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Random Vibration Analysis of Stiffened
Honeycomb Panels with Beveled Edges

J. Soovere*
Lockheed-California Company, Burbank, California

A semi-empirical theory is presented for predicting the dynamic strains in the face sheets of honeycomb panels
subjected to random acoustic loading. The honeycomb panels are constructed with beveled edges that terminate
in a solid panel edge strip around thé panel periphery for ease of attachment to the substructure with
countersunk fasteners. It is shown that the rotation of the beveled edges introduces a linear dynamic membrane
strain into the inner face sheet superimposed on the bending strain. Furthérmore, the extensional stiffness of the
beveled edge closeout pan is shown to provide the dominant contribution to the honeycomb core shear stiffness
exceeding that of the core alone by almost an order of magnitude. Good agreement is obtained between the
predicted and measured strains, the latter taken from existing test data representing a wide range of honeycomb

panel dimensions.

Nomenclature

a,b =panel overall length and width, respectively

a,b =equivalent panel length and width, respectively

B.B,, =inner and outer face sheet strain parameters
defined by Egs. (44) and (45), respectively

b,b; =equivalent honeycomb beam length and inner
face sheet length, respectively

c =speed of sound in air

E,E, =Young’s modulus of both face sheets and of the
closeout pan, respectively

f, =natural frequency of the m,nth mode

G,G’ =actual and equivalent shear modulus, respec-
tively, of the honeycomb core

Gy =constant power spectral density of the random
acoustic excitation

h =honeycomb core height

Jor =direct joint acceptance for thé m,nth mode

K’ =shear-related parameter, Eq. (33) .

{ =small part of the solid panel edge width (Fig. 6)

L, =length of the closeout pan

M =mass per unit area of honeycomb panel, Eq. (3)

My =Dbending moment at beveled edge

m,n =mode number parallel to the x and y axes, re-
spectively

q.q9’ =shear stress and equivalent shear stress, respec-
tively

r = subscript denoting the m,nth mode

s =solid panel edge width

T4, Th =unreacted forces per unit length at beveled edge

of honeycomb beam (Fig. 7)

7.7, =in-plane forces per unit length in the inner and
outer face sheets, respectively, at the beveled
edge of honeycomb beam

T,.T, =in-plane forces per unit length in the solid panel
edge and pan, respectively, of honeycomb beam
T(») =variable in-plane force in the inner face sheet of

honeycomb beam parallel to the y axis
=thickness of each face sheet, each adhesive layer,
and the pan, respectively
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u, v, w =displacement parallel to the x, y, and z axes,
respectively (Fig. 3)

v(y) =variable in-plane displacement of inner face
sheet of honeycomb beam parallel to the y axis

w, =modal intensity for nth mode of honeycomb
beam

w,(x,)) =mode shape of horieycomb panel m,nth mode

X, )2 =coordinate axes (Fig. 3)

YB =shear angle of the honeycomb core at the
beveled edge

y(») =variable shear angle of the honeycomb core

6, =viscous damping ratio of m,nth mode

0,,0p = lateral displacement of panel edge and corner of

beveled edge, respectively (Fig. 7)
=general expression for the root-mean-square
(rms) strain
e(y) =variable in-plane strain in the inner face sheet of
honeycomb beam parallel to y axis

é(x,y)

€B0rEpi =inner and outer face sheet strain, respectively, in
honeycomb beam due to bending

€ris€Mo =membrane strain in inner and outer face sheets
of honeycomb beam with extensionally rigid
pans

€ate =membrane strain at the cernter of the inner face
sheet with extensionally flexible pans

€ =in-plane strain in the pan of honeycomb beam

€.(x¥) =modal strain in honeycomb panel

€y =modal surface strain at panel center parallel to
the y axis

€pei =inner face sheet rms strain, including membrane
strain, at center of panel parallel to the y axis

v =face sheet Poisson’s ratio

PadsPr-Py =density of the adhesive, the honeycomb core,
and the face sheets, respectively

