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1. Summary

An analytical model has been developed to predict the noise transmission
into the cabin of a twin-engine G/A aircraft. This model is then used to op-
timize the interior A-weighted noise to an average Tlevel of 85 dBA. The
basic concept of the analytical model is that of modal analysis wherein the
acoustic modes in the cabin and the structural modes of the sidewalls are ac-
counted for.

The noise input pressure due to propeller blade passage harmonics is ex-
pressed in the form of a propagating pressure field wherein noise spectral
levels measured under static test conditions are used. The cabin interior
is treated as a rectangular enclosure. The sidewalls of the aircraft are
modeled by several discretely stiffened panel units. Transfer matrix tech-
niques are used to calculate the natural frequencies and normal modes of the
skin-stringer panels. The additional noise losses due to cabin sidewall
treatments which do not have a direct effect on the structural dynamic char-
acteristics of the skin-stringer panels are estimated by the impedance trans-
fer method.

To reduce the average noise levels in the cabin from about 105 dBA (base-
Tine) to 85 dBA (optimized), add-on treatments which do not involve changes
in the fuselage primary structure are used. The add-on treatments considered
in this optimization study include lightweight aluminum honeycomb panels,
constrained layer damping tapes, porous acoustic blankets, septum barriers
and 1imp trim panels. The added weight of the noise control treatment is

about 1.1% of the total gross take-off weight of the aircraft.



2. Introduction

Significant advances in the theoretical formulation and analysis of noise
transmission into aircraft have been made in the recent past [1 - 15]. Some
of these analytical models have been validated by experiments ranging in com-
plexity from a simple box with one elastic side [9, 12] to full-scale tests
measuring the noise transmission through one sidewall of the G/A aircraft un-
der a white noise input [12]. Preliminary noise transmission studies [4, 15]
have shown that a satisfactory agreement between theory and experiment can be
achieved for built-up sidewalls consisting of a stiffened elastic panel, a-
coustic blankets, septum barriers and trim panel. In many of these studies,
however, the main emphasis was placed on establishing correct and valid math-
ematical models of noise transmission, and not enough effort was devoted to
deriving practical recommendations for the detailed and systematic evaluations
of various methods of add-on treatment for reducing cabin noise to acceptable
levels while adding the least amount of weight to the aircraft. In the pres-
ent paper, a detailed analytical study of noise control with add-on treatments
for a twin engine G/A aircraft is presented.

The basic concept of the analytical model is that of modal analysis where-
in the acoustic modes in the cabin and the structural modes of the sidewall
are accounted for [10 - 14]. The resonant and non-resonant response charac-
teristics of the acoustic cavity and the sidewall panels are estimated by per-
forming a narrow band analysis for frequencies up to 1122 Hz. In order to
provide an analytical model which does not have very extensive computational
requirements, various assumptions and simplifications are incorporated. The
nearly flat floor, sidewalls and ceiling of the aircraft considered in this

study of a 680 AeroCommander suggest that the cabin interior may be treated
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as a rectangular enclosure. The rectangular shape allows for a simple repre-
sentation of the acoustic modes rather than the more unwieldy finite element
representations of the actual cabin shape. The sidewalls of the aircraft

are modeled by several discretely stiffened panel units. The stiffeners and
frames are included in the structural model either as discrete elements for
the skin-stringer panels or as flexible boundaries for the selected stiffened
panel unit. Transfer matrix techniques [12, 16, 17] are used to calculate the
natural frequencies and normal modes of the skin-stringer panels. The dynamic
characteristics of the double and single wall curved plexiglass windows are
determined by performing an analysis on the windows with a dynamically "equi-
valent" single and flat plexiglass panel. The results from theoretical studies
of double wall window constructions [18] are utilized for this purpose.

To estimate the noise losses due to add-on treatments such as acoustic
blankets, septum barriers and trim panels, an analytical procedure based on
the impedance transfer method is used [19, 20]. A reasonable agreement between
these analytical predictions and experimental measurements has been achieved
[15]. Differing add-on treatments lend differing amounts of noise reduction
and differing amounts of weight to the aircraft. To optimize cabin noise for
the least amount of added weight, a sensitivity analysis of the interior noise
with respect to the different add-on treatments is performed. The add-on
treatments considered in this noise optimization study include damping tape,
acoustic blankets, septum barriers, honeycomb panels and trim panels.

To predict the amount of noise transmitted into the aircraft, the external
excitation pressure field has to be defined. The noise input due to propeller
blade passage harmonics can be expressed in terms of noise spectra levels, cor-
relations and spatial pressure distributions. The surface pressure data cor-

responding to ground test conditions [21 - 23] are used for the analytical
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study.
3. Analytical Model

The basic concept of the analytical model is that of modal analysis.
This approach has been used for many noise transmission related problems [1,
6, 9-15]. For resonant acoustic cavities, 1ightly damped structural compo-
nents and narrow band inputs such as propeller noise due to blade passage har-

monics, modal analysis seems to be an attractive and efficient method to use.

3.1 Acoustic Model

Consider that the interior space of the aircraft shown in Figs. 1 and 2
can be approximated by a rectangular enclosure occupying a volume V = abd as
shown in Fig. 3. It is assumed that the main contribution to the interior
noise is transmitted by the sidewalls at z = o,d (shown by a dashed Tine in
Fig. 2), and that the remaining surfaces are acoustically rigid. Figure 2
suggests that the floor members are of a heavy construction, which together
with the greater distance from the propeller tips (Fig. 1) suggests that the
floor transmits a relatively small amount of noise when compared to the air-
borne noise transmitted by the sidewalls. A similar assumption is invoked
for the ceiling. The interior walls at z = 0,d are taken to be absorbent
while the remaining walls are assumed to be acoustically hard. The contri-
bution to noise losses due to absorption at these walls is included in the
expression for the "equivalent" acoustic damping. Taking the perturbation
pressure p to be at rest prior to the motions of the flexible sidewalls, the

pressure inside the enclosure satisfies the acoustic wave equation

v2p + g & = %z‘ 32p/at? (1)



where
V2 = 32/3x2 + 32/3y? + 32/az? (2)

and 8 is the acoustic damping coefficient. The boundary conditions to be

satisfied are

3p/oz = - o 3p/3t/T, at z =d (3a)

3p/az = - p 3p/at/Iy - pa2w/3t?| atz=0 (3b)
F

ap/an = 0 otherwise (3¢)

where 3p/3n is the normal derivative at the wall surface, ZA is the absorbent
wall impedance assumed to be uniformly distributed over the wall surface and
W is the displacement of the flexible wall SF'

Taking the Fourier transformation of Eqs. 1 - 3 and writing the solution
for the acoustic pressure in terms of orthogonal acoustic modes corresponding

to hard walls at x = 0,a and y = o,b, yields

[~

F(X,.Y3Zam) = 120 jZO q’ij(zam) X.ij(xs.Y) (4)

8

where ¢ij

rectangular enclosure

are the modal coefficients and Xij are the acoustic modes of the

- I1X e dTY.
Xij(x,y) cos 2= cos & (5)

where a bar indicates a transformed quantity. By expanding the transformed

flexible wall motions, w, in terms of the acoustic modes and utilizing the



transformed boundary conditions given by Eq. 3, it can be shown that
05(za) = (Gy5(0)/ (05 - p202/Ipag4) sin 2g4d}
« {cos Aij(d -2) + (ipm/ZAkij) sin Aij(d -2)} (6)
where
Ay = (02 - ady - 2igg et c (7)

. . : 2 . 2%
in which wyy = c{(ix/a) + (jn/b) }* and Eij = scz/Zmij. In the present

study, the quantity 8c2 is taken to be equal to 2“1050 where ) is the
"equivalent" acoustic damping coefficient and w1g is the Towest modal fre-
quency in the enclosure. The acoustic-structural coupling is reflected in

the term Gij where

2 antl batL
pwe; . 0™x "0~y _ -
Gjlw) = —=L [ [ 7 W(x.y )Xy 5 (xy)dxdy (8)
ab g b0

and

&5 =42 gither i # 0 or j #0 (9)

4 i#0,j#0
The solution for the perturbation pressure given in Eqs. 4 - 9 is in terms of

the flexible wall motions w(x,y,w). Thus, the response characteristics of the

flexible elastic panels must be determined next.



