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SOUND TRANSMISSION THROUGH STIFFENED DOUBLE-PANEL
STRUCTURES LINED WITH ELASTIC POROUS MATERIALS

Gopal P. Mathur and Boi N. Tran
Douglas Alreraft Company
MecDonnell Douglas Corporation
Lunyg Beach, Cauhrnlu, U.8.A.

1. Stuart Bolton and Nae-Ming Shlau
School of Mechanical Engineering
Purdue Unlversity
Woeet Lafayatts, Indlana, U.8,A,

ABSTRACT

This paper presents transmission loss prediction models for a
periodically stiffened panel and stiffened double-panel structures
using the periodic structure theory. The inter-panel eavity in
the double-panels struetures ¢an be nodelled as being separated
hy an airspace or filled with an elastlc porous layer in various
conflgurations. The acoustic behavior of the elastic porous laysr
is described by a theory capable of secounting fully for multi-
di | wave propagation in such mnaterials. The predicted
transinission loss of a single stiffened panel is compared with the
mieasured data,

INTRODUCTION

Aircraft fuselage structures are generally double panel struc-
tures consiating of an outer surface or skin and an inner surface
or trim panel. The gap between the skin and the trim panel s
usually filled with fibergiass blankets. The fuselaga is stiffaned by
periodically arranged frames and atringera. For predicting sound
transimission loas, the fuselage is often modelled as a plane, infinite
double panel, The skin and trim panels are modelled as isotropic
plane panels having the average “smeared” stiffness and mass of
the real fuselage. The Infinite panel modeling of the double panel
structure is known to give poor results in the low-frequency re.
gion.

Further, the panels are separated by an unsegmented space of
uniform depth that may be filled with an assuined rigid porous
material, The current prediction models allow only # single longi-
tudinal wave type in the porous material, These models may be
appropriate for medium density fiberglass but not for newer mate-
rials like polyamide foarns. It is now known that three wave types,
two longitudinal and one transverse, can propagate in porous ma-
terial. All these wave types must be included in the porous mate-
rial theory if accurate sound transmission loss predictions are to
be made, Thus there is » need to develop a prediction model that
can account for these effects.

The transmission loss prediction model developed in this pa-
per considers the modal eharacter of sub-panels of & stiffened
panel and alys includes the effects of elastic porous material lining.
The prediction model for atiffened panels is based on the periodic
sttucturs theary. The inner and ocuter panels are still aasumed to
be infinite but are supported by flnite stifiness alements at reg-
ular intervals, These infinite panels consist of an infinite array
of finite panels, Due to the finite nature of the sub-pansls, their
response is of modal character. Thua the low fraquency response
of the pane} Is determined by the mass and flexural stiffness of the
panel along with the panel boundaty conditions. Thiz contrasts
with the infinite panel model in which the low frequency panel
response iy determined solely by the panel mass.

The elaatic porous material theory which is capable of describ-
ing all signlficant known effects of sound propagation in porous
materials (s used to model the effects of porous materisl lining.
Specifically, it allows for the existenee of two longitudinal and a
single transverse wave type and can be used to represent both
fiberglase and fanm. The elastic porous materal theory allows for
the shear stifiness, as well as for the in vacuo bulk madulus of
elnaticity, loss factor, Poisson's ratio, porosity, structural factor
and flow resistance. Inertial and viscous effects result in coupled
motions of the solid and fluid phases of elastic porous materials.
Viscous cffects, internal friction and heat transfer are the mech-
anisms causing energy dissipation which makes thess materials
efficient In nolse control applications,

THEORETICAL BACKGROUND

Plates with parallel, equally spaced line stiffeners ace common
in aircrafl and marine structures. At very low frequencles, the
flexural wavelength in the plate is mueh longer than the stiffener
separation, and the periodic structure behaves like an orthotrapic
plate. However as the frequency increases, the flexural wavelength
beeotnes catnparable with stiffencr separation, In this frequency
range, the response of periodic structures to harmonic excitation
can be expressed in terms of an infinite series of spatial harmonics
based on the stiffener spacing. This approach was used hy Mesd,
Pujara and Mace [1,2,3] to investigate the response of periodically
etiffened beams and plates.

