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SUMMARY

A series of simple theoretical models are discussed, representing
the essential features of flexible aircraft both of the classical and
integrated varieties, in trimmed level flight. Assuming linear aero-
dynamics it is shown that the maximum speed for trimmed flight for the
classical aircraft is determined primarily by the tail-plane flexibility.
For the integrated aircraft this maximum speed occurs when both the
overall aeroelastic distortion and the control forces become very large,
the effectiveness of the control to trim is related to the similarity
of the weight and aerodynamic lifting distributions. Detailed
calculations on trimmed plate wings of varying plan form further -
illustrate these general points.

The aeroelastic effects of these trimmed plate wings in level flight
are also investigated assuming non-linear aerodynamics. It is shown
that in general there are two positions of equilibrium of the aircraft
at each speed although it is possible that at high speeds both these
positions of equilibrium are imaginary. The stability of these positions
of equilibrium are not discussed in this paper.

SOMMAIRE
Ce rapport traite d'une série de moddles théoriq§es \gjmples représen-
tant les caractéristiques fondamentales des avions soupl¥y; tant classiques
qu’ intégrés, dans le vol équilibré en palier. En supposanii]’aérodynamique
linéaire, il est démontré que la vitesse maximum du vol équildbré de
1'avion classique est déterminée principalement par la souplesse de
1’ empennage. En ce qui concerne 1°appareil intégré, cette vitesse
maximum se produit lorsque la distorsion aéroélastique globale ainsi que
les forces des gouvernes deviennent trés importantes: 1'efficacité des

_gouvernes en vue de 1°équilibrage est fonction de la similitude des

répartitions du poids et de la aérodynamique. Des calculs détaillés
relatifs & des ailes équilibrées de formes en plan diverses mettent

‘plus en évidence ces points géneérsux.

Les effets aéroelastiques de ces ailes équilibrées pour le vol en
palier sont également étudiés en supposant 1’ sérodynsmique nonlinéaire.
I1 est démontré que de fagon générale i1 existe deux positions d’équilibre
pour 1’avion & chaque vitesse, bien qu’ il soit possible qu'i des vitesses
élevées ces deux positions d'équilibre soient imaginaires. La stabilité
de ces positions d’équilidbre n'est pas discutée dans cette communicationm.
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SOME STATIC AEROELASTIC CONSIDERATIONS OF
SLENDER AIRCRAFT

G.J. Hancock*

1. INTRODUCTION

The techniques for the calculation of aeroelastic effects have been formulated and
perfected during the evolution of the conventional, or classical aircraft, comprised
of distinct wings, fuselage and tail and acted on by aerodynamic forces which depend
linearly on incidence. We are now in a state of transition from this conventional
subsonic aircraft to the supersonic aircraft of the future. The latter is expected
to differ from the former in two important respects. First, the supersonic con-
figuration will be integrated into a single unit combining the roles of wings,
fuselage and tail. Second, the current supersonic aerodynamic design philosophy of
incorporating flow separations and the formation of leading-edge vortices as essential
parts of the flow field implies that the aerodynamic forces will be non linear
functions of incidence. Therefore, from an aeroelastic point of view two important
questions may be posed, First, which of our aeroelastic concepts based on background
of knowledge built up with the experience on conventional aircraft, may be safely
extrapolated to the integrated aircraft, and which of our concepts have to be thought
about again and re-defined? Secondly, what are the additional aeroelastic effects
due to the presence of the non linear aerodynamic forces? In this Report we only
begin to answer these questions by considerstion of some simple static aeroelastic
effects.

As an indication of the reality and depth of these questions, a difficulty arises
straight away over definitions. 1In the past, static aeroelasticity has been defined
in terms of structural and aerodynamic forces only. This definition tends to lose
its meaning when applied to the integrated configuration, so the following definitions
are suggested. Static aercelasticity is the doasin of aercelasticity in which all
the forces (inertial, structural and aerodynamic) are present but are independent of
time. Dynamic aeroelasticity is the domain of aeroelasticity in which all the forces
(inertial, structural and aerodynamic) are present but are dependent on time. 8o
static aercelasticity refers to the equilibrium problem of a steady manoeuvre, dynamic
N aeroelasticity refers to stability and response problems, Static stability is a
. limiting case of dynamic stability and is not included under the present definition

of static seroelasticity.