3.2 Response of Sidewall Panels

The flexible portion of the aircraft sidewalls shown in Figs. 1 and 2
is composed of an external skin which is stiffened by stringers and frames,
thermal and acoustic insulation, acoustic barriers, trim panels and several
single- and double-wall window units. While it is possible to model a side-
wall by a single panel unit, it is much more feasible to break the sidewall
down into smaller units. Such a segmentation offers significant advantages
for noise transmission path identification and interior noise optimization.
Due to the rapid spatial decay of the amplitude of the external noise pres-
sure and the very stiff boundary conditions of some of the panel units, such
an approximation seems to be justified for this type of fuselage construction.
The details of a segmented sidewall are shown in Fig. 4.

The governing equation of motion for a single elastic panel located at
z=0,23;<x53;*L,, b, iYY< by + Ly, can be written in the frequency

domain as
DV4W + fwgw - msmzﬁ'= Pr(XsYsw) = P(XsYs0,0) (10)

where D is the plate stiffness, ¢z is the structural damping coefficient, me
is the panel mass per unit area, Er is the random external noise pressure,
P(Xx,Y,0,0) is the cavity back pressure acting on the interior surface of the
panel, and v* is the biharmonic operator. In the present analysis it is as-
sumed that the viscous damping coefficient can be expressed as a linear com-
bination of the mass and stiffness so that the resulting modal equations will
not be coupled through the structural damping term. Furthermore, it is as-
sumed that the acoustic blankets, septum barriers and trim panels have no
direct effect on the response of the elastic panels. The noise reduction

due to these treatments 1s estimated separately.

-7-



The solution for the panel deflection w is expressed in terms of the

panel modes:

_,,m=w 7 w)Y s 11
W(x,¥s0) mz ; an (@) Y (%5¥) (11)

where Eﬁn are generalized coordinates and Ymn are orthogonal panel modes.
In the remainder of this work, the indices m and n will be used to denote
quantities related to the plate motion, and i,j will refer to the fluid mo-
tion. Substitution of Eq. 11 into Eq. 10 and utilization of the orthogon-
ality principle yields

a = r -
Ymn Hmn[Pmn amen 1Z JZ Z (0’”) rZI 521 qrs ijrs 1Jmn] (12)

where the frequency response function of the panel is

= 2 o .2
Hmn [m ws + 21cmn mn® w] (13)
and
2 3
Zij(z’“) = {eij/(xij - pzmz/ZAkij) sin Aijd}{cos Aij(d -2)
+ (iew/Zphyg) sin aq5(d - 2) (14)

in which T = co(mll/mmn) where z, is the damping coefficient and w, are
modal frequencies. The generalized random forces due to external noise pres-

sure are

pl'rl‘m = M-L f f Er(X,y,w)Ymn(x,y)dxd_y (15)



The response of a stiffened panel can be obtained from Eqs. 11-15 by replac-
ing the modes Ymrl and the frequencies ®mn by those corresponding to a stiff-
ened panel. Then, the generalized mass an can be written as
a.+ + a +L
Ly Bo'ty 2 N 0 X 2
M = m / / Ymn(x,y)dxdy + Z m / Ymn(x,yk)dx (16)
b k=1 a
0 Q
k
in which M is the mass per unit length of the k-th stringer, and Y © ) bi
i=1
where bi is the distance between the i-1 and i-th stringers. The quantities
Lijmn of Eq. 12 are parameters which couple the panel vibration modes to the
acoustic cavity modes and are defined as
a0+Lx b0+L.y
Lijmn = f f Ymn(xs.V)Xij(x,.V)dXdy (17)
a b
0 0
In order to completely determine the panel motion and the acoustic pres-
sure inside the cabin, the coupled system of Eqs. 12 must be solved for Eﬁn.
It should be noted that Eq. 12 is general and accounts for all the coupling
effects between the panel and the cavity. However, some simplifying assump-
tions, suggested by previous work [24 - 29] can circumvent the lengthy numer-
ical solution of the coupled system for Eﬁn. For cases where the cavity is
sufficiently deep and the panel is sufficiently stiff, the coupling terms in
Eq. 12 due to back-up acoustic pressure can be neglected and the structural
modal coefficients Eﬁn can be computed explicitly in terms of the generalized
random forces P;n. Then, from Eqs. 11 and 12, the panel response can be ex-
pressed as

< o«

Woyse) = B L Holo) Pon(@) Yo (x,y) (18)



The cross-spectral density of the panel deflection response Sw(xl,xz;
yl,yz;m) can be obtained by taking the mathematical expectation of Eq. 18
and then using the spectral decomposition presented in Ref. 17. By setting
X{ % X = X ¥q =Yy =Y the spectral density of the panel deflection res-

ponse is

8

-] @ «©

* r
Sw(x,y,w) = mzl nzl rzl szl Hmn(“) Hpg(w) Smnrs(m)

* Yoo (Xs¥) « Y (xsy) (19)

where the cross-spectral density of the generalized random input forces is

a0+L a. + Lx batL,, b+l

1 x 0 0~y "0y o, —
Smnrs (@) = B s fa fa fb Ib ST(Xs¥sw) * Yo (xqa¥q)
0 0 0 0
. Yrs(x2’y2)dxldx2dyldy2 (20)

in which S% is the cross-spectral density of the random input noise pressure
pr and X = Xp = Xqs y = Yy = ¥q- The asterisk in Eq. 19 denotes a complex

conjugate. To complete the solution for panel deflections and subsequently
for the interior acoustic pressure, the natural frequencies and normal modes

of the elastic panels are needed.

3.3 Natural Frequencies and Normal Modes of Sidewall Panels

In the present study, we seek the natural frequencies and normal mode
shapes of the two-dimensional stiffened panels shown in Fig. 5 and double
wall curved window constructions shown in Fig. 6. These results are used
in Eqs. 11 - 17 to calculate the deflection response. The natural frequen-

cles, o

mn ® and normal modes, Y

mn? of the stiffened panel unit shown in Fig.
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5 are determined by using transfer matrix methods [12, 16, 17]. A brief
description of this procedure will now be given. The stiffened panel No.

6 shown in Figs. 4 and 5 is assumed to be simply supported along the frames
at x = ag and x = a0+Lx. Then, the normal modes corresponding to the direc-
tion along the stringers are sin {(nn/Lx)(x - ao)}. Substitution of this
relation into Eq. 10 and setting p' and p(x,y,0,u) = O results in a fourth
order homogeneous differential equation for each n. Utilizing the character-

istic roots, the solution for this equation can be written in a state vector

form: {wn} = {sn,en,Mn,Vn} where sn,en,Mn and Vn are the components of de-
flection, slope, moment and shear, respectively. A transfer matrix ;[T]2
0

can then be constructed which transfers the state vector from the left side

of station 0 to the right side of station N (see Fig. 5). Then, we can write

UM ;[T]g {wn}g (21)
where
N[T1g = [6]y [y [6]y_q -... [F,106], (22)

The point matrix [G] transfers the state vector across a stringer and the
field matrix [F] transfers the state vector across a panel. The detailed
expressions for these transfer matrices can be found in Appendix A. Util-
izing the natural boundary conditions at y = b0 and y = b0 + Ly in Eq. 21
y1elds an equation which can then be solved for the natural frequencies On®
For the purpose of illustration, assume simply supported boundaries at the

. . L 2 r_ r
end stations 0 and N for which {Nn}0 = {O,Sn,O,Vn}0 and {wn}N = {O,Gn,O,Vn}N.

