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The Stick-free Neutral Point

¥From the discussion of control surface hinge moments, the total
hinge moment coefficient of the elevator may be given as:

Che = Chg + Choos + Cagde + Chyde (6—-19)
from whiech the floating angle of the elevator can be obtained by equat-
ing C, to zero and solving for §,. For the case of Oy = 0 and &; = 0

s (6-20)

- EEFInat = - C
k3

where a, is the angle of attack of the stabilizer.

In Chapter 5 the elevator angle required for equilibrium at each lift
coefficient was obtained, and the derivative d3./d(Cr given as the
criterion for stick-fixed longitudinal stability., Now, if the elevator
floating angle at each lift coefficient just happened to be the same as

(e} Equilibrivm, &g,
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Figure 6-14, Typical floating conditions of the elevator.

the elevator angle required for equilibrium, the pilot would not have to
apply any force to hold any other air speed than the original trim
speed, and the airplane would be termed neutrally stable stick-free.
If for an increase in lift coefficient from trim the elevator floats up, but
at a smaller angle than required of the elevator for equilibrium, the
pilot will have to supply a pull force at the stick to hold the equilibrium
elevator angle, and the airplane would be considered stick-free stable.
Finally, if the floating angle exceeded the equilibrium angle required
for an increase in Cr, from trim, the pilot would have to supply a push
force at the stick which would be termed stick-free instability. The
three conditions are shown schematically in Figure 6-14.

To evaluate the static longitudinal stability stick-free, it is necessary
to determine the walue of the derivative (dC,/dCr)rree. This is
obviously the wvalue of (dC,/dCL)rix plus the destabilizing effect of
freeing the elevators.

(d(:'m dC,, )
dCr/)vree  \dCL Fix EfC'L Free

elevator

(6-21)
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The moment coefficient due to the tail was developed in Chapter 5
and can be restated as follows:

Cou= — Cbtvﬂt (6-22)
and
- dCL: 7
Cma o d5¢ Vﬂ‘ (6—23)
The stability contribution of the free elevator is therefore
de d&c
e i 24
(dCL Free (dCL)c;.,.o X Cos (6— )

elevator

The value of the floating angle derivative (dé./dCL)cp.o comes from
equation (6-20).

Cha
(Be)Che—o = — 'C'h— Qg (6-25)
hs
d5¢ Ch da.
= — 6-26
dCL)C'lu=o Chy dCy (28]
The angle of attack of the stabilizer, a,, was given in Chapter 5 as
follows: '
Oy = Qp — € — Ty + 1 (6-27)
therefore
da, da ( de) _ (1 — de/da)
a0~ deL\ "a)” " a g
ALE0
TR B asr (6-29)
Substituting (6-23), (6-26), (6-28), and (6-29) into (6-24),
) G )
(dCL)Fm " Chg Gw P\l da (6-50)
elevator
finally

de _ de C}., a; — ( dé)
(dCL)Free - (dcl.)Fix + Chs Ay me 1 de (6—31)
The stability criterion (dC,/dCL)rix was developed in Chapter 5 as
follows for the props-off case:

©) _m (0 _up, (&)
dCL)Fix c i (dCL)va'u: Ay e da (6_32)
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Substituting (6-32) into (6-31) and rearranging,

dC,. Zq dcC,, a: 5 de)( . Ch, )
Pl IS (o) (L. sy e e
(dCL)Free c + dcb)f‘m Ay V'n (1 dex C’I‘ (6-33)

Nac

This is the equation for static longitudinal stability, stick-free, props
off. The stick-free stability, props windmilling, can be written as
follows:

) g (40 ap(, d)( Cu)
(dC L)l"mo a c + (dCL>£'m Ay V")l . de : Cha :

o N(C/da)yr (dB/d)ySy  ar T (‘3_3.) (‘ﬂ"> (6-34)
S.ca, a. .07 da / pray

o

The effect of freeing the elevator enters the tail term as the multi-

plying factor (l -7 %) +  For an airplane equipped with an elevator
hs

having no change in hinge moment with angle of attack (Ci, = 0),
this term becomes unity, and the stick-fixed and stick-free stabilities are
equal. However, if the elevator has a large floating tendency (the
ratio C,/Chy large and positive), the stability contribution of the
horizontal tail can be reduced materially. For instance, for a ratio
of Ch./Crs = 2 and a normal value of = equal to .5, the floating of the
elevator can obviate the whole tail contribution to stability. From
this brief analysis the importance of careful elevator balance design
to insure proper hinge moment characteristics and thereby good stick-
free stability can be readily appreciated.

The stick-free neutral point, No’, can be obtained directly from
equation (6-33) for the propeller-off condition.

K.NEHRU, M.Tech., (Ph.D).
Assistant Professor FLIGHT DYNAMICS



SNS COLLEGE OF TECHNOLOGY
(An Autonomous Institution)

DEPARTMENT OF AERONAUTICAL ENGINEERING

Subject Code & Name: 16AE309 Airplane Stability and Control Date: 27.01.20
DAY:17  TOPIC:STICK FREE NEUTRAL POINT SYMMETRIC MANUVERS

The Stick-free Neutral Point

f(.-'f_l,l ﬂ- = CL‘TE C
N = m___(‘ ‘) i 7 (l——)( _ "n) T
o T ac, £ + . M e GJ';ET (6-33)

The difference between the stick-fixed and stick-lree neutral puints is
as follows:

i i_'r;,C';, ( ﬁF-E) I‘i--'llr.lt 'CI}: ( e
No— Ny = 2 (1 - =)= 2 2hafyp L TE) .
o 0 0uChy d tw Cig det (6-36)
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A typical value of this difference is .02 to .05 per cent m.a.c.

In practice, curves of €y, versus Cr, can be obtained in the wind
tunnel for the stick-free case by mounting the elevator on ball bearings
and allowing it to Aoat freely throughout the test run.  Typical curves

of wind4unnel results of elevator free tesis in comparison to elevator
fixed curves are given in Figure 6—15.

Actually this technique is not usually resorted to. TIn actual wiad-
tunnel practice elevator hinge moments are obtained during pitching
moment versus lift coeflicient runs, with varying fixed values of the

«15 =
S L of
-_—
L8
3 o — 1 2 3
é = " o
-8
-0 F
—a35

Ficure 6-15. Typical reduction of stability due to freeing elevator.

elevator angle. From these data the elevator hinge moment coeffi-
cients, Ch,,'are plotted versus airplane lift coefficient for wvarious
elevator angles. The stick-free characteristica are nearly always de-
duced from such curves. Elevator hinge moment runs are shown in
Figure 6-16 for a typical case.
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