In this Report we consider only static aeroelasticity, that is, the equilibrium
problem, involving a steady controlled manoeuvre. 8ince one manoeuvre is as re-
presentative as any other we shall limit our discussion to the trimmed level flight
condition. Since we are interested in relating the seroelastic effects on conventional
aircraft to those on the slender integrated aircraft we shall first review the basic
asroelastic effects on conventional aircraft by reference to some extremely simple
models which idealige the various flexibilities of this type of aircraft. Then we
shall look at some overall effects of the integrated configurations, again by reference

* Queen Mary College, Mile End Road, London, E.1, England
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to simple models and in this case we shall include a consideration of the non linear
serodynamics.

2. MODEL 1. REPRESENTING THE CLASSICAL
AIRCRAFT WITH A FLEXIBLE WING

An attempt is made in this model to illustrate some of the main ideas regarding
wing distortion on a conventional aircraft consisting of separate wings, fuselage and
tail unit. It is assumed that the wings, fuselage and tail are all rigid, but that
the mounting of the main wings to the fuselage is elastic, allowing the wings to have
the single degree of freedom of twist only, The torsional stiffness of the wing (of
area S, ) relstive to the fuselage is denoted by m, (1b ft/rad) . The incidence of
the fuselage is denoted by o . The angular distortion of the wing relative to the
fuselage is denoted by & , assuming that & = 0 corresponds to the unloaded
equilibrium attitude. This configuration is shown in Figure 1.

For the purposes of this model it is assumeh that Cp, is zero. This assumption
will not invalidate the qualitative conclusions derived from this model. Therefore
in steady trimmed level flight

1
Wing Lift = L, = W(—1—) = Kov?g s, (@ +6) (n
Tail Lift = =W by 2)
B LT l' + lT
Torsional Distortion = 8 = E"—Of (¢))
.0
2

Fuselage Incidence = = l;" 1- AoV Byecs, (4)

KPV s"o lo

(The notation is given in Fig.1). FPFrom the expression for the tail 1lift Ly the
elevator angle to trim can be calculated. Thus in this model the angular distortion
6 1is independent of speed but the fuselage incidence a decreases with speed.

Thus from a trim point of view wing distortion is not a critical paramsster.
This is true even when more sophisticated models, representing wing flexibilities in
a more practical manner, are assumed.

" 3. MODEL 2. REPRESENTING THE CLASSICAL

AIRCRAFT WITH A FLEXIBLE FUSELAGE
‘In this model we look at the flexibility of the fuselage. Again to illustrate the
main points we consider an idealized version of the problea. The fuselage is
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represented by an elastic beam of uniform cross section and uniform weight distribution
(0 1b/ft) . The 1ifts on the rigid wing and tail (L, and Ly) together with the wing
and tail weights (l' and 't) act at the ends of the fuselage. We are neglecting the
part of the fuselage ahead of the wings and aft of the tail. The wing section is
assumed to be symmetrical (1.e. angle of zero lift is zero) with its centre line
parallel to the local fuselage centre line, i.e. the wing incidence is the same as

the incidence of the front of the fuselage. This is shown in Figure 2.

The steady trimmed level flight condition gives

L,

"

W, thol = %pViS,aga ., (5)

)]

Ly

L) + %ol

2 I-13
hpViBy 18\ 0y - Sa Sx=0 ta,m Oh

The fuselage distortion f(x) may be found by solving the differential equation
for the loaded beam with the appropriate end conditions. The main results however may
be deduced directly from physical conditions, These are (i) since L, is constant
then (a),., will be the same whether the beam fuselage is rigid or flexible, it is
independent of the beam flexibility; (1i) since the loading in the trimmed state is
independent of speed the fuselage distortion, measured relative to the axis (@) gug »
is independent of speed. Thus from a trim point of view fuselage flexibility is not
a critical parameter.

4. NODEL 3. REPRESENTING THE CLASSICAL
AIRCRAFT WITH A FLEXIBLE TAIL

To complete our analysis of the conventional configuration we should discuss the
distortion characteristics of a flexible tail plane. For this model we take a rigid
wing (symmetrical section, gero angle relative to fuselage), rigid fuselage and &
rigid tail plane with a flexible mounting of torsional stiffness My. (1b ft/rad)
between the tail plane and fuselage. This is shown in Figure 3.