All of the theory to be discussed in this paper is adapted
fromn work available in the open literature, most notably work by
Mead and his colleagues [1,2,3] and by Bolton and Shiau (4], The
ncoustic behavior of the porous layer is modelled using the theory
developed by Bolton and Shaiu [4] that takes into account all three
types of waves known to propagate in an elastic porous material,
including two longitudinal waves and one transverse wave.

If & panel is stiffened in one direction, the two-dimensional,
periodically stiffened panel can be reduced to » one-dimenyional,
periodically supported beam. That transformation is illustrated
in Figure 1. Since the beam is periodically supported, satisfac-
tory solutions for its flexural vibration as well as the reflected
and transmitted acoustic waves can be expressed in the forin of
a particular series of spatial harinonies. In the present work, the
bean i treated as Euler-Benoulli beam and the supports possess
tnass, rotatjonal and translational stiffnesses. Mead and Pujara
[2] have given the relevant theory of the space harmonic solution
ta the periodically supported beam based on tha principle of vir-
tual work.

Due to the periodic characteristics of the structure, the flaxu-
ral motion of panel can be expressed in terms of & series of space
harmoincs: i.e.,



W(e) = E Ao B gt (1)

LERTY

where W(x) is the panel transverse di pl ,Lis ing of

F

stiffeners, and  is the characteeistic propagation conatant,

This teries must be made to satisfy the boundary conditions
at elastically restrained supporta by appropriate restrictions on
the coefficients A.. The wave velocity patentials on the ineident
and transmitted side of the panel can be similarly expanded in
terms af series of space harmonies:

By(e, ) = e itweeihwoy § B o e ik it (2)

n=-0
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where ®1(z,y) and (2, y} are the velocity potantials in the inel-

dent and transmitted regions, respectively, snd k,, k, are compo-

nents of the acoustic wave number along x and s axes respectively.

The wave number component along y axis can be obtained from
the following wave nuinber relstionship:

b = (07 (ke 4 B2 g (4)
where w s the radian frequency and c is the speed of sound.

The modal amplitudes of the reRected and transmitted waves
on the beam ean be expressed in terms of modal amplitudes of
flexural wave in the panel by applying houndary conditions re-
quiring continuity of narmal velocity at the panel surface.

The equation of motion for the unstiffened panel is:
da'w X
DF - mp' W~ Juwpa (B ~ $;)=0 (5)

where D i the panel flexural stiffness per unit width, my is the
panel mass per unit arca and p, is the density of air,

Based on the principle of virtual work (which states that if
A systetn §s In equillbrium, the total virtval work done by the
applied forces in any virtual displacements compatible with the
ronstraints is equal to zero), the governing equations can he de-
rived which in turn can be rearranged to obtain a complex matrix
equation in the unknown modal amplitudes of the flaxural wave
on the beaw. The application of this principle in the present case
results in the requirement that the sum of the contributions to the
virtual work from one periodic panel element (without stiffener)
should be equal to zero. The virtual wark for one periodic ele-
ment (without stiffener) can he calculated from virtual displace-
ment and integrating over the length of one periodic element. The
virtual work for the stiffener motion can be obtained for the ap-
propriate elastic restraint characteristics of the stiffener. For the
case of a locally-teacting stiffaner (nesumed to possess mass, and
transiational and rotational stiffs that are ¢ and in-
dependenit of freq Y or incid angle), the virtual work for
the ass, translationsl and rotational stiffuceses of stiffencr lo-
cated at ¢ = 0 are obtained by multiplying the associated inertia
force, translational spring force and totstional spring moment by
virtual displacement and virtual angular displacement at ¢ = 0.

¢

The tranamissjon loss (TL) of the stiffened panel can now ha
defined as:

TL= 1030‘% (8)

e

The transmlieelon loss characteristion of pariodically stiffenad
double-panel structures was also modelled unug the space har-
moni¢ expansion approach. The two panels can sither be sepa-
rated by an sir cavity or filled with a layer of porous materil.
The ncoustical behavior of a potous layer between the twe peridi-
cally stiffened panels is madelled wsing the theory developed hy
Boltet and Shiau [4] that takes Into account all three types of
waves known to propagate in an elastic porous materjal, The two
panels, lined with elastic porous material, and assumed to be pe-
rladically reinforced in one direction are shown in Figure 2. Due
to the periodie nature of tha siructure, all the fleld variables can
be expressed In tetms of series of space harmonlcs, including the
#ix ficld variahles in the porous layer which are the downward and
upward traveling wave components af two longitudinal waves and
one trantverse wave. Tha flexural motion of panels, for example,
can be expressed in terms of series of space harmolncs: ie,

