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Lateral and Directional Aerodynamic Model




Aerodynamic model: lateral and directional

e First, there are two moment equations and one force equation and the moment
equations are coupled kinematically through the product of inertia as well as aero-

dynamically.

Second, the lateral mode (roll) has no inherent static stability; no aerodynamic
restoring moment is generated directly by rolling. Rather, a secondary moment is
generated through the directional axis due to sideslip and dihedral effect becomes

the dominant factor.

Third, the controls used to produce moments about either of the axes also produce

moment about the other.

Aileron deflection produces yawing moments and the rudder produces significant

rolling moment.

In spite of these three facts, it is still instructive to measure the static directional
stability and the dihedral effect through steady state tests and to quantify the

control authorities about the x and z axes with steady state maneuvers.

These steady state test methods are discussed in the following sections. For this in-
troduction to static lateral-directional flight test methods, it is sufficient to represent

the equations of motion as described below

We will be referring to the usual body axis system as presented in Figure 1| for future

reference

Zy,

Figure 1: Body fixed axis system

e Force Equation

Fy, =m(v + ru — pw)
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e Yawing Moment Equation
N =— xzp + [xr +pQ(Iy - ]z) + Ixzqr
e Rolling Moment Equation

Side Force (F))

Figure 2: Airplane at positive bank (¢)

e The side force F),, has aerodynamic and gravitational components:

F, = (F,

( y)gravz'ty + (Fy)aerodynamics

e Referring to above figure, we can express components of weight (mg) along body
fixed y and z axis as:

(Fy) gravity = Mg cosfsin ¢

(F2) gravity = Mg cos b cos ¢

where, ¢ and ¢ are the pitch and bank angle respectively.

.- The aerodynamic force along y direction can be expressed as function
Yaerodynamics

of roll rate p, yaw rate r, side slip angle /3 , aileron deflection ,, and rudder deflection

0. The following aerodynamic model is assumed:

b b
P, 0B+ Cyy bu+ Cyy b,
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F = —pV?
QPVTS C yr2VT

Yaerodynamics
where,

Vi = Vu2 + 02+ w?
u, v, w are the components of total air relative velocity Vr along body fixed axes x,

y, 2 respectively.



e Using,

F
C,=—2—
Y LpVEs
we have:
1
F,= épVTZSCy + mgcos@sing = m(v + ru — pw)
where,

pb rb
Cy = Cypﬁ +Cy, = 5V + Cys B+ Cys. 00 + Cy; 0,

Yawing Moment (V)

e The yawing moment is also function of p, r, 5, J, and d, and hence it can be

experessed as:
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where,

pb e rb
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Rolling Moment (L)

e The rolling moment coefficient C}, can also be expressed as:

pb rb
Cr = Clp2v +Clr2v + C1, B8 + Ci;, 00 + Ciy 0,

Thus, Lateral-Directional stability can be studied by the help of following three equations:

1 b rb
F, = épVQgS {CyPQPTT +Cy o 2V + Cys B4 Cys, 00 + Cyy 0 } +mg cos fsin ¢

=m(0 + ru — pw)

pb rb
Ch, —
+ Ch, 5V, +

= _[xzp + Ixr +pQ(Iy - [z> + I:vzqr

pb rb
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= :cp - ]xzr + QT([x - Iy) - Iwzpq