In steady trimmed level flight

L 2
L, = ¥ e = KpVi8 a0 (7)
v
l
by =¥ =1 ° Bovisy (s, [at8-€) +a,m . ®
v T : :

The structural equilibrium of the tail is given by

Lyec - My = my0 \ 9




where is the moment about the tail aerodynamic centre (+ nose down) due to the
elevator deflection 7 defined by

My = %oViSpeqmy (10)

The effect of I.l. on the overall equilibrium conditions is usually neglected. The
substitution of equations (9) and (10) into Equation (8) gives the elevator angle to
trim.

[Ly - %0V28g8,a (1 - de/3a)] (My - N4V’ Spcpn, 0/a,)
%oV 8, My - hoViBycpa m/a,)

(11

where

. ea, Ly
A= —= 5
B Ly - 5pVi S8, a(1 - d¢/ da)

The elevator angle to trim tends to infinity as V — Vc where

v, = u * (12)
¢ - %pSpcpa m/a,

The speed Vc is therefore the maximum speed theoretically possible for trimmed level
flight. Alternatively, if the elevator effectiveness for trim is defined as the
elevator required to tria (i.e. Equation 11) divided by the elevator required to trim
with a completely rigid tail (i.e. Equation 11 with my, infinite), then V., is the
speed at which there is no control effectiveness to trim. This is sometimes referred
to as the ‘elevator reversal speed’ but this definition is not really admissible since
the aircraft cannot attain the speed at which it cannot be controlled, and so the
concept of reversal of control, which implies flight through the critical region,

is not relevant.

Note that when A = 1 there is no loss of control effectiveness except at the
critical speed V, . Therefore from a trim point of view tail flexibility is the
critical parameter which determines the overall aerocelastic limiting conditions for
this controlled condition of flight.

5. MODEL 4. REPRESENTING AN INTEGRATED AIRCRAFT

We now consider an idealized integrated system in which the wing, fuselage and
teil are combined together, as they wonld be for a slender configuration with the
aerodynamic loading distributed over the whole of the length. We take as our model
a simple beam of uniform cross-section (uniform bending stiffness distribution EI,
uniform weight distribution o 1b/ft, total length | ) under a simplified linear
serodynamic load distribution which is assumed to be KpV2a (x) , where a(x) is
the local incidence and K 1is taken to be constant. To simulate the force on the
elevator control, a force P is applied at the trailing edge of the system, ensuring

e



that the overall equilibrium conditions (Lift = Weight, Moment = 0) are satisfied.
This system is shown in Figure 4.

In steady trimmed flight the distortion function y(x) satisfies the differential
equation

EIylY = -o-Kkpviy’ (13)
The boundary conditions are
Y| gmo = ¥"gae = vl = 0 (14)
P
y"’ - = - — 15
le EI (15)

It can be shown that any solution of Equation (13) which satisfies the boundary
conditions (14) and (15) automatically satisfies the overall equilibrium conditions.

The solution of Equation (13) is

o V3 V3
¥y = a(x) = 2 AerE + oAz (B cos = Ax + Csin —3M> (16)
KpV 2 2
where
KpoVv?
AN o= . 17
- (17)

and A, B and C are arbitrary constants. The substitution of Equation (16) into
the three boundary conditions (14) gives three simultaneous equations for A, B and
C (the coefficients of which depend on A ). Thus the general solution is

A =B =¢C=0

except at a critical velocity Vc . corresponding to the value of A when the
determinant of the simultaneous equations is zero. At this speed A, B and C are
indeterminate, although B and C can be found in terms of A .

Equation (15) gives the control force P once the distortion is calculated. Thus
in general P is zero except at V=V_ where P depends on the coefficient A
(assuming that B and C have been calculated in terms of A ). .

Therefore, for this model in the trimmed state there is no distortion until a
critical speed is reached when a distortion can exist, depending on the size of an
arbitrary control force P . The absence of distortion for speeds below Ve, 1is
explained physically in the present model by the fact that the 1ift distribution
exactly balances the weight distribution. In order to deduce further information
from the model it is necessary to alter this balance of serodynamic and weight
loadings. This may be done by modifying the uniform weight distribution in this model




(as shown in Fig.4) to an asymmetric weight distribution. If it is now assumed that
the weight distribution is taken to be

. x
o = ao( - —) (18)
P

then the distortion function y(x) satisfies the differential equation

X
EIylY = -ao( - ;>- Koviy’ (19)

The boundary conditions are the same as before, i.e. Equations (14) and (15). The
solution of Equation (19) .1is

2 - x/1 V3 V3
o= am = DG XDy Gcos S+ cm—g (20)
KoV 2 2

where A 1is the same as before (i.e. Equation 17). The substitution of Equation (20)
into the boundary conditions (14) again gives three simultaneous equations for A ,

B and C which in this case gives finite non-zero values for these coefficients for
each value of speed (or A ). The control force P can then be determined by sub-
stituting these known values of A, B and C into Equation (20) and then satisfying
condition (15). However, A, B and C increase as A approaches the critical
value at which the determinant of coefficients of A, B and C in the simultaneous
equation is zero. At the critical speed Vc the distortions tend to infinity as the
control force P becomes very large.