=beveled edge angle

=rotation of the honeycomb beam at the beveled
edge and at the end of a short length of the solid
panel edge, respectively (Fig. 7)

X
¢A: ¢o

Introduction

ONEYCOMB panels are often used in lightly loaded

areas on aircraft, such as fairings, wing trailing-edge
structures, and control surfaces. These honeycomb panels are
usually constructed with beveled edges that terminate in a
solid panel edge strip around the periphery of the panel (Fig.
1) for ease of attachment to the substructure with fasteners.
Some of these panels are located in areas of the aircraft
subjected to a high-level jet noise environment. This broadband
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Fig. 2 Typical inner face sheet fatigue crack in honeycomb panel.?

random jet noise has produced high cycle fatigue failures in
these panels! along the fastener lines and in the face sheets,
usually the inner face sheet (Fig. 2), by exciting the panels at
their dominant resonant modes. The dominant response is
usually obtained in the fundamental panel mode.

The current semiempirical method® for predicting the
root-mean-square (rms) stresses (and strains) in honeycomb
panels subjected to random acoustic loading is based on
clamped edges, a fundamental single-mode response, and a
fully correlated acoustic field over the panel surface. In this
method, the theoretically correct exponents of well-
established structural, excitation, and damping parameters
were allowed to vary in the least-squares curve fit to the test
data. The resulting exponents differed significantly from
their theoretically correct values, even when the measured
response was due to a single mode. Consequently, the above
analytical model must either be incorrect or incomplete. For
example, the theory does not explain the reason for the
higher face sheet strains being measured on the inner face
sheet of honeycomb panels with beveled edges.?

This paper presents a semiempirical theory for predicting
the rms strains in the face sheets of stiffened honeycomb
panels when subjected to random acoustic loading. The
theory includes the effect of beveled edges on the honeycomb
panel strain distribution. The analysis is restricted to
honeycomb panels, with isotropic face sheets, exhibiting a
predominant fundamental mode response. An extension of
this theory, for predicting the rms strains in the honeycomb
panel edges, is-described in Ref. 4.

Honeycomb Panel Natural Frequencies

It was shown by Sweers® that the natural frequencies of
rigidly mounted honeycomb panel modes could be predicted
with reasonable accuracy using equivalent simply supported
honeycomb panel thoery in which the honeycomb core is
assumed to be infinitely stiff in shear. These honeycomb
panels are also assumed to be simply supported at the base
of the beveled edges (Fig. 1). The length ¢ and width b of
such an equivalent simply supported honeycomb panel are
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Fig. 3 Honeycomb panel coordinate axes.
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Fig. 4 Comparison of predicted and measured fundamental mode
natural frequency of stiffened aluminum honeycomb panels.

related to the overall length ¢ and width b by
a=ad—2s, b=b-2s 48]

where s is the width of the solid panel edeges. The expression
for the m,nth mode natural frequency of the equivalent
simply supported honeycomb panel, with isotropic face
sheets and honeycomb core that is infinitely stiff in shear, is
given in Hz by

gl () () bt @

where M, the mass per unit area, is
M=2p5t+p.h~+2p,als (3)

and & and p, are the height and density, respectively, of the
honeycomb core; 7, p,, E, and v the face sheet thickness,
density, Young’s modulus, and Poisson’s ratio, respectively;
t,a and p,, the adhesive film thickness and density, respec-
tively; and m and » the mode numbers in the panel length
and width directions, respectively. The coordinate axes are il-
lustrated in Fig. 3.

