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Sectioen 1

NATURAL FREQUENCIES OF BOX STRUCTURES
1.1 Notation

a length of lomger side of skin plate n in
b length of shorter side of skin plate - in
d depth of box [ ] in
E Young's modulus ll/l2 lbf/tnz
f natural frequency Hz cl/s
K frequency parameter n/s in/s
n mode number in x-direction

o mode number in y-direction

q mocde number in z-direction

t plate thickness m in
v velocity parameter for plate material»

X,¥s2 rectangular system of Cartesian coordinates
defined in Sketch (i)

P density of plate material lr.g/n3 +
o Poisson's ratio of plate material
Suffixes
c cover plate in xy- plane (e.g., skin)
- internal plate in xz- plane (e.g. rib)
s internal plate in yz- plane (e.g. spar web or frame)

It is conventional, in aircraft engineering, to refer to plater of a box structure as skins, ribs
and spars as sbove, This nomenclature is used in this data sheet for convenience.

Both SI and British units are quoted but any coherent system of units may be used.

ral

Top piate removed for clority Shetch (1)

* The velocity parameter is defined in SI units by V= (E/;)“/SOGO or in British units by

V= (!lp)"IZOO 000. It is approximately unity for all commo: structural metallic materials,

+ A density value expressed in British units as pounds per cubic inch has to be divided by 386.4 bufore
being used to calculate parameters defined in this Sec tion, (A force of 1 1bf acting on a mass of 1 1b

produces an accelcration of 386,4 lnllz.)
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Lwhiected shape =~ Semoly- supported edge

Shetch (1) Sketon (111)

The graphical presentation of data is restricted to the lowest natural frequency (i.e., n mm=gq = 1)
for a box within an array of identical boxes having equal upper and lower skin thicknesses. The
deflected shape of this mode, through the centre of the box, im both the xz-plane and yz-plane is shown
in Sketch (iv), The computer program, in Appendix 1A, can be used to obtain frequencies of higher modes
as well as those for boxes in an array having skin plates of any aspect ratio and with amy or all of the
plates of different thickness,

The lowest natural frequemcy is intended for use in calculating the stress response of box structure
panels under the action of acoustic loading. This frequency is given by

t
f=VvVK £,
o

In Figures 1.1 - 1.8, values of K are presented as carpets in terms of the plate parameters b/a
and b/d, Carpets are given for a range of values of trltr for each of four values of t./tc.

In deriving the curves, the value of o was assumed to be 0,3, This value gives sufficiently
accurate frequencies for all common structural metallic materials, The mode number is takem to be the
number of half waves in the relevant plate direction,

This data sheet provides a means of assessing the efiects tha changes in geometric parameter have
on frequency; however, the predicted frequencies can be only approximate because of the assumptions
made in the analysis. A comparison of estimated and measured frequencies is provided (see paragraph 1.4),

This Section may be used to obtain a first approximation to the natural frequencies of box structures
nsving skins with stiffeners between the ribs, or frames., In this case an equivalent skin thickness
should be used, It is recommended that this equivalent skin thickness should be that necessary to give
the same frequency as that of the stiffened plate, The equivalent skin thickness is dependent on the
®mode of vibration of the stiffened plate, For a stiffened plate vibrating in a fundamental type mode, the
frequency may be obtained from Part I, Section 3 (conventionally stiffemed panel) or Part III, Section 3
(integrally machined panel) of this AGARDograph; then using Reference 1.5.7 the thickness of the flat,
unstiffened panel of the same aspect ratio and having the stiffened panel natural frequency can be
obtained, The calculation and use of effective skin thickness in estimating the frequency for a box with
stiffened skin is shown in the example in Paragraph 1,6,2,

wetch (w)

1.4 Comparison with Measured Data

Figure 1.9 shows a comparison of calculated natural frequencies and measured frequencies of
rectangular box structures, All boxes considered are idealised structures, i.e, without cut-outs o:
stiffeners between ribs or spars, Some of these data are from structures excited by random acoustic
loading where the modes of vibration were not identified. In such cases the measured frequency of the
saximum root mean square strain has been compared with the calculated lowest natural frequency,
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FIGURE IA| PLATE SIDE LENGTHS AND THICKNESSES FOR COMPUTER
MODEL FREQUENCY ANALYSIS
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FIGURE 3.2 COMPONENT OF SOUND PRESSURE LEVEL, L,






=

N
NN

NN

™\
N
b W R
~N

\\\

& \ \,\ \\

/

~

o

N

20
L,d8
-30

-40

-50

..'o.

0
10
B

FIGURE 34 COMPONENT OF SOUND PRESSURE LEVEL, Ly
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FIGURE 36 L__FOR INTEGER VALUES OF
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