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Introduction

The dynamic response of sailplanes
to abrupt longitudinal manoeuvres
has been studied by the author in two
previous papers [1, 2]. Checked

and unchecked manoeuvre cases
have been found to be covered by the
instantaneous unchecked manoeuvre,
related to the same increment of the
load factor.

A simple expression for the incremental
aerodynamic tail load corresponding
to the unchecked instantaneous
manoeuvre was derived from the
classical «dynamic» equations of the
vertical and pitching motion [1].

It is shown here how the same ex-
pression can be derived from «static»
considerations. This is possible owing
to the aperiodic (or quasi-aperiodic)
type of response occurring in the case
of sailplanes [1]*.

The «static» derivation of the tail load
formula

Let us consider the sailplane in the
equilibrium condition corresponding,
for instance, to point A; (V = V,,

n = 1) (fig. 1) on the n-V manoeuvre
envelope. The equilibrium of forces in
the vertical direction and of moments
about the pitching axis according to
the scheme of fig. 2 is written as
follows:

LW + Lt = W (.”
LW'XCG+MO— Lt 'It =0

where:

It — wing lift

Ly — tail lift

w — sailplane weight

Xog — longitudinal distance of

sailplane CG from wing
aerodynamic center

Ig — distance of horizontal
tail from sailplane CG

* The author is indebted to Dipl.-Ing. J. B. de
Jonge of the «Nationaal Lucht- en Ruimtevaart
Laboratorium», Amsterdam, for his suggestions
and interesting remarks on the subject of the
present paper.

— wing aerodynamic moment
about the wing a.c.

(the positive sense of forces, moments

and lenghts is as indicated in the

figure).

The system of equations (1) can be

solved with respect to L, which is

the tail balance load in the flight

condition corresponding to point A

M,

of the n-V envelope (fig. 1):
W-xcgtMo
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In this condition, an elevator deflection
Nim 1S required, which can be
calculated by writing:
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where:

k¢ — tail efficiency
(k;. g = dynamic pressure
at the tail)

q —1/2¢ V2

St — horizontal tail surface

a — horizontal tail lift
curve slope

1— 9€_ _ downwash factor at the

day
S

tail

— wing angle of attack
(with respect to wing zero
lift direction)

i — tail setting (angle between
the zero lift directions of the
wing and of the horizontal

5 tail with neutral elevator)

— rate of change of tail

8n angle of attack with
elevator deflection
n — elevator deflection
cq —ky qS¢ay (1—de/da)
€2 —kiqSiaq
C —
3 ktq Sta o0

Let us consider now that the elevator
is given an instantaneous upward
deflection An = 72 — m1 (which is
then mantained). An aerodynamic tail
incremental load AP will take place
instantaneously (disregarding aero-
dynamic lag)

day
AP=kthtat'E“Aﬂ (5)

which produces a vertical acceleration
AP/W and a rotational acceleration
about the y pitching axis AP . 1/Jy,
where J, is the sailplane moment of
inertia about the y-axis.

The dynamic response of the sail-
plane to this abrupt manoeuvre is

such that, after a short time, a new
steady state of equilibrium will be
attained on a curved path, correspond-
ing, for instance, to point A in the

n-V envelope (fig. 1). The equilibrium
equations become the following (fig. 3):



Lwn:XcG+Mg — Lin-k =0

From equations (6) L, can be derived,
which is the tail balance load in the
new equilibrium condition of steady
accelerated flight

n-W-xcgt+M,
I +f

Ltn = (7)

L, can be expressed as the algebraic
sum of three loads: one component
load due to the incidence of the tail-
plane (or stabilizer), one to the elevator
deflection and the third one due to

the angular velocity in pitch:

Lin =ktqSia X (8)
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Lwn + Ltn=nW (61 where 72 = g1 + A\ is the new

elevator angle (7, for the new
equilibrium condition), cs = |, - g/V2.
It is generally admitted that, during
such abrupt manoeuvres as considered
here, the airspeed remaines un-
changed. V and q in eq. 8, therefore,
mantain the same values as in the
initial condition (eq. 3).

Obviously, the difference between L,
(eq. 8) and L, (eq. 3) gives the aero-
dynamic tail incremental load that
takes place when the aircraft is brought
from the initial equilibrium condition
(n = 1) to the final post-manoeuvre
new equilibrium condition. Of course,
this evaluation can be made more
generally from any initial equilibrium
condition (n = n1) to any final post-
manoeuvre equilibrium condition

(n = n2). This simply requires to apply
twice eq. 8, therein introducing n = ms
and n = nz, respectively.

The difference A L, = L, — L,

or, more generally,

ALy = Ltng — Ltny

results:

AL: =cq-Aap+c3-An+cq-An

= ¢1-Ady + AP + c4-An (9

/A P = Cs Ay n is the aerodynamic
incremental load due to elevator
deflection.

This load AP has not much signifi-
cance, in general, on motorplanes.

In fact, the aerodynamic response of
an aircraft to an abrupt longitudinal
manoeuvre is a damped oscillation of
ay, Ly and n with time. A peak value

of n (n,,,) takes place after a short
time, the new steady value n_, being
reached after a few damped oscil-
lations. In the particular case of sail-
planes, however, due to their geometric
and mass characteristics, it was shown
[1] that the dynamic response is
aperiodic (or quasi-aperiodic). This
means that n,,, practically coincides
with the assymptotic value n, perti-
nent to the new steady state accelerat-
ed flight condition at the new elevator
angle: ny,, 2 n_.

In such a case, therefore, /AP contain-
ed in eq. 9 is exactly the aerodynamic
incremental load due to the incremental
elevator deflection A»n that we want

to determine.

It is evident, in any case, that a particu-
lar An corresponds to each value of
/An and, therefore, of /AAP. The cor-
relation between AP and An is needed
in order to evaluate the aerodynamic
tail incremental load capable to
produce the prefixed /An.

By subtracting eqg. (2) from eq. (7),

we obtain:

AL¢=Lin— Lt
nWxcg +Mo
le+xcG
XCcG
i+ xcG

Wxcg + Mo
I+ XcG

An-W (10)

Aa,, the incremental wing incidence,
appearing in eq. (9), can be expressed
as follows:

ALy =qSa-Aay=cs-Aay (cs=qSa)

From vertical equilibrium egs. (1) and
(6), and from eq. (10):

ALy =0n-W—AL; (11)
X
=An-W——Tt—_c;_—GxFG— An-W
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From egs. (9), (10) and (11), therefore:

AP= ALy — ¢q Mgy — cgn (12)
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This expression is practically the same
as eq. (33) in [1]. In the derivation of
the latter it was assumed that Xg is
so small with respect to I, that it

is practically

lg = l+xcg, k/Uetxcg) =1.

This assumption corresponds

to considering L, + Ly L,

in the equations for vertical equi-
librium (egs. 1 and 6) or, which is

the same, to assuming the wing lift
curve slope as the sailplane lift curve
slope (sailplane with a fixed elevator
deflection, of course).

The above eq. (13), therefore, is more
general. In practice, however, it yields
the same AP values as the expression
of [1], i.e.:

d
AP =An-W [ —’|:-99-kt—ssl 2 01-5)
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The incremental elevator deflection
An = n2 — y1 corresponding to
the /AP given y eq. (13), is given by

AP
An: AP =

c3 keqS.a,da./on

In sailplane design this evaluation may
be necessary, in order to verify that

m + Az is within the available
elevator deflection (*#y,,), as

limited by elevator stops. In fact, it is
generally an airworthiness requirement
that the elevator is sufficiently powerful
to allow any manoeuvre within the
boundary of the n-V envelope.
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