The fundamental mode natural frequencies predicted by
Eq. (2) appear to be in good agreement with the measured
frequencies for the wide range of honeycomb panels in Refs.
2, 5, and 6, as illustrated in Fig. 4. The use of the empiri-
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Fig. 5 Comparison of predicted and measured aluminum honey-
comb panel center rms strain due to random acoustic loading.
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Fig. 6 Typical variation of inner and outer face sheet strains at
resonance with discrete frequency acoustic pressure.

cally derived equivalent simply supported mode shapes has
both simplified the theory and enabled existing expressions’
for the generalized force of acoustically excited simply sup-
ported panels to be used in the subsequent analysis. The con-
cept of equivalent simply supported panels is not new, hav-
ing previously been used by a number of authors.30

Face Sheet Strain Due to Random Acoustic Loading

The theory for predicting the response of a simply sup-
ported panel to random acoustic loading is well estab-
lished.”'2 Consequently, only the final forms of the equa-
tions are included in this paper. In many acoustic fatigue test
reports, the rms strains are listed only at the failure loca-
tions. In the honeycomb panels, tested in Ref. 2, the face
sheet failures occurred primarily in the inner face sheets
parallel to the longest panel sides (see Fig. 2). The critical
rms strain was measured at the panel center, parallel to the y
axis (Fig. 2). Consequently, expressions for the rms strain
are developed in this paper primarily for this location.

The general expression for the rms strain é(x,y) of a panel
exhibiting a single mode response to a random excitation
with a constant power spectral density G, is

G, e(xy)jin
4 } )

20'M2 5,
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where ¢,(x,y) is the modal strain, j,, the direct joint accep-
tance, 8, the viscous damping ratio, and w, the natural cir-
cular frequency. For a simply supported panel excited by an
acoustic progressive wave moving parallel to the x axis,

8 {1 —cos(mm)cos(w,a/c)}

dd
{1— (w,a/mxc)?}? ©

J2 =
r
rtm*n?

=0 n even %)

where ¢ is the speed of sound in air. The modal strain
6 (x,y) in Eq. (4) is replaced by ¢, (a/2, b/2) when
measured at the center of the panel, parallel to the y axis. At
the surface of the honeycomb panel, where z= = (h+2£)/2,
this strain becomes simply

h+28\ 32w, (x,¥)
e,y(a/Z,b/2)::t( > ) 7

x=a/2
y=5b/2

LOHE

The plus and minus signs in Eq. (6) refer to the inner and the
outer face sheets, respectively, and w, (x,y) is the equivalent
simply supported mode shape given by

. nwy
w, (x,y) =sin —

sSin

M

The rigidly mounted honeycomb panels described in Refs.
2, 5, and 6 were tested in an acoustic progressive wave test
facility using band-limited constant spectrum level random
noise. The bandwidth of the random noise was selected so as
to excite only the fundamental mode (m=n=1) of each
panel. The expression for the rms strain at the panel center,
when subjected to the above excitation, becomes

(h+2t)<Gf)‘/2 1 {1+cos(2nf.a/c)}”

M N\, /) 7 (1-(2fa/c)

€y

®

1
=4+ —
2

The agreement between the measured inner face sheet
strains at the failure locations and those predicted by Eq. (8)
appears to be quite good, as shown in Fig. 5. There is,
however, a discrepancy between the inner and outer face
sheet strains, as illustrated in Fig. 6. Equation (8) over-
estimates the strain in the outer face sheet by almost a factor
of 2. Consequently, it must be concluded that the simple
theory, as represented by Eq. (8), is incorrect as it stands.

Effect of Beveled Edge on Face Sheet Strain Ratio

It is shown in this section that the rotation of the beveled
edges is responsible for introducing a linear dynamic mem-
brane strain into the inner face sheet of rigidly mounted
honeycomb panels superimposed on the dynamic bending
strain. For simplicity, the basic theory for predicting the in-
ner face sheet membrane strain is developed for a honey-
comb beam with beveled edges using the equivalent simply
supported mode shapes. A beveled edge of the honeycomb
beam is illustrated schematically in Fig. 7, just before and at
an instant of time after deflection, during bending vibration.
Lateral frame flexibility, represented by the displacement §,,
and a small section OA of length ¢ of the solid panel edge are
included for generality. The closeout pan AB and the solid
panel edge are assumed to be extensionally rigid. With an ex-
tensionally rigid pan, no core shear is possible. Rotation of
the test frame is also excluded from the analysis since it does
not affect the basic results.
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Fig. 7 Displacements, forces, and moments at the honeycomb
panel beveled edge.