Wile) = S5 AppesStegit (®)
+= i o
Wilz)s Y Agae=s Pongir (10)

As i the single panel case, boundary eonditions are used to
express the modal amplitudes of the panel’s flexural motion. The
continuity of normal velocity at both faces of both panels Is then
used to determine relationships batween the modal amplitudes of
the acoustic flelds and thase of the flexural motions of the panels.
Application of the principle of virtual work te the two panels
and to the corresponding stiffeners then ylalds twe Infinite sets
of simultaneous equations, The transmission loss of the douhble-
panel structure can be defined using the ineident and tr jtted
intensitles following the procedure outlined for the single atiffened
panel earlier.

DESCRIPTION OF TEST PROGRAM

Experitnents were conrlucted to meastite the transmisslon loss
of & haffled, stiffened flat panel (dimensions: [.76m x 1.14m x
1.27Taun). The pancl was mounted in the window section of the
Dougias Aircraft Company transtission loss test facility consist-
ing of two ancchoic rooms. The panel was excited by a loud:
tpeaker array, placed in the source room. The sound intensity
measurements over the panel surface were made using the Norwe-
gian Electronics Real Time Analyzer 830 and Type 216 intensity
probe. The transmission loss of a bare stiffened panel was mea-
sured for comparison with predicted results.

DISCUSSION OF RESULTS

Experimental TL data of stiffensd test panels has shown that
stiffencing effects are important in the low to mid- frequency re-
gion (60 - 1000 Hz). Past experience has also shown that the
mass-law, which is based on infinite panel theory, does not pro-
vide good estimates of TL of a stiffened panel at these frequencies.
The transmission loss (TL) of the two conflgurstions of a stiffened
panel were predicted using the new TL prediction schemes,

Although the basellne (base) test panel s stiffenad in two-
directions with frames and longerons, it was modelled with one-

where /; and /; ars incident and transmitted normal int
respectively and are given by:

&
Ii= wp—;'—“ n

and

o= 32& 5 (0wl Relkym) (8)

di fonal stiffeners accounting for the main frames with 19
inches spacing. The normal and oblique ineidence (0 and 45 de-
grees) TL predictiona for the test panel are compared with the
experimental data and with the mass-law estimates in Figure 3.
It may be observed from these comparisons that the mass-law
predictions for the test panel not only underestimats the TL but



also fail te follaw the main trends of the experimentsal curve. The

1 and oblique incid stiffened TL predictions of the teat
panel, on the other hand, provide impraved TL estimates, The
peake (or humps) and valleya of the predicted TL curve also ap-
penr to follow thase observad in the experitnantal curve. The new
stiffened panel TL prediction model, therefore, provides improved
modelling of such structures.

In the next phase of the program, the traustnlssion loss of a
stiffened double panel structure lined with elastic porous foam
will be tueasured and corupared with the predicted TL data.

CONCLUSIONS

This paper presente analytical modelling of sound transmis-
sion through stiffened panels lined with elastic porous materials.
A new transmiasion loss prediction model for a futelage sidewall
consisting of stiffetied double-panel structures is developed using
the periodie structure theory, In the case of double-panel struc-
tures, the panels ¢can he separated by sirspace. The inter-panel
cavity can also be maodelled as heing filled with an elastic porous
layer in various configurations.

The predicted normal and ohlique transmission loss values of
a hare stiffened panel are compared with the experimental data.
The predicted TL curve is in good agreement with the experi-
mental TL values. The predicted TL curve also follows the trends
olisetved In the experinental TL curve. The ruass law predictions
for the test panel, on the other hand, oot only underestimated the
TL hut also failed to follow the main trends of the experimental
curve,
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&tiffened Panel.



	Purdue University
	Purdue e-Pubs
	5-1992

	Sound Transmission through Stiffened Double-Panel Structures Lined with Elastic Porous Materials
	Gopal P. Mathur
	Boi N. Tran
	J Stuart Bolton
	Nae-Ming Shiau

	tmp.1546984624.pdf.LzIw8