It is noted that the critical speed is the same for both the weight distributions.
Therefore the critical speed is independent of the weight distribution but the control
effectiveness to trim below this critical maximum trim speed depends on the out-of-
balance of the aerodynamic lifting and weight distributions.

It could be argued that the aeroelastic effects associated with the tail flexibility
on conventional aircraft are similar to the overall effects of the whole of the
integrated slender aircraft.

6. THE SLENDER CONFIGURATIONS

The previous simplified models have given a qualitative idea of the main sero-
elastic effects which we might expect to occur. At this stage therefore it is
necessary to extend these models, especially those representing the integrated
configurations, to incorporate the particular features of the slender aircraft, both
structurally and serodynamically. The slender configuration is shown in Figure 5,
together with the associated notation.

It is assumed that this aircraft will bend as a beam. For a given structure the
bending stiffness distribution EI(x) and the lengthwise weight distribution w(x)
are assumed to be known. The main difficulty at this stage is the general lack of
knowledge of the serodynamic loading on streamwise cambered slender wings. However,
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it is assumed in this Report that the loading distribution Il(x) 1s given by the
~ equation

’

x
s(x) dx (21)
o

d
l(x) = pv’; [ws’(x)a(x) + 4a.(x)|a.(x)|j

for the. general shape wing (i.e. s(x) and incidence distribution a(x) ). It is
assumed here that a = 0 1s the zero lift case. This is an intuitive approximation
based on the following observations:

&

W

e R,
SREDIE

(1) If the non-linear terms are absent (i.e. if there are no separation and
sssociated vortices) then the loading is given by lineariged slender-wing
theory which states that

d
I(x) = pvfd—x [ s2(x) a(x)]

for general distributions s(x) and a(x) .

(11) The only reliable formula incorporating the leading-edge vortices, based on
both theoretical and experimental grounds, is for plate (or symmetrical)
delta ssrofoils. This formula is

< I(x) = pv?[2wk?xa + ¢kxalal]

where s(x) = kx and a(x) = a which is constant,

Equation (21) is correct for these two particular cases and it is hoped that its
genoralized form will give a useful loading formula which represents the essential
loading characteristics of deformed slender shapes.

The Overall equilibriuam conditions whicth must be satisfied in the trimmed state
are

. .
f [(l(x) -w(x)] dx +P = 0 (22)
0

r[l(x) -wx)) [x-¢)ldx = 0 ‘ (23)
]

The differential equation for the deformed aircraft shape #&(x) is
4t d x
o3 @1A") = oV |met¥ + o |, s(x)ax| - w(x) (24)
o

with the boundary conditions

Y



d
B, = B, = = @A), =0 (25)

d
= €148")|,., = -P (28)

This Equation (24) may be regarded as a third-order equation for the incidence
distribution a(x) satisfying the three boundary equations (25). From this solution
the control force P for overall equilibrium is then calculated from Equation (26).
On integration, applying the appropriate boundary conditions Equation (24) becomes

£ ' £ . .
BIa/(§) = -pV’c’[ [m'(ﬁ)a(ép +4a(§,)|a(§,)|f ‘s@) 2| af, (an
[] 0

EfE, . .
+c’[[ w(§) &, o
0 Jo

where £ = x/c

with the boundary condition

'
o

Ela'

.. (28)
Equation (27) is completely general, and it can be solved for any distribution

BI , w(€) , s(£) etc. by a simple step by step procedure from £ =0 to £=1,

However, to illustrate the main qualitative trends from this equation we shall
concentrate once again on some simple slender models. These are taken to be slender
flat plates, first a simple delta and the second a gothic outline. Although these
plates do not have the type of distributions of weight and stiffness which are
expected in a typical supersonic project they are, at least, consistent in their
relationship between stiffness and weight and they will show the main asroelastic
trends of distortion in trimmed flight.