Then, from Eq. 21, we obtain

-11-



r r 2 2
o |tz tia| |%n (23)
0 t t v
N N 32 Bl 0
where tij are the elements of the transfer matrix E[T]é. For a non-trivial

solution, the determinant of the coefficient matrix in Eq. 23 vanishes, re-
sulting in a transcendental frequency equation which is solved numerically.
Due to i11-conditioning of the field transfer matrix [F] (hyperbolic func-
tions with large arguments) and large stiffness from the stringers, numeri-
cal difficulties can arise in calculating the natural frequencies. These
difficulties can be circumvented by dividing each panel between two string-
ers into several segments. Now the field transfer matrix can be written as
[F] = [F(zl)][F(zz)] ceoe [F(zM)] where %5 is the length of a segment and M
is the total number of selected segments. By calculating the products of
these matrices, the large arguments of the hyperbolic functions are avoided.

The mode shapes, Y ns are obtained from

m
- oL
0
( ) r[ ]l o mw(x-ao) (2)
Y (x,y.) = Lt t t t + sin ————— 24
mn q q 11 12 13 ~14 olo Lx
.V“.o

where yq is the local co-ordinate locating an arbitrary point on the stiff-
ened panel. From Eq. 23, the slopes 8, can be expressed in terms of the
shears Vn at the natural frequencies “m
In the present study, the natural frequencies and normal modes of the
stiffened panels shown in Fig. 4 were estimated for flexible supports at the

stringer boundaries, i.e., at stations 0 and N. For panel No. 6, these sup-
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ports are along the x-boundary, while for panel Nos. 1-4, the flexible sup-
ports are along the y-boundary. Such a condition is believed to be a close
approximation of an actual boundary of a continuously stiffened elastic pan-
el.

In addition to the stiffened panel units, each aircraft sidewall con-
tains three plexiglass windows. The port side pilot window is a single sheet
curved panel while all the other windows are double wall constructions as
shown in Fig. 6. Due to the very complex geometry of these windows, the
natural frequencies and normal modes are estimated using more tractable an-
alytical models. In this procedure, the double wall constructions are re-
placed with "equivalent" single sheet curved panels which are simply sup-
ported on all four edges. Furthermore, the irregular shape of window unit
No. 8 is approximated by a rectangular panel. Then, the natural frequencies
and normal modes are calculated using the expressions given in Ref, 30. How-
ever, to establish the equivalence criteria between the double wall and the
single wall constructions, the natural frequencies and normal modes of the
single sheet panels are modified utilizing the results from an analytical
study of double wall windows [18]. Since the numerical results of Ref. 18
were available only for a few lower modes and frequencies, the equivalence

criteria are established only in approximation.

3.4 Acoustic-Structural Model
The equations developed in previous sections can be combined to construct
a noise transmission model. Then, from Eqs. 4 - 8 and 11 - 15, the acoustic

pressure inside the cabin is

— 2 o -+ [--] (-]
P(xs¥szow) = 88~ ¥ F Z.{z,w)X: (xy) T T H_(u)L
’ ab ;Zg 559 1 [

ijmnP;n(”) (25)
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The cross-spectral density of the interior acoustic pressure Sp(xl,xz; Yq»
Yp5 291253 w) can be obtained by taking the mathematical expectation of Eq.
25 and using the procedures given in Ref. 17. By setting X{¥X5%Xs ¥1=YpYs
2,72,°2, the spectral density of the interior acoustic pressure is

-

Sp(x,y,z,m) = (sz/ab)z . z Zij(z’“) Z:z(z,m) xij(x’Y) xkz(x’Y)

1,3,k,2=0
. m,n E s=1 Hm"(m) Hrs(w)Lijankzrs mnrs(“) (26)
LALE B ]
where the cross-spectral density of the generalized random forces, S . ..s 1s

given in Eq. 20. The sound pressure levels in the cabin are obtained from
SPL(x,¥:2,0) = 10 T0g {5 (%,¥,2.0)80/pg} (27)

where Aw is the selected bandwidth and Pg is the reference pressure (pO =
2.9 x 107 psi, py = 20 uN/m2).

Noise reduction is defined as the quantity which relates the interior
acoustic pressure spectral density Sp to the exterior input pressure spec-

tral density S:(w),
NR(X,YsZ,w) = 10 log {sg(m)/sp(x,y,z,m)} (28)

The interior noise levels given by Eq. 27 correspond to the noise transmitted
by a single stiffened panel or window unit located at z = 0. The total noise
transmitted by all the panel units composing the entire sidewall can be de-
termined by superposition of the contributions from each panel unit. In

this case, the 1nputs of each panel unit are taken to be uncorrelated and

the motions of each panel unit are assumed to be independent. Then, the in-
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terior sound pressure levels transmitted by the entire sidewall can be es-

timated from

Mo
i=1

where M is the total number of selected panel units of which the aircraft
sidewall is composed.

The solution for the spectral density of the interior noise pressure
given in Eq. 26 can be separated into two parts. The first part contains
direct terms for which i =k, j =2, m=r, n=3s; and the second part con-
tains cross-modal terms for which i #k, j# ¢, m#r, n#s. A common prac-
tice in modal analysis is to negTect the cross-modal terms, since for low
damping, well separated modal frequencies and slowly varying input spectral
densities, the contribution from these terms to the total response is usually
small. However, for rapidly varying inputs such as propeller noise (shown
in Figs. 7 - 13) and the anticipated large damping values of the treated
structures, the cross-modal terms can have a significant effect on noise re-
duction at certain frequencies. This is illustrated in Fig. 19 where noise
reduction is plotted for a typical stiffened panel unit with and without
cross-modal terms. Due to the significance of these results, cross-modal
terms are included in the analytical model of the present study. Further-
more, utilizing the computer algorithms available for complex numbers, makes
the additional computational time and costs needed to include these terms
negligible.

The convection effects for the surface pressures due to propeller rota-

tion are included in the formulation of the generalized random forces. The

-15-



A-weighted interior noise levels are shown in Fig. 20 for cases with and
without convection. The transmitted noise Tevels are in general Tower when
the convection effects of the propeller noise are included. Furthermore,
the convection velocities seem to have more effect at higher frequencies.
These results correspond to non-decaying spatial correlation functions with
a convection velocity of 700 ft/sec along the propeller rotation and sonic

convection velocity normal to the propelier rotation plane.