A small rotation ¥, at one beveled edge and =, at the
other beveled edge during symmetric bending of the honey-
comb beam changes the length of the outer face sheet by
26 4. This change in length, represented by the horizontal
displacement of point A to A’ in Fig. 7, at each end of the
beam, is given by

264 =2(f—fcosy,—6,) = —25, ©)
Consequently, without any lateral frame flexibility, a small
rotation of the beveled edges does not produce any extension
in the outer face sheet. The only strain in the outer face sheet
is, in this instance, due to the linear bending of the honey-
comb beam, assuming small-deflection theory.

The corresponding change in the length of the inner face
sheet 265, due to a small rotation of the beveled edges, is
represented by the horizontal displacement of point B to B’
at each end of the honeycomb beam and is given by

h h
263:2{€—£cos¢0+ cosx _ heos(x+¥y) —ag}

siny sinx

=2hy, —28, (10)

where x is the beveled edge angle, /# the height of the honey-
comb core, and ¢, the small rotation of the honeycomb
beam at point A due to beam bending. Therefore, without
frame lateral flexibility, the rotation of the beveled edge pro-
duces a linear extension in the inner face sheet, even for a
very small rotation of the beveled edge.

The inner and outer face sheet strains, due to the rotation
of the beveled edges, are obtained simply by dividing the ex-
tensions in Eqgs. (9) and (10) by the corresponding face sheet
lengths. The inner and outer face sheet strains are therefore
given by

20, —26
EM,-:———L[)_ o (11)
and
2%
= 12
€Mo b—ZF ( )

respectively, where b is the equivalent beam length and b; is
the length of the inner face sheet given by

b, =b—20—2h/tany (13)

The strains in Eqgs. (11) and (12) are linear dynamic mem-
brane strains.

J. AIRCRAFT

The dynamic bending strain at the center of the beam is
required to derive the expression for the inner-to-outer-face-
sheet strain ratio. The equivalent simply supported mode
shape for the honeycomb beam is given by

w(y) =w,sin(nny/b) (14)
where w,, is the modal intensity for the nth bending mode
and # is the mode number. With rigid beveled edge pans and

therefore no core shear, Y= —0dw/dy. The surface bending
strains at the center of the honeycomb beam are

h >[32w(y):|
e [ — ) | L
B ( 2 ) G PO

h n’x?
= (~2—+t>7 w, n=1,3,5... (15)
and
h nem
630:—<"*2‘—+t TW,, ﬂ:1,3,5,-~- (16)

for the inner and outer face sheets, respectively. The cor-
responding rotation y, at the beveled edge, as shown in Fig.
7, is

aw(y):l nw nwl
= - =— — 17
Va [ T I (17

The expression for the roation in Eq. (17) can now be
substituted back into Eq. (11). The inner-to-outer-face-sheet
dynamic strain ratio is obtained by dividing the sum of the
inner face sheet membrane and bending strains by the sum

of the outer face sheet membrane and bending strains. The
positive value of the ratio is given by

)
s
)

4b o
+[ 1+ <
2t w
n=13,5... (18)

€pitEp

€Mo + €Bo

<

n

2"2}'(1 h) <1A_

Therefore, the membrane strain is shared between both face
sheets with laterally flexible edge supports. For laterally rigid
panel edge supports, this ratio reduces to

€ T €pi i 4 cos(nwl/b)
€50 nw <1+2t> (1 20 2h>
h b  btany
n=1,3,5... 19)

Equation (19) can be further simplified by aséuming that ¢
is small compared to 4 and that both A and ¢ are small com-
pared to b. Therefore,

M :1+_i..
nmw

n=1,3,5...