7. SLENDER DELTA PLATE VWING
We now consider the simple case of a slender delta wing of constant thickness ¢
and specific weight o per net area (1b/ft?) trimmed for level flight by a comtrol
force P at the trailing edge. In this case therefore
8(x) = Kx = Kof (29)

The substitution of the appropriate stiffness and weight distributions into the
differential Equation (28) gives




‘ .
2 A g3
0

where

o
H

3
67 (1 - v’)(—plIX3,> K
E /\t
[~ (4]
1 -vH (=) - '
L 6 ( V)(E>(tj

The boundary condition (28) is

=
1}

al(l) = o0 (31

We may consider this problem in two parts, namely with and without the non-linear
part of the aerodynamic loading, that is, considering the problem in the presence of,
and in the absence of, the leading edge vortices.

(1) Linear Aerodynamics .
The differential equation in this case is
f A 53

ba! = -Al £ 2adf, + -5 (32)
0

and a(f) must satisfy the end condition given by Equation (31). The first obvious
solution which satisfies the boundary condition is that a 1is constant and is given

by

a = =4 (33)

This solution, however, is not unique. This is shown by obtaining the general series
solution of Equation (32), which is

/23 Af‘ A2£9 >

R R Vi o A oo
Boundary condition (31) gives

1 A A?
Ry - Ay) (3 rUrid 3‘.6’.9) =0 (34

Thersfore a is constant, given by Equation (33), except at the critical speed
(or A ) when the second bracket in Equation (34) is zero, and at this speed a, 1is

.
i
5
|3
;
i
:.
¥
:
&
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arbitrary. This implies that the control force P is zero except at the critical
speed where any control force P may be applied, keeping the plate in trim.

This problem is therefore equivalent to Model 4, since physically the weight and
aerodynamic 1ifting distributions again exactly balance. The critical speed from
Equation (34) is given by

A = 33 (3%)

(11) Non-Linear Aerodynamics

The differential equation in this case is the full Equation (30), together with
the boundary condition (31). Again in this case a trivial solution exists giving a
constant, where a 1s given by

2|al A,
all +TT? = T (36)

Physically this is because the presence of the vortices, according to the present

aerodynamic assumption (i.e. Equation 21), do not alter the distribution of loading;
they only increase the intensity of loading. 8o the plate takes up a smaller angle
of incidence, without distortion. And again solution (36) is not unique. A series
expansion can be applied, assuming a > 0 for 0<& £< 1, giving a solution of the

-following form
. 2

The boundary condition (31) gives the result that
2 . .
[Aa.oé %‘?—l - A,] F/ (1,4, A;. a) =0 (38)

Therefore,at each speed, in addition to the solution (36), there is the possibility
of another distortion shape if

PP(LAA,a) =0 , (39)

There seems to be at least one simple solution of Equation (39) so that in general at
each speed there appear to be two distinct positions of equilibrium. As the speed
increases these two distortion shapes merge together until a certain speed is reached
at which both distortion shapes coincide. Above this speed the two distortion shapes
diverge from each other. This speed at which the two shapes coincide might be
regarded as a critical speed, near which the aircraft would tend to jump from ome
position of equilibrium to the other, assuming that both positions of equilibrium are
stable. It could be argued that, in the region of this critical speed, if ome
position of equilibrium is stable and the two positions gradually coincide with
increase of speed the other position ot equilibrium is stable. This question of
stability cannot be resolved at this stage and requires further investigation before
a definite conclusion may be reached about the relationship of these positions of
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equilibrium. In this Report we have only established their existence. The critical
velocity of this plate, from Equation (38) comes out to be

A = 191 (40)

It 1s interesting to note the low value of this speed compared to the critical speed
in the absence of the leading-edge vortices (Equation 35).

The equilibrium shapes at A = 16.5 and A = 22 are shown in Pigure 6.

8. SLENDER GOTHIC PLATE VWING

This gothic plate wing is shown in Figure 7. Again this problem was investigated
with and without the non-linear aerodynamic terms; in this problem the step by step
numerical techniques, mentioned earlier, had to be applied. The results are
summarized below.

(1) Linear Aerodynamics

The maximum trim speed in this case is given by
A = 445 ' (41)

The variation of the equilibrium shapes of the wing at values of below the critical,
together with the variation of control force, are shown in Pigure 8.

(i1) Non-Linear Aerodynamics

It v3s found in this case that at low values of A two positions of equilibrium
are apparently possible. This is a similar result to the delta plate. At a critical
speed, given by

A = 21.6 (42)
both positions of equilibrium coincide to a single position. Above this critical
speed no positions of equilibricm are apparently possible. Shapes of equilibrium are
shown in Figure 9.