3.5 Acoustic Absorption

When calculating the transmitted noise into the cabin, it is assumed
that the interior surfaces are locally reacting such that the interior ab-
sorption at the boundary can be represented by a point impedance model ZA(m).
To simplify the numerical calculations, it is further assumed that ZA is uni-
formly distributed over the interior cabin sidewalls. The point impedance

is modeled by
ZA(m) = Rlw) + i X(w) (30)
where the resistance R and the reactance X are given by [19,31]

R{w)

oc[1 + .0571(2nR, /ou)?+7%8] (31)

i

)0.722]

X(w) pc[0.087(2nR1/pw (32)

where ac is the characteristic impedance of the air and R1 is the flow re-
sistivity of the porous materials. In addition to the acoustic absorption
at the sidewalls, the acoustic absorption due to the interior furnishings,
carpeting, passengers, etc. need to be accounted for. In the present study,

we assume that the acoustic power Tosses in the cabin due to these treatments
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can be represented by a modal acoustic damping coefficient Eij = go(mlolmij)
where £g is a prescribed damping coefficient of the Towest acoustic mode in
the cabin and 35 are the modal acoustic frequencies. Even though it is
possible to obtain a relationship between £i; and ZA [6], it is difficult

to prescribe proper values for ZA to account for the energy losses due to the
furnishings, passengers, etc. In the present study, noise transmission was
estimated for £g = 0.03 (baseline aircraft), £ = 0.09 (medium acoustic damp-

ing) and g = 0.18 (large acoustic damping). The following values for flow

resistivity were chosen:

Ry = 12.5 Tb-sec/in* f < 125 Hz
Ry =25 1b-sec/in" 125 Hz < f < 250 Hz
R1 = 62.5 1b-sec/in* f > 250 Hz

3.6 External Pressure Field

The external pressure acting on the aircraft is propeller noise due to
blade passage harmonics. The experimental information on surface pressures
[21-23] for ground test conditions is used to select the input pressure le-
vels for each panel unit shown in Fig. 4. These sound pressure levels, di-
gitized at 2 Hz bands, are shown in Figs. 7-13 for the ten panel units of
which the sidewall of the aircraft is composed. To include convection ef-
fects in the present analytical model, the cross-spectral density of the in-
put pressure is assumed to be separable in the direction of propagation and
that perpendicular to 1t and is given as

—= Tux/V,  duy/V
ST(X.Taw) = Si(w) e KoY (33)
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where Si(m) is the input power spectral density for the i-th panel unit, and
Vx and Vy are the trace velocities corresponding to the x- and y-directions,
respectively. Utilizing the information available in Ref. 23, subsonic trace
velocities corresponding to the vertical direction y (along the propeller ro-
tation) and sonic trace velocities corresponding to the longitudinal direc-
tion x (normal to the propeller rotation plane) were chosen in this study.
The values of Vy = 700 ft/sec and Vx = 1120 ft/sec were used for all the nu-
merical computations.

The cross-spectral density of the generalized random forces due to pro-
peller noise input can be evaluated from Eqs. 20 and 33. In this procedure,
the pressure levels characterized by the spectral density Si(“) are taken to
be uniformly distributed over each panel surface, but varying in a step-wise
fashion from one panel unit to another. For stiffened panels, the modes
Ymn(x,y) are prescribed numerically. Thus, numerical integration routines
need to be utiiized to calculate the generalized random forces defined in

Eq. 20.

3.7 Total TL Including Add-On Treatment

The analytical model described in Sections 3.1 - 3.7 predicts noise trans-
mission through a fuselage sidewall with or without treatments which are di-
rectly attached to the skin of the sidewall. These add-on treatments could
include damping tape, honeycomb panels, non-load carrying mass, etc. In addi-
tion, the effect of acoustic absorption within the cabin is included according
to the procedures described in Section 3.5. To estimate the noise losses due
to acoustic blankets, septum barriers and trim panels, an analytical procedure
based on the impedance transfer method is used [19,20]. A reasonable agreement

between these analytical predictions and experimental measurements has been
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achieved for a typical aircraft panel with add-on treatments [4,15]. Then,
the interior noise levels in the treated aircraft are estimated by adding the
noise losses calculated by the impedance transfer method (acoustic blankets,
septum barriers, trim panels) to the noise levels obtained directly by modal
analysis from Eqs. 27 and 29. Then, the interior noise transmitted through a

panel with acoustic add-on treatments is calculated from

where ATL is the additional noise loss provided by the add-on acoustic treat-
ments. It should be noted that the effect of treatments which are directly
attached to the aircraft skin (damping tape. non-load carrying mass, honey-

comb panels) is included in the term SPL(X,¥,Z,u)| Since these

untreated’
treatments have a direct effect on the dynamic characteristics of the Toad
bearing external skin, the ATL term, derived from a simplistic impedance trans-
fer method which assumes uniformly treated panels of infinite extent, will not
account properly for the additional noise losses from the add-on treatments
directly attached to the elastic skin of the sidewall.

The added transmission loss ATL at an incident plane wave angle 8y (see

Fig. 14) is obtained from
ATL(w,8) = - 10T0g 7(w,8;) (35)

where ¢ is the transmission coefficient of the add-on acoustic treatment de-

fined as [5]

(pl/pz)untreated

T(w,el) = (36)

(p1/p2) Tect (pn—l/pn)treated
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where pn_llpn are the pressure ratios across the boundaries between adjacent
media and the pressure ratios across the media themselves as shown in Fig. 14.
Acoustic plane waves are incident on the exterior of the structure with an
angle 8 and reflected and transmitted according to the various impedances
present at the different layers. The interior of the media is assumed to ex-
tend to infinity with an acoustic termination impedance pc. To obtain the
pressure ratios pn-llpn’ the expressions for the characteristic impedances
of the various media are utilized.

Following Refs. 5, 19 and 20, and using Fig. 14, the pressure ratio

across the untreated elastic panel is

(P1/P) yntreated = 1 * Lp/Z2 (37)

where the impedance, Zp, of an infinite stiffened panel can be written as [5]

Zp = oy [Xn + 1(1 - X)] (38)
in which
= w2 sin® : 39
X = w? sin“e,8/(u;c,) (39)
I | . 0
8, = sin (c2 s1nel/c1) (40)
A= DX costy + 2H cos2¢ sin2¢ + D‘y sin%¢ (41)
D, ,D, = bending rigidity of the stiffened panel in
XY sections perpendicular to x-axis and y-axis,
respectively
H = cross-rigidity of the panel
¢ = asimuthal angle relative to x-axis [5]

-20-



1] surface density of the sidewall

loss factor of the sidewall
The impedance for the interior acoustic medium is
Z, = pc/cos 9, (42)

The pressure ratios across the different layers of the medium shown in
Fig. 14 are estimated in the following fashion. The pressure ratio across
the elastic panel bounded by porous acoustic blankets on the interior side

(Tocated in space 2) is

(py/py)g = 1+ 2,72, (43)

where Zp is the elastic panel impedance given in Eq. 38 and 22 is the imped-

ance of the acoustic blankets

Z, = Ig, coth (b,d, cose, + vp)/cose, (44)
where
Zgp = = 1 KpboluY, (45)
8, = sin”! (cy sine,/c,) (46)
v, = coth™! (2, cose,/zy,) (47)
cy = m/Bz; speed of sound in region 2 (48)
b2 =a, + 182; propagation constant in region 2 (49)

%

by = 1u(5,Y,/Ky) (1 = iRy/o0) (50)
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(Ry/o0) (Y, + o/0) + 1

Eé = ool 1+ (Rl/pmm)z (51)
= 2
Ry = Ry/(1+ (Ry/py) ) (52)
Y2 =1- pm/pf; porosity (53)
KZ = compressibi1jty of gas in porous material
(= atmospheric pressure)
o = bulk density of sample
e = density of fibers
R1 = flow resistivity of acoustic blankets
The septum impedance, 23, is
I3 = luug * I, (54)

where My is the surface density of the septum material and Z4 is the impedance
of the acoustic blankets in region 4. The pressure ratio across the acoustic

blankets of region 2 is

Eg) i cosh(b2d2 cose, + wz)

(55)
P3¢ cosh 2)
The pressure ratio for the septum is
(p3/p4)t = 23/24 (56)
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where

Z4 = ZB4 coth(b4d4 cos8, + ¢4) (57)
8, = sin'l(c4 sinezlcz) (58)
cy = w/B4 (59)

The pressure ratio across the acoustic blankets in region 4 is

cosh(b4d4 cose, + w4)

(py/pg), = m— (60)
where

Vg = coth'l(Z5 cose4/ZB4) (61)
The trim panel impedance, ZS’ is

Zg = luug * Zg (62)

where Mg is the surface density of the trim panel and 26 is the impedance of

the receiving space

Z6 = pscslcose6 (63)
in which
S | .
8g = sin (c6 s1ne4/c4) (64)
Cg = speed of sound in the receiving space

pg = aIr density of the receiving space
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The pressure ratio across the trim panel is
(pg/pg)y = Ls/Zg (65)

The acoustic properties of the porous blankets in region 4 can be eval-
uated from Eqs. 49-53 by substituting the parameters corresponding to those
of region 4.

