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Conclusions

Using previously developed theoretical techniques, stability
boundaries for a buckled plate exposed to a static pressure
differential have been computed and compared to newly
available experimental data. Flutter boundaries for plates
with both zero and complete in-plane edge restraint were
calculated. The effect of the static pressure differential is
stabilizing for both extremes of in-plane restraint, but is very
much more so for the case of zero restraint than for complete
restraint. The experimental data lie closest to the stability
boundary for zero restraint. All of these results are consistent
with similar calculations and experimental correlations made
previously for pressure loaded plates free of applied in-plane
loads.

The calculated flutter frequencies are not in as good agree-
ment with the experimental results as are the flutter bound-
aries. The theoretical results are complicated somewhat by
the existence of sustained oscillatory solutions in flow regimes
where normally the panel would be stable with respect to
“small” disturbances. These solutions are interpreted as
responses to large disturbances of the panel structure. Such
large disturbance oscillations differ substantially from the
linear flutter frequency only for very small static pressure
differentials (where, for a buckled plate, the flutter motion
is strongly amplitude dependent). '
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Supersonic Membrane Flutter

Davip J. Jouns*
University of Technology, Loughborough, England

1. Introduection

EFERENCE 1 has presented an interesting study of

supersonic membrane flutter by considering the flutter
of a two-dimensional plate in the presence of chordwise tensile
in~plane stresses as the plate bending rigidity approaches
zero. An asymptotic analysis using piston theory aero-
dynamies was developed based on the hypothesis of a bound-
ary layer at the plate edge and several solutions were presented
for analyses of various orders of approximation. These
various solutions all showed that as the plate thickness
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approached zero, a simple flutter criterion was obtained viz.,
[2¢/ M. )[EYa,]H2 = [£]2 (1)

where Et = E/12(1 — »?) and the other symbols have their
usual meaning.! The authors of Ref. 1 believed this to be
a crude but conservative design criterion for the prevention of
flutter of extremely thin two-dimensional plates at high
Mach numbers.

Reference 2 has shown how the results of Ref. 1 may be
generalized to include three-dimensional plates and other
effects such as spanwise tensile in-plane stresses, structural
damping, elastic foundation, orthotropicity, etc., based on
the results of several other references, e.g., Ref. 3; and for
Mach numbers from low subsonic through to high supersonic¢
if the plate is of low aspeet ratio.

The purpose of this Note is to show that the solution ob-~
tained in Ref. 1, as represented by Eq. (1), is a limiting result
obtainable by the exact analysis of Ref. 4, which is a com-
pletely general study of supersonic flutter of flat rectangular
orthotropic plates, and rather more general in its choice of
boundary conditions than Ref. 3, which also contained exact
analyses.

2, Analysis of Ref. 4

The governing differential equation for high supersonie
speed flutter of a three-dimensional plate using two-dimen-
sional static aerodynamics is given in Ref. 4 in terms of the
chordwise deflection variable X (x/a) as
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and k., k, are nondimensionalized in-plane compressive re-
sultants for chordwise and spanwise loadings N.,N, respec- -
tively. Cy,C1,C: are coefficients due to spanwise integrations
of the spanwise modal deflection Y (y/b) as indicated similarily
in Ref. 2; Dy,Dy,Dy, are appropriate rigidities of the ortho-
tropic plate. Equation (5) can be generalized further to in-
clude the effect of an elastic foundation stifiness K as in Ref.
3, but this does not directly affect the critical flutter speed
parameter A as will now be discussed.