€Bo

=2.273 for n=1, the fundamental mode (20)
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Fig. 8 Schematic illustration of honeycomb beam deformation at
the beveled edge. ’

The above value is in good agreement with the ratio, be-
tween 2 and 2.5, quoted in Ref. 3 for the measured strain
ratios.

Other Beveled Edge Effects

On examining the forces and moments in Fig. 7, it is seen
that there is a resultant moment M 45 and an unreacted force
T} at the beveled edges, both per unit length, that are given
by

M p=T:h (21a)
and
Ty =T,sinx = T tany (21b)
where
2nwhtEcos (nTﬁ)
T,= w, (22)

2 2
o (122
b  btany

and E is the Young’s modulus of both face sheets. A doubler
(Fig. 1) is used in most honeycomb panels to resist the local
distortion produced by this moment and force. The type of
distortion obtained is illustrated schematically in Fig. 8,
based on strain measurements made on a honeycomb beam
in Ref. 2. A force per unit width 7, given by

nw nwl
Et [Zh —— €05 (———) w, ——260]
b b Er2é,

e

20 2h 27
() 6D

b btany o\l b
~Et{2n7rh " 450} 23
B » " b (23)

is also present in the solid panel edges. Consequently, the
strain produced by this force must be included in any
theory* for predicting the rms strain at the fastener line.
Since the honeycomb panel and the edge support frames
have both mass and stiffness in the lateral direction, the
honeycomb panel bending vibration is coupled to the exten-
sional vibration through Eq. (23). However, in most prac-
tical honeycomb panels, this coupling is small.

Extensional Flexibility of Closeout Pan

A shear angle can be introduced into the honeycomb core
primarily through the extension and compression of the
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pans, in the symmetric panel bending modes, excluding any
local bending effects. The pans are therefore expected to
provide considerable shear stiffness to the honeycomb core.
The outer face sheet and the panel lateral edge supports are
assumed to be rigid. These assumptions simplify the analysis
and can be justified on the basis that no membrane strain is
introduced into the outer face sheets with laterally rigid edge
supports.

Each pan, under the membrane load, is extended in length
from £, to {, +6¢,. This extension produces a shear angle vy,
at one end of the inner face sheet in a direction opposite the
rotation ¢ in Fig. 8 and an angle —+v; in the same direction
as ¢ at the other end. The extension 26 of the inner face
sheet [Eq. (10)], due to the rotation of the beveled edges, is
now given by

Cosx
25, =2t~ he, - ] @4

where the strain ¢, in the pan is equal to 6¢,/¢,. From
geometric considerations, the strain and the shear angle are
related by

€, = YpCOSXSINY (25)

The equilibrium of the forces per unit length acting at B
yields the equation

bi/2

T,cosx=T,;— SO qdy (26)

where ¢ is the shear stress and

T;=Et265/b;, T,=E,l,;e, 27
In the above equations E, and ¢, are the Young’s modulus
and thickness, respectively, of the pan.

The membrane force per unit length 7(y), at a location y
along the inner face sheet, is related to the shear stress g and
shear angle y(y) in the honeycomb core by

aT(y)
ay

=q=Gy() (28)

In the above equations, G is the shear modulus of the core.
Since

de(y) 1 3T(y) _ %

ay Et  dy ay? 29

and
v(P)=y()h (30

then
%ﬂ% v(») (31

The solution to Eq. (31) is given by
v(y) =AcoshK’y+ BsinhK'y (32)
where
G )

-]
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Fig. 9 Variation of the face sheet axial displacement along the
honeycomb beam with honeycomb core shear stiffness.

