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AILIRQN-STIGI LINKAGE

. By "John G, Lowry

1

It 18 a well-known fact tkhat the alleron~stiock force
can he varied by changing the meshanieal advantage of the

.control system, This principle 1s herein applied to an

aileron installation in which the astick forces are small
over the low-deflectlion range and excessivély large at
full defleoctien. If the ptlck forces at full deflectien
are lowered to desirable values by an increass in the bhalw
ancing moment, the balance at low deflectione 1s very
critical and overbalance 18 probable as a result of struce
tural irregularities. Reduation of the excessively high
etlck forces at full deflection with a nonlinear linkage
Jncrqases tho stick forces over the low~deflection range
"and givos a more nearly linear variation of stick force
with atick doflection, .

Innamuch as a systom that qould be determined math-

eméticqlly rather than by trial and error was deeirabdle,

the subject linkage was babed on a sine curve, The sys-
tem 1s shown schematically in figure 1 and the derivation
of the equations for the system is giver in the appendilx,
The ailleren~stick motlion and mechanical advantage are
given for equal up and-dawn deflestiones by the following

pequationa:

- R :] :

. wl 3
68 = sln [g gin (R—:- 89)] (1)

R,
cos { == 8, . ,

dsa - : (Ra ) (2)
as, B, cos 8,

for which the radii and angles are shown in figure 1, In

order to obtain any desired mqchanipgl advantage at full

alleron deflaoction, equations (1) and (2) must be polved
simultaneously. For convenience, it is suggested that &g
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be given a value of unity and the values of BRi and BE,
found,

The design chart (fig. 3) wae constructed as a quiock
method for solving the equations. This chart gives the
relationehip of 8, and @, which represents (R,/R3)8
for various velues of By and k. The symbol k 1is used

as R
for —& /3%

as R,
for any alleron deflection &,. When the maximum values
of 85, 84 and the dssired value of k for full deflec~

tion are known, the valueg of R, and R,, as well as

~ the relationships between 8, and 3, and between ’
48,/d8, and 8;, ocan be found. The values of @ and

B, can be determined from the value ef &, for full de~

flection and the desired value of k., Dividing & Dy 8,4

gives the value of R, because the chart 1s based on

B; = 1. By use of the velues of R, and R, the valus,

of a8,/dsg 18 determined. When the values of R, and .

B, aro known, the valuos of 8, and d48,/d8, for partiel

alleron defleetion can be found. If greater accuracy 1s-
noedod in determining d48,/d8,, 41t is recommended that

this value be computed from equation (2) by usee of the val-
ues of R; and R, from tho chart.

and represents the fraction of (aa&/aa,% o
A=

By use of the alleron-stiek motion as shown in figure
3, the stiock forces were computed for a modern fighter ,
airplane and were compared with the computed stick foreces
based on a stralght-line linkage (fig. 4), The two curves
in figuro 4 are based on tho same maximum valuoes of 8,4
and 8_,. This comparison shows that the sine differential
decreassed the maximum stick forece dy ahout 9 pounds, or 35
porcent, with only a slight increage in the stieck forces
for small aslleron defleotions. ’

Langley Memorial Aeronauticecal Laboratory,
Natlonal Advisory Committee for Aeronanutiocs,
Langley Field, Va.
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APPERDIX
" DERIVATION OF ZQUATIONS FOR THB SYSTEN . ;
Bqual up-and-down nalleron deflection.~ By use of the

sochomatic diagram' of tho sine linkage (fig. 1) the equa-
tions for aileron defleoction 8, and mechanical advantage

48,/48, were derived as follows:

The connection between the stick orank BR; and érank
3, Rg 1ig direct; therefore,

R
95-3-18' . . (3)
]

Because the link is long compared with R, and Ry, 1%e
angularity ocan be neglected.

By ein @ = Ry s8in 8, (¢)

Combining equations (3) and (4) givos

oin 8, = 3 st (Ra 8s ) (5)
therefore the value of 8, for any value of 8, 1s
s -1 | Bg (EA. ) '
8, = 8in [Ra eln (5 8¢ (s)

Bacause the mechanical advantage is the slope of the
alleron-stick defleoction curve, differoentiating equatian

(5) gives
i '}
a8 cop (B 8 )
a8 - (7)
a8y Ra cos 8,
o) - w oot .- It 18 be-

lieved that the variatlon in 48,/48; 4ie nlso usoful
when the defleetiens of the anilerons are not equnl; there-
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fore orank 3 was rotated through an angle § and the
equations were derived in the same manner as for equal
up-and-down aileron deflections, The resulting equations
are

-3 | R R R .
8, = sin [Ef sin ( + ii 6') - Ei sin ¢] (8)
R, .
a8, By 0" (¢ i 89) (9)
a8, By cos 8, :

Simultaneous solution of equations (8) and (9) for the

two ond limits of aa- and one of the end limits of

' 48, /48, glves the values of R,, R,, and §.

1 ~ ™
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.-Long enough to nogloct angularity

Push-pull tube”

Tigure l.~ Schamatlc diagram of sine llnkago,.
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Figure 3.~ Alileron-sticlz characteristies for
sing linkago.
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Figure 3.- Alloroun~sticlz characteristics for
sinc linkago.
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Figure 4.- The effoct of aileron-stick linkage on stick force.
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