The added transmission loss given in Eq. 35 is calculated using the nar-
row band approach. It can be shown that the one-third octave transmission

loss ATL|1/3 can be estimated from

i
. Awl
aTL(8) |} /3 = 10 Tog — 1/3 (66)

I“".‘(m-o.mn(e,m))dm

m'l
2

where Aw|1/3 is the i-th bandwidth of the one-third octave frequency band
and ml and wl are the lower and upper frequencies, respectively, of the cor-

responding one-third octave frequency band.

4, Interior Noise Optimization

The analytical model described 1n previous sections is applied to opti-
mize cabin noise to an average overall A-weighted Tevel of about 85 dBA. The
non-structural add-on treatments applied to the fuselage sidewalls of the air-
craft were designed to have low surface density and high transmission loss.

To achieve this goal, the following systematic procedure was undertaken.

An 1interior point 1n the propeller plane at about ear level and 8 inches

from the sidewall was selected. Cabin noise was calculated at this point for

all treatment conditions. Numerical computations were performed using a nar-
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row band analysis for frequencies ranging from Q - 1122 Hz and a bandwidth of
of = 2 Hz. The one-third octave levels and the overall levels were obtained
from the narrow band results and numerical integration. The optimization pro-
cedure was based on the A-weighted one-third octave noise levels. Then, the
noise transmitted by each panel unit (Fig. 4) was calculated for each add-on
treatment and for various combinations of add-on treatments. The amount of
treatment was increased until a pre-selected acceptable A-weighted interior
noise level was reached. In the present study, a level of 78 dBA for all one-
third octave frequencies was selected as the upper bound for the noise trans-
mitted by each individual panel unit. If the selected optimization goal is
not satisfied, this noise level might have to be changed. The treatment or
combination of treatments which reduces the transmitted noise to this value
for the least amount of added weight was taken as the best treatment for that
panel unit. The procedure was repeated for all panel units and the results
were superimposed (including noise transmitted through windows) to determine
the total transmitted noise in the cabin. The add-on treatments include hon-
eycomb panels, damping tapes, non-load carrying mass, porous acoustic blankets,
septum barriers and trim panels. A simplified flow chart of the optimization
procedure is shown in Fig. 15. The computing prediction system consisted of
three basic computer programs. The first program calculated the natural fre-
quencies and mode shapes of the stiffened panels using the transfer matrix
approach (Section 3.3), the second program estimated pressure levels 1n the
cabin by the modal approach (Section 3.4), while the third program calculated
the additional noise losses ATL (Section 3.7) due to add-on treatments not at-

tached directly to the skin.
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5.0 Numerical Results

5.1 Baseline Aircraft

The aircraft used in the present study is the Model 680 AeroCommander
shown in Figs. 1 and 2. This aircraft has a take-off gross weight of about
7,000 1bs., cruises at an airspeed of 262 ft/sec at 10,000 ft altitude with
each engine running at 70% power. Each engine has six cylinders, each engine
is rated at 320 hp, and drives a 7.74 ft diameter three-bladed propeller
through a gearing system that turns the propeller at about 64% of the engine
rpm. The propeller tip clearance from the sidewall is about 5 inches and the
propeller plane intersects the fuselage at approximately the middle of the
cabin. The original cabin interior was finished in standard trim (acoustic
blankets, trim panels) and provided seats for pilot, copilot and four passen-
gers. The flight tests run at an altitude of 7,000 ft and 75% power (both
engines running at equal power output) indicate that the A-weighted overall
interior noise level varies with the position in the cabin and range from
about 96 dBA to 103 dBA [9]. The ground tests under static operations [21 -
23] showed similar values for the interior noise in the cabin. The highest
A-weighted noise levels occurred in the frequency range of about 100 - 600 Hz.

The baseline aircraft to which the analytical optimization models were
applied was assumed to be an aircraft similar to the one described above, but
with all the interior treatments (acoustic blankets, trim panels) and interior
furnishings (carpeting, seats) removed. Furthermore, the mathematical model
does not provide for noise transmission into the cabin through the rear bulk-
head, The inputs to the baseline aircraft corresponding to ground tests un-

der static operations were taken from Refs. 21 and 23.
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5.2 Modes and Frequencies

The normal modes and natural frequencies of the stiffened elastic panels
were obtained using the transfer matrix procedures discribed in Section 3.3.
The modes and frequencies of the single and double window constructions were
determined by the procedures given in Refs. 18 and 30. The panel and string-
er geometries are shown in Figs. 4 and 16, respectively. The skin of all the
aluminum panels has a thickness of 0.04 inches except for Panel No. 2 which
has a thickness of 0.08 inches. The windows are made from 0.14 inch thick-
ness plexiglass. The geometric and material properties of the stringers are
given in Table 1 for each stiffened panel unit. Utilizing these data, the
natural frequencies and normal modes were calculated for all the panels shown
in Fig. 4 for a frequency range of Q0 - 1122 Hz. The natural frequencies cor-
responding to the odd spanwise modes (n = 1,3,5,...) are given in Table 2.
Due to the vary large number of natural frequencies for the selected frequen-
cy range, only those frequencies below 400 Hz are included in this table. The
modal frequencies obtained by experimental measurements for the same aircraft
are included for comparison [33]. The mode shapes and frequencies were meas-
ured for Panel Nos. 1, 2, 6 and 8, using experimental modal analysis techniques.
For other panels, the modal frequencies were extracted from the frequency res-
ponse functions. The agreement between theory and experiment for estimating
the modal frequencies of the aircraft panels, in general, is satisfactory in
view of the fact that some stringers contained cut-outs and various attach-
ments which are difficult to include 1n a structural model. The experimental
frequencies given for Panel No. 2 correspond to a skin thickness of 0.04
inches while the theoretical results are for a panel with a thickness of 0.08

inches. The theoretical sidewall model corresponds to the starboard side
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where the thickness of Panel No. 2 is 0.08 inches. Honeycomb panels were
attached to this panel. Thus, the frequencies and modes were measured for
Panel No. 2 located on the port side which has a thickness of 0.04 inches.
The experimental results include those frequencies corresponding to even
and odd modes. However, due to the complexity of the modal shape of the
stiffened panels and double wall windows, the separation of experimental
data into even and odd modes is a difficult task. Several typical measured
and calculated modes corresponding to the first frequency band are plotted

in Fig. 17 for Panel No. 6.