With the edge conditions
v=0 at y=>b,/2
v=+vygh at y=0 (34)

the axial displacement becomes

cosh(K’'b;72) .
=~phcoshK’'y —————— sinhK”’ 35
v(y) =vyghcoshK’y sinh (Kb, /2) sinhK’y (35)

where the shear angle v, is given by

E,t,b;cos?xsiny
2E,th

K'b; [COSh(K'b,/Z)— l:l}

2 sinh (K’ b,;/2)

YB= ¢A/{C052X +

(36)

The variation of the normalized axial displacement of the
inner face sheets, v(y)/ygh, is illustrated in Fig. 9 for
various values of the shear parameter K'b;. For a very stiff
honeycomb core, as represented by a high value of the shear
parameter in Fig. 9, the shear deformation is limited to the
edges of the honeycomb core.

The variation of the membrane strain in the inner face
sheet can be obtained from

G ¥
T =T,——-| vy G7)
0

using the relationship e(y) = T(¥)/Et. The inner face sheet
membrane strain ¢,,, at the center of the beam is obtained
from Eq. (37) by integrating between the limits 0 to b;/2.
After some manipulation, the following ratio of beam center
membrane strain to corresponding membrane strain e,,; with
rigid pans is obtained

) K'b, ( cosh(K'b,/2)— 1
_Cate _ 3{1— [cos2x+ {COS, (K" bi/2) }] Y5 } 38)
P X U sinh (K 5,72) 7,

The inner-to-outer-face-sheet strain in Eq. (20) now becomes

€pre tep; 1+ de s, (39)

€50 nTE pyi
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Fig. 10 Comparison of predicted and measured panel center inner-
to-outer-face-sheet strain ratio with extensionally flexible closeout
pans.

The experimentally measured and the theoretically
predicted [Eq. (39)] inner-to-outer-face-sheet strain ratios
for the aluminum honeycomb panels in Refs. 5 and 6 are il-
lustrated in Fig. 10 as a function of the parameters K’'b and
E,t,b;/Eth. The extensional stiffness of the pan is
represented by the parameter E,f,. The experimental data
were obtained with both sinusoidal and random acoustic ex-
citation, as described in Refs. 5 and 6.

The correlation is generally quite good. The data points
showing the greatest deviation from the theoretically
predicted values were obtained at low excitation levels and
are therefore susceptible to signal-to-noise ratio errors. The
theoretical variation of the inner-to-outer-face sheet strain
ratio with the above parameters for a 30-deg beveled edge
angle and a 508-mm inner face sheet length (b;) has been
superimposed on the above data in Fig. 10 to illustrate the
effect of these parameters.

Effective Honeycomb Core Shear Modulus
An estimate of the contribution from the pan to the shear
stiffness of the honeycomb core can be obtained from Eq.
(26). The honeycomb beam with beveled edges is replaced by
an equivalent honeycomb beam having no beveled edges but
a core with an increased core shear modulus G’. Therefore,
bi/2 by/2

ay=|" g'ay (40)

T,cosx+ g .

0

where g’ represents the equivalent shear stress given by
q'=G"[v(y)/h] 41)

On solving Eq. (40), the equivalent shear modulus
becomes

_ K'Et,cos?xsinysinh (K’ b,/2)
cosh(K’'b;/2)—1

G’ +G 42)

The variation of the equivalent shear modulus with the
nondimensional parameter K’b, is illustrated in Fig. 11 for
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especially for the aluminum closeout pans. The increased
core shear stiffness could account for the relatively good cor-
relation, Fig. 4, obtained for the fundamental mode natural
frequency with Eq. (2).

Correlation of Predicted and Measured rms Strain

The theoretically predicted inner face sheet strains in Fig.
5 have been recalculated with Egs. (8) and (39), since Eq. (8)
is applicable only to bending induced strain. The inclusion of
Eq. (39) produces an overestimate of the panel center strain
by a factor of 1.4. In the correlation between the measured
and the recalculated strains illustrated in Fig. 12, the
predicted strains have been divided by the 1.4 factor. The
diagonal line now passes through the middle of the data
points from Ref. 2. This suggests that an improvement in the
correlation has been obtained. The 1.4 factor is probably due
to the local distortion (Fig. 8) produced at the beveled edge
by the unbalanced force and moment. This local distortion
and its effect on the strain distribution are difficult to
predict theoretically.

