust value, its inclination angle and
line offset from the origin of wing/body axes; TJ and

)(TTT ω=ω − moment of inertia and angular velocity of
the jet rotating parts. The aerodynamic force and moment
coefficients are the following functions of state variables
and control surface deflections ( aδ aileron, eδ − elevator,

rδ − rudder):
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can however always be transformed to the form (6

c
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solving the following integral equation:
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must be at least twice differentiable. This

suggests using spline functions of the third order [6] which
may however lead to non-smooth variations of the ob-
tained state and control variables [4]. So in the present
work we used the fourth order splines, which consider-
ably improved the obtained results (not reported here for
shortness).
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rea Tu ][ δδδ= (Fig 2).

Specified 
motion 

4 constraints 

 
Aircraft 

6 degrees of 
freedom 

Control 
4 inputs 
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( )tuzyF ,,,0 = − six modified conditions of con-
straints (6);                (8)

( )yyGz �,= − three kinematical differential equations; (9)

( )tuzyHz ,,,= − three dynamic equations (2),           (10)

where ,][ Ty χγϕβα=  TRQPz ][= , and
T

rea Tu ][ δδδ= are respectively the position, velo-
city, and control variables. The explicit forms of equations
(8) are:
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solution to the following set of non-linear algebraic equa-
tions:
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nt to 1+nt . The Euler code can possibly be replaced by
more accurate higher-order backward difference approxi-
mation methods [5].
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The results of numerical simulation of modelled M96
Iryda jet aircraft loiter flight are shown in Fig 3÷7. In the
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considered case, the trajectory, shown in Fig 3 was
sketched by few points and then interpolated threw this
points by 4th-order spline functions. The aircraft was then
demanded to fly along the modelled trajectory at constant:
velocity 1130 −= msV and altitude of flight m103 . The
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condition of coordinated turns ( 0=β
�

) was assumed.
The obtained variations of nominal control

Trea δδδ , shown in Fig 4, were calculated accor-
ding (14).

The results for angle off attack α as well as the
angular velocity P and appropriate roll angle ϕ are shown
respectively in Figs 5 and 6.

The results for altitude H and following linear
velocity 0V are shown in Fig 7. The successful results of
the research allow to build one’s hopes that obtained
inverse control variations can be used as powerful tool
in the reconstruction of flight events/accidents.
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