9. CONCLUSIONS

The main conclusions regarding the sercelastic effects in trimmed level flight may
be summariszed as follows:

(1) On a conventional aircraft it is primarily the tail flexibility which is
responsible for the loss of control effectiveness to trim resulting in a
saxisus tris speed.

(11) The assusption of linear asrodynamics on an integrated aircraft results in
a loss of control effectiveness to trim with increasing speed, giving a
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maximum trim speed (i.e. zero control effectiveness) at which the dis-
tortion of the whole airframe is very large. This limiting or critical

speed is independent of the weight distribution, but the control effectiveness
effectiveness to trim depends on the out-of-balance of the aerodynamic and
weight distributions.

(i11) Prom the assumption of non-linear aerodynamics on an integrated aircraft it
appears that at low speeds two independent positions of equilibrium exist.
These two modes of distortion coincide at a certain critical speed. Above
this critical speed there may be either two positions of equilibrium or no
positions of equilibrium. The nature of this critical speed has not been
satisfactorily explained in this Report; this can only be done by reference
to the stability of the various modes of equilibrium. This investigation
is at present under consideration.

It is interesting to note that the critical speed with non-linear aerodynamics is
considerably less than the critical speed with linear aerodynamics. This may be
relevant to the current ideas on the performance of slender aircraft when the cruise
condition is designed to have little or no flow separation at the leading edges so
that the cruise is determined by linear aerodynamic considerations, whereas the off-
cruise condition will have to contend with the effect of leading-edge vortices, that
is the effects of non-linear aerodynsmics,

Finally, this paper is an introductory attempt to understand some of the fundamental
principles of aeroelasticity relating to the integrated aircraft. The approach
advocated in this paper, of studying simple models, produces the general background
which is desirable before any detailed design work is entered into.
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Pig.8 Equilibrium shapes of gothic plate - linear asrodynamios
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DISCUSSION

G.H. Lee (U.K.): Mr. Hancock has shown that with linear aerodynamics a flat plate of
gothic planform can have, in general, two different equilibrium shapes, though at a
certain speed these two shapes are thé same. However, with non-linear aerodynamics
no solution is possible at speeds beyond that for which the two shapes coincide;

he therefore calls this a critical speed.

Since the difference in these two cases is due to the incorporation of non-linear
terms, I should like to know if Mr. Hancock has any idea as to how sensitive this
speed is to the type of non-linear terms incorporated. In other words, would you get
similar critical speeds with different but reasonable non-linear theories, or is the
critical speed going to be very sensitive to the type of theory used?

Reply by Author: Pirst, I must correct the misapprehension gained by Nr. Lee from
my lecture; . with linear serodynamics there is only one position of equilibrium at
each speed, it is only with non-linear aerodynamics that there arises the possibility
of more than one position of equilibrium. However, my paper is intended to be only a
qualitative introduction to the type of aeroelastic phenomena which may arise on
slender aircraft in the presence of non-linear aerodynamic forces; such critical
speeds will occur with other assumptions for the non-linear aerodynamic loading
although it is premature at this stage to give reliable quantitative assessments of
these critical speeds. It should be remembered that quantitative results depend not
only on & more reliable knowledge of the non-linear serodynamics but also on more
realistic estimates of the structural and inertial loadings.

H.H.B.M. Thomas (U.K.): Regarding Mr. Lee's question to Dr. Hancock, the point to
note is that linear aerodynamics leads to the cruise as the critical condition
sercelastically with the flight path plan proposed for such aircraft. The query
raised by the present paper is whether off-design condition at larger incidence may
not be more critical because of non-linear merodynamics. I am sure Dr. Hancock will
agree that his paper points to the existence of a possible problem rather than an
assessmnt of the severity of the problem in an actual design.




TGk e o il GO e g =

ADDENDUNM

AGARD SPECIALISTS' MEETING
on

STABILITY AND CONTROL
Complete List of Papers Presented

Following is a list of the titles and authors of the 41 papers presented at the
Stability and Control Meeting held in Brussels in April, 1960, together with the
AGARD Report number covering the publication of eacl: paper.