The equation for predicting the inner face sheet strain at
the center of the honeycomb panel, after modification by the
empirical constant and the linear membrane theory, can now
be written as
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Fig. 13 Comparison of predicted and measured outer face sheet
rms strains at panel center.

where

b (s,
1 4 ( s ( w )
By=——r| 14— - (44)
1.4 mreM,.L 2N /b,
(=)
VAN

and €,,./¢€,, is given by Eq. (38). Equation (44) includes the
more accurate expression for the inner-to-outer-face-sheet
strain ratio and assumes that the panel is simply supported at
the end of the beveled edges (/=0). It also includes the effect
of frame lateral flexibility, 6,/w,. In the comparison in Fig.
12, rigid panel edge supports were assumed and the remain-
ing terms in the inner brackets of Eq. (44) were taken as unity.
The effect of this latter assumption on the predicted
strains is very small.

As a result of the good agreement demonstrated in Fig.
12, it should also be possible to predict the corresponding
outer face sheet rms strain using Eq. (43), but with E‘y
replaced by
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The predicted and the measured outer face sheet strains
are illustrated in Fig. 13. The very limited outer face sheet
rms strain data>® show good correlation with theory. The
limited amount of these test data is due to the fact that the
outer face sheet strains are usually much lower than the in-
ner face sheet strains and are therefore not recorded in test
reports beyond the initial strain review.

Conclusions

The equivalent simply supported theory provides a simple
but effective approach for analyzing the vibration response
of complex aluminum honeycomb panels. The beveled edge
closeout pan has been shown to provide the predominant
contribution to the shear stiffness of the honeycomb core.
As a result, it has been possible to predict with good ac-
curacy the fundamental mode natural frequency of stiffened
aluminum honeycomb panels, using the equivalent simply
supported theory with infinite core shear stiffness.

The rotation of the beveled edges has been shown to in-
troduce a linear membrane strain into the inner face sheet, in
the symmetric modes of honeycomb panels with stiff lateral
edge supports, superimposed on the bending strain. This
combined strain in highest in the fundamental mode, with a
theoretical maximum inner-to-outer-face-sheet strain ratio
approaching 2.3. Since the predominant response to random
acoustic loading is obtained in the fundamental mode, the
theory explains why face sheet acoustic fatigue failures occur
predominantly in the inner face sheet of rigidly mounted
honeycomb panels.

The stiffness of the beveled edge closeout pan and of the
honeycomb panel lateral edge supports affects the inner-to-
outer-face-sheet strain ratio. The amount of shear in the
honeycomb core is also determined by the extensional stiff-
ness of the beveled edge closeout pans. With a suitable
design, the contribution to the core shear stiffness from the
closeout pan could be more than an order of magnitude
greater than that from the honeycomb core. Increasing the
closeout pan extensional stiffness also increases the inner-to-
outer-face-sheet strain ratio. On some aircraft-mounted
honeycomb panels, the lateral edge support stiffness could
be considerably less than that achieved with test frames. The
inner-to-outer-face-sheet strain ratio could, under these cir-
cumstances, approach unity by the sharing of the membrane
strain between the inner and outer face sheets, in spite of us-
ing stiff closeout pans. The beveled edges are also responsi-
ble for introducing a small coupling between the bending and
in-plane vibrations in honeycomb panels with laterally flexi-
ble edge supports.

Experimentally verified equations have been developed to
predict the critical rms strains at the center of the honey-
comb panel. The linear membrane strain and beveled edge
closeout pan stiffness effects are included in these equations.
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The only deviation in the theory involves the use of an em-
pirical constant of 1.4 to reduce the predicted face sheet
strain levels to averaged measured strain levels. The equa-
tions can be used to predict the critical face sheet rms strains
with reasonable confidence even beyond the range of
geometrical parameters included in the correlation, since
theoretically correct exponents of well-established structural,
excitation, and damping parameters are retained in the
equations.
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