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N A RECENT PAPER, Holt and Strack! present a formula based
on the piston theory for determining the minimum thickness
necessary to prevent panel flutter of cylindrical shells for M > 2.
Hedgepeth? has presented a method of utilizing the piston theory
for rectangular, simply supported plates. The piston theory has
been utilized by a number of authors.3 ¢
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" Fic. 1. Flat plate
— with aspect ratio b/l
subjected to velocity
b flow.
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Consider a flat plate (Fig. 1), with the flow as shown. For a
cylindrical full panel (Fig. 2), 6 = 2xr. From Hedgepeth’s
paper,? the critical dynamic pressure A is given as

Aer =.2qa3/BD (1)
where

g = dynamic pressure = (1/2)pu?

g = V-1

D = plate stiffness = EA3/12(1 — u?)

u = Poisson ratio

M = Mach number = u/c

¢ = speed of sound

Substituting into Eq. (1) and simplifying,

Nor = pc?M2a3/DV M? — 1 (2)
Since
¢ = vP/p
then
Ner = Mla*yP/D(M? — 1)2 (3)

If one considers the cylinder to be stretched out to a plate and
if & >> [, this may be considered as a plate with an infinite aspect
ratio. From Hedgepeth,? N\, = 341. If no midplane stresses
are considered and substituting for A, and D in Eq. (3), the follow-
ing results:

b=2mnr

Fic. 2. Cylindrical
M / shell subjected to ve-
locity flow.
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M /’/ Fic. 3. Flat plate
5 subjected to wvelocity
— flow with in-plane
/ stresses.
M.
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/ /
= 0.3276 (1 — 2)1/3 ﬁ v __Lﬂi (4)
’ u E (M2 — 1)s

This compares favorably with Holt and Strack? for a cylinder
with simply supported ends—viz.,
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i ~P 1/3 Mes
Rld—Y 1 — p2)/8 | = R — 5
7 = 03218 (1 — u) <E> Gh—on®

Eq. (3) can be further extended to multilayer cylinders. Should
in-plane stresses be considered (Fig. 3), Hedgepeth? derives cer-
tain parameters namely 4 and R, where

A4 = Ry — 2(1/b)? (6)
Ry = Ry/n% = N,I*/Dx? (7
Substituting Eq. (7) into Eq. (6)
_ N2 N2
= =% _ o(/p)r = 22
A= o m 2= (8)

where N, = F/a (force/unit span and the compressive force is
considered positive).
Utilizing the same previous assumptions then Eq. (4) is modi-

fied to
n +P\V3 M2ls
L= K(1 —pg Vs [ -
! (T =u® <E) (a2 — 1)1 ®)

where X is tabulated in Table 1.

TABLE 1.

A K
—6 0.2405
—4 0.2601
-2 0.2873

0 0.3276

2 0.3977

4 0.5913

In determining the minimum thickness necessary for in-plane
stresses, calculate the effective thickness by Eq. (4). If the in-
plane stresses are low, this thickness may be sufficient. If F or
N, is large, determine 4 from Eq. (8) and determine K from
Table 1. Determine % from Eq. (9).
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