INTRODUCTORY PAPERS

The Aeroplane Designer’s Approach to Stability and Control, by :
G.H.Lee (United Kingdom) .e . o - . . . Report 334

The Missile Designer’s Approach to Stability and Control Problems, by
M. W.Hunter and J.W.Hindes (United States) .. . o o Report 335
DESIGN REQUIREMENTS

Flying Qualities Requirements for United States Navy and Air Force
Aircraft, by W.Koven and R.Wasicko (United States) .. e . Report 336

Design Aims for Stability and Control of Piloted Al.rcraft by
H.J.Allwright (United Kingdom) . . .o . .o . Report 337

Design Criteria for Missiles, by L.G.Evans (United Kingdom) .. Report 338

AERODYNANIC DERIVATIVES

State of the Art of Estimation of Derivatives, by H.H.B.M.Thomas
(United Kingdom) . . . . .o . . . Report 339

The Estimation of Oscillatory Wing and Control Derivatives, by
W.E.A.Acum and H.C.Garner (United Kingdom) . .o .o e Report 340

Current Progress in the Estimation of Stability Derivatives, by
L.V.Malthan and D E.Hoak (United States) .e .e . . Report 341

Calculation of Non-Linear Aerodynamic Stability Derivatives of
Aeroplanes, by K.Gersten (Germany) . e . e . Report 342




Estimation of Rotary Stability Derivatives at Subsonic and Transonic
Speeds, by M.Tobak and H.C.Lessing (United States)

Calcul par Analogie Rhéoélectrique des Dérivées Aérodynamiques d’une
Aile d’Envergure Finie, by M.Enselme and M.O.Aguesse (Prance)

A Method of Accurately Measuring Dynamic Stability Derivatives in
Transonic and Supersonic Wind Tunnels, by H.G.Wiley and A,L.Braslow
(United States) .. . .o .

Mesure des Dérivées Aérodynamiques en Soufflerie et en Vol, by
M.Scherer and P.Mathe (France) .

.o (X} .o .e

Static and Dynamic Stability of Blunt Bodies, by H.C.DuBose
(United st‘te') LR L) e e .. .0

AEROELASTIC EFFECTS

Effects of Aeroelasticity on the Stability and Control Characteristics
of Airplanes, by H.L.Runyan, K.G.Pratt and F.V.Bennett (United States)

The Influence of Structural Elasticity on the Stability of Airplanes
and Multistage Missiles, by L.T.Prince (United States) . .

Discussion de deux Méthodes d’Etude d’un Mouvement d’un Missile
Flexible, by M.Bismut and C.Beatrix (France) . . .

The Influence of Aeroelasticity on the Longitudinal Stability of a
Swept-Wing Subsonic Transport, by C.M.Kalkman (Netherlands) .. ..

S\;Jne Static Aeroelastic Considerations of Slender Aircraft, by
@.J.Hancock (United Kingdom) .. . .. .. oo .. .

COUPLING PHENONENA

Pitch-Yaw-Roll Coupling, by L.L.Cronvich and B.E.Amsler (United States)
Application du Calculateur Analogique & 1’Etude du Couplage des
Mouvements Longitudineaux ¢t Transversaux d’un Avion, by P.C.Haus
(“l‘lu) . .e LX) . .0 .s LX) . (¥ .o
Influence of Deflection of the Control Surfaces on the Free-Flight

Behaviour of an Aeroplane: A Contribution to Non-Linear Stability
Theory, by X.Hatfer (Germany) .. . . . . . .

STABILITY AND CONTROL AT RIGR LIPT
Low-Speed Stelling Chareiteristics, by J.C.¥Wimpenny (United Kingdom)

t

Report 343

Report 344

Report 343
Report 346

Report 347

Report 348
Report 349
Report 350
Report 351
Report 852
Report 353
Report 35¢

Report 388

Report 356




Some Low-Speed Problems of Htgh-Speed Atrcraf t, by A.Spence and
D.Lean (United Kingdom) . . . . .o .

Factors Limiting the Landing Approach Speed of an Airplane from
the Viewpoint of a Pilot, by R.C.Innis (United States) .. e

Post-Stall Gyrations and Their Study on a Dtgttal Computer, by
S.H.Scher (United States) .. . .o . .
THE APPLICATION OF SERVO-MECHANISNS

The Place of Servo-Mechanisms in the Design of Aircraft with Good
Flight Characteristics, by K.H.Doetsch (United Kingdom) .. .

Effects of Servo-Mechanism Characteristics on Aircraft Stability
and Control, by F.A.Gaynor (United States) .. . .