5.3 Noise Levels in Baseline Aircraft

The interior noise levels in the aircraft due to propeller noise inputs
taken from static ground tests were calculated utilizing the analytical mod-
els presented in this study. The narrow band (Af = 2 Hz) interior sound
pressure levels calculated at x = 50 in, ¥y = 40 in, and z = 8 in, are shown
in Fig. 18. In order to have a valid cémparison between theory and experi-
ment, analytical calculations were performed for interior conditions similar
to those of the experimental aircraft. The sidewalls and ceiling of the ex-
perimental aircraft were treated with one-inch acoustic blankets and cloth-
type interior trim. Furthermore, carpeting and all seats were left intact
during the test. The interior noise levels were estimated for the baseline
aircraft using modal analysis. (The baseline aircraft is a bare fuselage
without treatments or furnishings.) Then, the additional noise losses due
to sidewall treatments were added to these levels to arrive at the results
shown in Fig. 18. In view of the complexity of the sidewall construction
and the uncertainty of the treatment conditions, the agreement between theory

and experiment is reasonabie. Theory seems to predict higher noise levels
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by about 5 - 8 dB for the first four blade passage harmonics. The limitations
of the analytical model with regard to uniform propeller noise pressure dis-
tributions and to the independent responses of each panel unit mean that it
tends to overestimate the transmitted noise levels. Furthermore, due to un-
certainty of the effectiveness of the original add-on treatments (acoustic
blankets, carpeting, cloth trim), the additional noise losses ATL calculated
by the impedance transfer method might be underestimated in the low frequency
range. It should be noted that theory was in very good agreement with the
laboratory tests where all the parameters could be carefully controlied or

measured [9, 12, 15].

5.4 Sidewall Treatment With Honeycomb Panels
The effect of the stiffening of the sidewall panels on noise transmission
is investigated. Additional stiffening is achieved by attaching honeycomb

panels to the interior walls of the aircraft as shown in the sketch below:
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The transverse stiffness per unit width of the treated panel (elastic skin +

honeycomb) is obtained from

E, « E,t,t,h2

(Elt1 + Eztz)(l - v2)
where El’ E2 are the effective moduli of the facings, v is Poisson's ratio of

the facings (v1 = vy = v), h is the distance between the facing centroids and
tl’ t2 are the thicknesses of the facings. In the present study, we take t1

- 1 1
= t1 + hp where t1

merical results were obtained for E1 = E2 = 10.0 x 106 psi, v = 0.3, t

t2 = 0.016, h = 0.288, surface density of the honeycomb panel

is the thickness of the facing of the honeycomb panel. Nu-

1
0.37 1b/ft2

= 0.0,

]
and tl

comb panel = 1.4 1b/ft2. The natural frequencies and normal modes of the skin-

= 0.032 in, t2 = 0.032 in, h = 0.429 in, surface density of the honey-

stringer panels stiffened with the honeycomb construction were calculated us-
ing the transfer matrix procedures given in Section 3.3. The natural frequen-
cies corresponding to the first frequency band of both the treated and un-
treated skin-stringer panels are presented in Table 3. Due to a significant
increase in the total panel stiffness (aluminum panel + honeycomb panel), the
modal frequencies shift to higher frequency values. The panels with light
honeycomb treatment (h = 0.286 in) were assumed to be simply supported at the
boundaries perpendicular to the stiffeners and elastically supported at the
boundaries parallel to the stiffeners. The panels with heavy honeycomb treat-
ment (h = 0.429 in) were taken to be simply supported on all four edges.

To estimate the effect of sidewall stiffening on noise transmission, the
interior noise was calculated for several add-on treatments with honeycomb

panels. The one-third octave A-weighted interior noise levels transmitted
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by the baseline panels and panels with Tight honeycomb treatment are given
in Figs. 21-26. (Due to the large stiffness of baseline Panel No. 9, no
add-on treatment is attached to this panel). The overall noise levels for
both treated and untreated panels are also given in these figures. The
structural and acoustic damping is taken to be the same for both cases. As
can be observed from these results, the effect on the noise transmission due
to stiffening the sidewall panels varies from one panel unit to another.
This kind of variation can be attributed to structural differences among the
stiffened panel units, nonuniformity of surface noise pressure and input
spectra composed of sharp peaks at the propeller blade passage harmonics.
More noise is transmitted by Panel Nos. 1 and 4 when the stiffness of these
panels is increased. However, for Panel Nos. 2, 3 and 6, a significant a-
mount of noise reduction is achieved with the stiffening add-on treatment.
The noise reduction achieved for Panel No. 2 with this treatment might not
be realistic. Experiments [3] indicate a very strong coupling between the
vibrations of Panel Nos. 1 and 2 when honeycomb panels are added. For a
relatively stiff baseline panel (skin thickness = 0.08 in) stiffened with
honeycomb panels, only a few modes are accounted for in the selected fre-
quency range 0 - 1122 Hz. A better structural model would be achieved if
Panel Nos. 1 and 2 were combined into a single stiffened panel. Such an ap-
proach was used in obtaining the results shown in Fig. 28. For Panel No. 10
only, a small amount of noise reduction is obtained with the honeycomb panel
treatment., The one-third octave and overall noise levels for the entire side-
wall are shown 1n Fig. 27. With honeycomb treatment, the overall additional
noise reduction for the entire sidewall is about 3 dBA when h = 0.286 in.

The total added weight to one sidewall is about 7 1bs.

-31-



The effect on noise transmission due to heavy honeycomb treatment (h =
0.429 in) is illustrated in Figs. 28-31 for Panel Nos. 1, 2, 3, 4 and 6 and
for the entire sidewall in Fig. 32. Since strong coupling was observed be-
tween Panel Nos. 1 and 2 [33], for heavy honeycomb treatment, Panel Nos. 1
and 2 were combined into one panel unit. Furthermore, no heavy honeycomb
treatment was added to Panel Nos. 9 and 10 and window units Nos. 5, 7 and 8.
The results indicate that about 13 dBA noise reduction for the sidewall can
be achieved with this honeycomb treatment. Heavy honeycomb treatment was

observed to be most effective for Panel Nos. 3 and 6.

5.5 Damping Tape and Mass Addition

The damping tapes chosen in this study are commercially available tapes
composed of aluminum foil, synthetic rubber adhesive (or foam adhesive) and
Tiner. These damping tapes show good damping characteristics for frequencies
in the range of 100 - 200 Hz and temperatures from (- 65°F) ~ (+ 250°F). By
applying several layers of these damping tapes to the panel surface, an aver-
age loss factor on the order of 0.2 (10% of the critical damping) can be
achieved. The theoretical loss factor of the aluminum panels with damping
tape added is estimated using the procedures of constrained layer damping
presented in Ref. 31. It is calculated that with heavy damping tape treat-
ment, the structural damping corresponding to the fundamental panel mode
would increase from Ty = 0.03 (baseline aircraft) to Lo = 0.075 (baseline
+ damping tape). The other modal coefficients are calculated from —

%o (mll/wmn) where ¢ __ are the natural frequencies of the stiffened panel

mn
units.
When damping tape with a thin constraining layer (aluminum fo1l) is

added to the panel surface, the mass of the panel increases, without an
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appreciable increase in the panel stiffness. Thus, the modal frequencies

of the stiffened panels tend to shift to the lower frequency values. For
propeller noise input, such a frequency shift could result in a resonance
condition. However, with the large damping provided by the damping tape
action, these panel resonances will be suppressed. The increase in panel
modal damping due to the addition of damping tape is accounted for by the
increase in the structural damping coefficient %o [14]. Thus, the resonance
peaks in Eqs. 12 and 13 are reduced. In Table 4, the fundamental frequen-
cies of the stiffened panels are given for several conditions of damping
tape treatment.

