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Evaluation of Stability Derivatives

The four equations (10-66a—d) are simultaneous homogeneous dif-
ferential equations with constant coefficients. The constant coefi-
cients of these equations are made up of the airplane mass and inertia
parameters and the so-called stability derivatives. In this section the
evaluation of these derivatives will be studied in order that solution
of the simultaneous equations can proceed.

For convenience all the angles in the sections on dynamics will be
taken in radian measure. ' ‘

1. Cr,, the slope of the lift curve, a function of the airfoil section
lift characteristics, ag, and the wing aspect ratio. This derivative can
be estimated from the curves given in Figure 5-5.

2. Cp,, the rate of change of the drag coefficient with angle of
attack. Obtained from the basic drag formula

Cr’

UD=GD;+E

3. Cha, the static longitudinal stability criterion dC,,/da
dCr _ dCn dCy

de dCp da
20
Cp, = —=Cp,
aed

or Cpn, = O (x:p — Np), where Ny is the stick-fixed neutral point.

4, Cpngs,, the rate of change of piteching moment coefficient with rate
of change of angle of attack with respect to {/r. This derivative arises
because of the lag in the wing downwash getting from wing to tail.
For an airplane whose angle of attack is increasing at the rate de/dt,
the tail angle of attack, at any instant of time, corresponding to the
wing angle of attack, a,, will be:
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where At is the time 1t takes an air particle to go from the wing to the
L&il, Al = IE.ng.
The pitching moment coefficient due to the tail becomes

. la |
Gmc = —Gsz [fxw - E(@iw - f_ﬂ’ —:) “‘iw -+ ?:,;]

do di vV
o e
d(de/dt) Y da

Dividing each side of (10-72) by the time parameter, =, and making
use of the relative airplane density factor, u, we obtain:

dCn _ _ _ g, hdel
d( da)_ WENY da 7
d(t/r)

5. Cmgs, the airplane’s damping in pitch. There are several con-
tributions to the longitudinal damping of the airplane, but the largest
of these is the contribution of the horizontal tail. The wing, fuselage,
and propeller all add to this derivative, but as in most normal airplane
designs the horizontal tail is by far the largest factor; it is normal
practice to evaluate the damping contribution of the horizontal tail
and then lump all other contributions as a multiplying factor on the
tail damping. This factor is usually taken equal to 1.10.

The damping contribution of the horizontal tail can be estimated by
determining the change in tail angle of attack due to the airplane’s
angular velocity, 6.

Aoy = 6 EE-
vV

7. The pitching moment due to the rate of elevator deflection with

t/r can be computed from the following formula:

dCp, B o bs
d( df ) = =mu Vr
d(t/r)

6. Cnj, the elevator power term discussed in Chapter 5,
Cms = '—atr’m‘r

1 - C
Cnas = — Z“ + a,Bwa—:
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8. C},, the rate of change of elevator hinge moment coefficient with
wing angle of attack. The variation of the elevator hinge moment with
tail angle of attack, Cx,,, was discussed in Chapter 6. The derivative
Ch, can be developed in terms of Ci,, by accounting for the wing
downwash.

de
(ha—-CM“<l—-a;)

9. Ch; the rate of change of elevator hinge moment with control
deflection. Also treated in detail in Chapter 6.
10. Chgs, the elevator damping derivative, can be developed from the

following formula:

1
Chgs = — 2—[0 + Dﬂt]ﬂ
p

Cop

11. Chys the rate of change of elevator hinge moment with rate of
change of airplane pitch angle with ¢/7. This derivative arises as a
result of the change in angle of attack of the horizontal tail with air-
plane pitching velocity and the floating tendency of the elevator.

7

Ch = Charé-l_;

dC l
P i O Cho é

(2)

Dividing both sides of (10-86) by =,
dCy l

o RS B s
d( dé = Chat Vr
d(t/r)
or
l;
Chas = Chor—
pe

It is assumed that the derivatives Cpy,, Chyy Chyas Chrgray @nd Cpys, are
either zero or negligible.
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