Les Comwmandes de Vol Considérées comme Formant un Systéme Asservi,
by J.Grémont (France)

Determination of Suitable Aircraft Response as Produced by Automatic

Control Mechanisms, by E.Mewes (Germany)

An Approach to the Control of Statically Unstable Manned Flight
Vehicles, bty M.Dublin (United States) .. .o . .s .

THE USE OF SINULATORS

The Use of Piloted Flight Simulators in General Research, by
G.A.Rathert, Jr., B.Y.Creer and M.Sadoff (United States) .. .

Simulation in Modern Aero-Space Vehicle Design, by C.B.Westbrook
(United States) . o .o . . o o oo

Mathematical Models for Missiles, by W.S.Brown and D.I,Paddison
(United Kingdom) . . . o . . . .

In-Flight Simulation - Theory and Application, by E.A.Kidd, G.Bull

and R.P.Harper, Jr. (United States) . . .o .e .o

DEVELOPNENT TECENIQUES

Application of Analytical Techniques to Flight Evaluations in
Critical Control Areas, by J.Weil (United States) .. e .

Investigation on the Improvement of Longitudinal Stability of a Jet

‘Aircraft by the Use of a Pitch-Damper, by R.Mautino (Italy) ..

Report 357

Report 358

Report 359

Report 360

Report 361

Report 362

Report 363

Report 364

Report 365

“Report 368

Report 367

Report 368

Report 369

_ Report 370




Méthodes Utilisées pour la Mise au Point de l’Avion Bréguet 940 &
Ailes Soufflées, by G. de Richemont (France) .. e e .
TURBULENCE AND RANDOM DISTURBANCES

Theory of the Flight of Airplanes in Isotropic Turbulence; Review
and Extension, by B.Etkin (Canada) .. . . . .

The Possible Effects of Atmospheric Turbulence on the Design of .
Aircraft Control Systems, by J.K.Zbrozek (United Kingdom) .. .

L’Optimisation Statistique du Guidage par Alignement d’un Engin
Autopropulsé en Présence de Bruit, by P.LeFevre (France) .. .

Report 371

Report 372

Report 373

Report 374
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Organisation du Traité de 1'Atlantique Nord
64, rue de Varenne — Paris 7 eme
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AGARD Distribution List

Category II: "Not for Sale" Publications

COUNTRY ADDRESS NO. OF COPIES

BELGIUM Centre National 4'Etudes et 25
de Recherches Aéronsutiques
11, rue d'Egmont, Bruxelles

CANADA T.I.L.—Ministry of Aviation 30
B Leysdown Road
Mottingham
London, S.E.9
Attn: Mr. F. G. Waite

DENMARK Danish Defence Research Board 10
@sterbrogades Kaserne

Copenhagen &

FRANCE ONERA (Direction) 90
25, avenue de la Division Leclerc
Chitillon-sous—Bagneux, (Seine)

GERMANY Deutsche Gesellschaft fur Flugwissen- 90
schaften ’
Zentralstelle fur Luftfahrtdokumenta-
tion und Information
Munchen 64, Flughafen
Attn: Dr. H. J. Rautenberg

GREECE Greek Nat. Def. Gen. Staff 10
B. MEO
Athens

ICELAND Director of Aviation 3

c/o Flugrad
ReykJjavik

ITALY Ufficio del Generale Ispettore del Genio 85
Aeronautico
Ministero Difesa-Aeronautica
Roma

LUXEMBOURG obtainable through Belgium




NETHERLANDS
NORWAY

PORTUGAL

UNITED KINGDOM

UNITED STATES

AGARD

Retherlands Delegation to AGARD
Michiel de Ruyterweg, 10
Delft

Norway Defence Research Establishment
Kjeller per Lillestrom
Attn: Mr. 0. Blichner

Direccao de Servico de Material da Forcas
Aerea ]

Rua da Escola Politecnica, 42

Lisboa

Attn: Coronel Joao A. de Almeida Viana

Ministry of National Defence
Ankara
Attn: AGARD National Delegate

T.I.L.

Ministry of Aviation
Leysdown Road
Mottingham

London, S.E.9 .
Attn: Mr. F. G. Waite

National Aeronautics and Space
Administration
Langley Research Center
Langley Field, Virginia
Attn: Report Distribution and
Storage Unit

64, rue de Varenne
Paris 7 eme

35¢
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30

120

400

45

*Netherlands meets demands of SHAPE Air Defence Technical Centre.
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