The A-weighted interior sound pressure levels transmitted by each panel
unit are shown in Figs. 33-38 for a damping tape treatment with a surface
density of 0.38 1b/ft2. The noise transmitted by the entire sidewall (in-
cluding windows) is plotted in Fig. 39. From these results, it can be seen
that approximately 1 - 10 dBA noise reduction can be achieved for different
panel units. The amount of noise reduction for each panel unit is influenced
by the value of the ratio added mass/panel mass (mass low action) and the lo-
cation of the panel resonance frequencies (after treatment) with respect to
the frequencies of the propeller blade passage harmonics. The overall noise
reduction for the entire sidewall is about 6 dBA and the total added weight
to the sidewall is 7.05 1bs. For the baseline aircraft, the interior noise
is dominated by the first and second blade passage harmonics, while the
treated aircraft is dominated by the second, third and fourth blade passage
harmonics. This difference is believed to be caused mainly by the shift of
the modal frequencies to Tower values.

To 11lustrate the effect of mass and damping tape addition, the noise
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transmitted by Panel Nos. 1, 2, 4 and 6 is shown in Figs. 40-45 for several
combinations of damping tape and non-load carrying mass add-on treatments.
It can be observed that when the surface densities of the added mass (non-
load carrying mass + damping tape) reach about 2.3 lbs/ftz, the noise Tevels
for Panel Nos. 1 and 2 are close to or below the selected sound pressure le-
vel of 78 dBA. A similar condition is observed for Panel No. 4 when the ad-
ded surface density reaches 1.59 1bs/ft2. However, for Panel No. 6, this
Tevel is exceeded even when the surface density of the add-on treatment
reaches 3.28 1bs/ft2. The baseline construction of Panel No. 6 is relatively
stiff when compared to that of the other panel units. The fundamental fre-
quency of this panel is 169 Hz. With added mass, the modal frequencies shift
toward the lower frequency values and the number of modes in the selected
frequency range 0 - 1122 Hz increase significantly. Thus, some blade pas-
sage harmonics could induce resonances which are not observable for the un-
treated (baseline) case.

As can be observed from these results, noise reduction does not follow
a universal rule for the uniform mass/unit area treatment of different pan-
el units. Furthermore, adding mass might even have a negative effect on the
interior noise at some frequencies. The results presented indicate a rela-
tive sensitivity of the various panels to mass and damping tape treatments.
From the results shown in Figs. 37 and 38, it can be observed that for a
treated sidewall, the interior noise 1s mainly controlled by Panel No. 6.
Panel No. 6 is located in the propeller plane and in the vicinity of where

the interior noise 1s calculated.

5.6 Honeycomb and Damping Tape Treatment

The results presented indicate that treating the aircraft sidewall with
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honeycomb panels or damping tape could have a positive effect on noise reduc-
tion. However, in some cases, a large amount of stiffening or heavy mass
needs to be added to reduce the transmitted noise to acceptable levels. It
was found that better noise reduction can be achieved for less added weight
when both of these add-on treatments are combined together. Panel stiffen-
ing is achieved by attaching honeycomb panels to the elastic skin and then
adding damping tape to the honeycomb construction.

The one-third octave A-weighted interior noise levels for honeycomb-
damping tape treatment are given in Figs. 46-52. From these results, it
can be seen that the interior noise is dominated by the second blade pas-
sage harmonic due to the noise transmitted by Panel No. 3. Even though a
significant amount of noise reduction is achieved at most frequencies with
honeycomb-damping tape treatment, the noise levels at the second blade pas-
sage harmonic are about 10 dBA above the selected optimization level. How-
ever, by adding a very stiff honeycomb panel (surface density = 1.4 lb/ftz)
to Panel No. 3 and then applying damping tape, a desirable amount of noise
reduction can be achieved as shown in Fig. 53.

5.7 Additional Noise Losses Due to Acoustic Blankets, Septum

and Trim Panel

The additional noise losses ATL are calculated for various combinations
of acoustic blankets, septum and trim panels using the procedures given in
Section 3.7. Numerical results were obtained for the following data: n =
0.04 (no damping tape), n = 0.08 (with damping tape), ¢, = cg = 1128 ft/sec,
D, = 88 1o -fté/sec?, b = 149,133 b -ft%/sec?, W = 3731 1b -Ft?/sec?, o,
= 0.07657 1b/£t3, o, = 0, = 0, = pgs o, = 0.864 15 /Ft, o, = 21.55 1b /ft3,
K, = K, = 14.7 psi, R, = 64 Tbs-sec/in".
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The additional transmission losses across a sidewall are given in Figs.
54-58 for acoustic blankets and for semi-rigid materials. A semi-rigid ma-
terial would correspond to a material which does not have loose fibers and
is heavier than an acoustic blanket. The propagation constants of semi-rig-
id materials were taken from Refs. 5 and 31. The results in Figs. 54-58
show that the general trends of ATL are similar for both of these models.
However, for large surface densities of trim panel, a stronger double wall
resonance condition is observed when the space between the two walls is
filled with porous acoustic blankets. Furthermore, with increasing cavity
depth, semi-rigid materials show an increasingly larger amount of ATL when
compared to the results obtained for acoustic blankets. Thus, for distances
between the exterior skin and the trim panel on the order of 4 in or more,
semi-rigid materials would provide significantly greater noise transmission
Tosses than noise losses from acoustic blankets.

The effect on ATL due to variations in the surface density of the trim
panel and septum is illustrated in Figs. 59 and 60, respectively. These
results indicate that with increasing surface density of the trim panel, a
stronger double wall resonance condition is observed. However, the frequen-
cy bandwidth of the double wall resonance region decreases with an increas-
ing surface density of the trim panel. For larger values of Hg (above 0.3
1b/ft2) and for frequencies above 250 Hz, ATL seems to double for each dou-
bling of the frequency. These results tend to indicate that a heavy trim
panel might have a negative effect on noise reduction for this aircraft in
the frequency range of about 80 Hz - 200 Hz. The first two propeller blade
passage harmonics are within this frequency range. For a septum with a sur-

2

face density above 0.1 1b/ft™, a strong double wall resonance is observed
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between the elastic panel and the septum. The double wall frequency can be
calculated using the formulas given in [5]. The frequency of this resonance
is higher than that of the double wall resonance of the elastic panel-trim
panel configuration. This is due to the fact that the distance between the
elastic panel and septum is one-half the distance between the elastic panel
and the trim panel. A heavy septum (0.1 - 1.0 lb/ftz) might have a negative
effect on ATL in the frequency range 125 - 250 Hz. The second and third
blade passage harmonics are in this frequency range. For frequencies above
300 Hz, a significant amount of ATL can be achieved with a heavy septum,
From Fig. 63, it can be seen that when the surface densities of both the
septum and trim panel are large, two double wall resonance conditions are
observed in the frequency range 100 - 300 Hz. Thus, a heavy septum and
heavy trim panel might have a negative effect on noise reduction in this
frequency range even though a large ATL can be achieved for higher frequen-
cies (above 300 Hz).

The additional noise losses corresponding to different cavity depths
and a very light septum are shown in Fig. 61. A significant amount of noise
Toss can be realized for deep cavities and for frequencies above the double
wall resonance frequency. In fact, as the distance between the elastic pan-
el and the trim panel increases, the doubie wall resonance frequency decreases.
The effect on ATL due to the location of the septum 1s shown in Figs. 62 and
63 for a Tight and heavy septum, respectively. For a heavy septum, signifi-
cant differences in ATL were observed for the different distances between the
elastic panel and the septum. Two double wall resonance conditions were ob-
tained in the frequency range 100 - 300 Hz. In this frequency range, some

advantage inm ATL can be gained by locating a heavy septum near the trim panel.
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5.8 Noise Transmission Through Windows

The noise transmitted through window units (Panel Nos. 5, 7 and 8) is
shown in Figs. 64-66. These results are based on simply supported "equiva-
lent" single sheet plexiglass panels as described in Sections 3.3 and 5.1.
As can be seen from those results, the noise transmitted by Panel Nos. 5
and 7 satisfy the selected upper noise 1imit for all frequencies. However,
treatments needed to be added to Panel No. 8 in order to meet the upper 1lim-
it criterion. This was achieved by reducing the window area and adding damp-

ing tape to the interior side of the window.