The general solution to Eq. (2) with due consideration of
the boundary conditions at £ = 0, a, has been found in Ref.
4, and for large negative values of the parameter A (corre-
sponding to large tensile chordwise in-plane stresses) a simple
algebraic solution for \.. in terms of 4 is obtained as given
below, which is applicable to simply supported or clamped
boundary conditions on the spanwise edges z = 0,a;

Ner = [47%/3][10 — A][(4 — 4)/6]v2 (6)

The corresponding value of B.., as given in Ref. 4 in terms of

A, defines the flutter frequency and it is seen therefore that

the terms in &k, and K do not directly influence Acr.
Expanding the various terms in Eq. (6) for an isotropie

plate one obtains
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where C,/72Cy = —1 for simply supported streamwise edges
and —1.236 for streamwise edges, which are clamped.
3. Discussion

1t follows from Eq. (7) for an infinite span panel (a/b = 0)
and with D — 0, that if N, = —N,

o e s ®)
ie.,
[2¢/B0.1[EY/ 0, ]V2 = [2/3]/2 ©)
or
[29/B8] = [2/3]2[N,3/D]v? (10)

Clearly, when M > 1, 8 — M and Eq. (9) becomes identical
to Eq. (1). Thus, Eq. (6), which is derived in Ref. 4 from
an exact analysis for large negative values of 4, leads in the
limiting case of D — 0 to the result obtained by an alterna-
tive procedure in Ref. 1.

For an infinite span plate, but with D > 0, Eq. (7) can be
adapted to become

I R

[1 4 1072e][1 + 4w2e2]v2 (1)

where € = [E'/0.][h/a]? and Eq. (11) can be shown to give
the form of Fig. 2 in Ref. 1. Conversely, if N, = 0, Eq.
(7) becomes

Aol = & = [Pl + 10m22][1 + 4r%]2  (12)

where € = [Cy/2C,](b*/a?). Thus in the new notation &g,
Eq. (12) has the same form as Eq. (11) for different initial
assumptions. This was also shown in Ref. 2.

Reference 4 has shown that the solution, Eq. (6), from
which Eqs. (7=12) have been obtained, is a very good ap-
proximation to the results for simply supported spanwise
edges for small negative values of A4 but is less good for
clamped edges. The corresponding exact results for all
negative A as given in Ref. 4 have been considered in terms
of the terminology &,¢, and it is worth noting that the curves
thus obtained for simply supported and clamped spanwise
edges, respectively, agree with those presented in Fig. 1 of
Ref. 2

4. Conclusions

The exact analyses of Ref. 4 have been shown to agree
with those of other references—in particular those of Refs.
1-3 for three-dimensional plates at high supersonic Mach
numbers. For membrane-type plates in which D — 0 and
in the presence of large tensile chordwise in-plane stresses,

[2¢/8] = [2/31*[N.¥/ D] (10)

This appears preferable to that given in Ref. 1 and Eq. (9),
in that the quantities N, and D are probably more easily de-
fined than o, and E'. This is so because N. is dependent
only on the external loading and only D is dependent on the
material selected. For many membrane materials the de-
termination of E! from the bending rigidity D would require
an estimation of the effective thickness &, as would o, from
N.. TFor a given material and flight condition, the required
value of N to ensure stability is given from Eq. (10) by

N. = §D"3[2¢/B]* (13)
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Influence Coeflicients for Pressurized

Cylindrical Shells of Finite Length
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N this Note the influence coefficients for thin-walled
cylindrical shells of finite length subjected to uniform

internal pressure and axisymmetric edge loads are presented.
Only the final results are given here; the details of the deriva-
tion may be found in Ref. 1. Both cases, in which the edge
loads are symmetric or antisymmetric with respect to the
central cross-sectional plane of the cylindrical shell are
considered. The nonlinear coupling effect of the pressure
loading and edge loads is taken into account.

The equations governing the stresses and deformations of
a cylindrical shell under internal pressure and axisymmetric
edge loads are those given by Nachbar.? In the derivation
of the equations, the secondary state direct stresses due to the
axisymmetric edge loads are assumed to be a small perturba-~
tion on the primary state direct stresses or membrane state of
stress due to the uniform internal pressure.

With the usual notations (Figs. 1 and 2) and with the
following definitions

£ = o h)m (20 — e X = o h)muza — )4
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‘where a is the radius, 21 is the length and & is the thickness

of the cylindrical shell; the governing differential equation
can be written as

(d*w/dg") — 2p(dMw/dE*) + w = 0 @)

where p is the pressurization parameter defined in Eq. (1).
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