5.9 Noise Optimization in the Aircraft

The interior noise in the cabin was optimized utilizing the computation
procedure shown in Fig. 15. In this approach, the noise transmitted by each
panel unit was calculated for each add-on treatment and then for a combina-
tion of several treatments. The amount of treatment was increased until a
selected target noise level at a critical point in the cabin was reached.
An interior point in the propeller plane at about ear level and 8 inches
from the sidewall was selected as the critical point in the cabin. A level
of 78 dBA for all one-third octave frequencies was taken as the upper bound
for the noise transmitted by each individual panel unit. The treatment or
combination of treatments which reduces the transmitted noise to this value
for the least amount of added weight was assumed to be the best treatment
for that panel unit. Then, the one-third octave and the overall noise lev-
els were calculated for the entire sidewall for the same add-on treatments
considered for individual panel units. An 88 dBA overall noise level was
selected as the optimization target for the noise transmitted by the entire

sidewall. The one-third octave 78 dBA and the overall 838 dBA levels were

-38-



selected as typical optimization goals for the present aircraft. Depending
on the required comfort criteria for a particular aircraft, these levels
could be adjusted to meet the prescribed conditions of interior noise. The
non-structural add-on treatments applied to the fuselage sidewalls were eval-
uated for low surface density and high transmission loss. The add-on treat-
ments included honeycomb panels, damping tapes, non-load carrying mass, por-
ous acoustic blankets, septum barriers and trim panels. Acoustic blankets
were added to all the panels except the windows.

The results of the optimization study are given in Figs. 67-73 for the
individual panels and Fig. 74 for the entire sidewall. Since the amount of
add-on treatments varies from one panel unit to another, the surface densi-
ties given in Fig. 73 for the sidewall are average values. The added weight
was calculated by multiplying the total surface density by the panel area
and then adding 5% of the total weight. The optimized interior noise in the
cabin at the selected point is 88 dBA. The measured average noise levels in
the cabin are typically 3 - 5 dBA less than the highest noise level at the
selected critical point [9]. Thus, the optimized average noise level in the
cabin would be about 85 dBA. Furthermore, experimental data for this air-
craft suggest that no significant increase in interior noise is observed when
both engines are running as compared to only one engine running [21]. There-
fore, the noise transmitted by one sidewall is taken as the total interior
noise in the cabin.

To reach the 85 dBA (average) noise level in the cabin, 30 1bs. of add-
on treatments were added to one sidewall (a total of 60 1bs. for both side-
walls). 1In addition, Tight treatments (damping tape and acoustic blankets)

need to be added to the ceiling area of the aircraft. For a ceiling area
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2 and surface density of damping tape equal to 0.25 1b/ft2,

of about 47 ft
the weight of this treatment is about 15 1bs. Interior furnishings such
as carpeting and seats are not included with the add-on treatments.

From the results shown in Figs. 67-74, it can be observed that the most
critical noise path is through Panel No. 6. The input noise levels pre-
scribed for the sidewall were highest over the region where Panel No. 6 is
located. Other panels which seem to transmit high noise levels are Panel
Nos. 1, 2 and 3. These panels are also located in the vicinity of the pro-
peller plane where the input noise levels are high. By stiffening these
panels, damping out the resonance vibrations and using absorptive materials,
it is possible to reduce transmitted noise to acceptable levels. To isolate
the vibrations of the skin-stringer panels from those of the limp-mass trim
panel, damping tape with a thickness ranging from 0.25 in - 0.5 in is attached
to the stringer as shown in Fig. 74. In addition to the vibration isolation,
such a construction would increase the distance between the elastic skin and
the trim panel, allowing for greater additional noise losses.

The overall A-weighted sound pressure levels are plotted versus the ra-
tio of treated/untreated weight for the sidewall in Fig. 75. The points cor-
responding to baseline and optimized conditions are connected by a straight
line. These noise levels are assumed to be the average sound pressure lev-
els in the cabin. Several points are included in this diagram to illustrate
the effect of uniform treatment on all the panel units (except windows).

For a 1ight treatment with damping tape, honeycomb panels and honeycomb-
damping tape, the points are located near the straight line. However, for
a very heavy add-on treatment with damping tape and non-load carrying mass,

significant deviations from the straight line relation are observed. These
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results tend to suggest that a Tinear relationship might be established be-
tween the noise reduction and added weight, if the add-on treatments are se-
Tected according to the optimization procedure used in this study. The final
configuration of the aircraft sidewall with add-on treatments is shown in
Fig. 76. There are basically three types of add-on treatments used for noise
reduction: honeycomb-damping-tape-acoustic-blankets-trim, damping tape-
acoustic blankets-trim and damping tape (windows). However, the surface
densities of these treatments could vary from one panel unit to another.

The distribution of the surface densities (baseline + treated, treated) for
the optimized sidewall are given in Fig. 77. These results indicate the
relative amount of treatment used for different panel units. The greatest

amount of add-on treatment was applied to Panel Nos. 3 and 6.

6.0 Conclusions

An analytical model has been developed to predict the noise transmis-
sion into a twin engine G/A aircraft. The model has been used to identify
the airborne noise transmission paths and to optimize the interior sound
Tevels due to propeller noise inputs. The average cabin noise levels in
the baseline aircraft reach a maximum of about 105 dBA and these Tevels are
about 20 dBA higher than the optimization goal of 85 dBA. The results in-
dicate that the required noise reduction has to be achieved mé1n1y in the
Tow frequency range of 70 - 350 Hz. For the type of aircraft considered,
the first four propeller blade passage harmonics are within this frequency
range.

The required noise attenuation has been obtained by add-on treatments

which do not involve changes in the fuselage primary structure. These add-
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on treatments include lightweight aluminum honeycomb panels, constrained
Tayer damping tape, porous acoustic blankets and 1imp trim panels. Due to
the non-uniform input pressure distribution and different structural dynamic
characteristics of the sidewall panels, the amount and type of treatment
applied to achieve the required noise reduction varies from one panel unit
to another., The study indicates that the heaviest amount of treatment needs
to be applied to those panels located in the vicinity of the propeller plane,
Of the techniques investigated, the combination of honeycomb panels and con-
strained layer damping tape applied to the aircraft skin seems to promise
the required reductions in noise transmission in the low frequency region
(70 - 350 Hz). Noise attenuation for higher frequencies can be achieved
with a double wall system composed of porous acoustic blankets and Timp trim
panels which are isolated from the fuselage vibrations. However, a heavy
trim panel might not always be beneficial for noise control since double
wall resonances might coincide with one of the low frequency propeller blade
passage harmonics. The optimization study indicates that to reduce cabin
noise to a satisfactory level for the least amount of added weight, a com-
bination of different add-on treatments needs to be used. The total added
weight to the aircraft is about 75 1bs which is about 1.1% of the take-off
gross weight. It should be noted that in achieving these values the effect
of potential flanking paths and noise entering through the front and rear
bulkheads have not been included in the analytical model.

The analytical prediction method has been validated experimentally with
laboratory tests wherein all parameters could be carefully controlled or
measured. A relatively good agreement between theoretical predictions and

experimental observations in the field under static operating conditions
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has been achieved for the baseline aircraft. Further experimental valida-
tion of the predicted noise reduction for the optimized aircraft is needed,

however,
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Table 1 Material and Geometric Properties of Stiffeners

Pane] ESX10-6 szlg Iyxlg2 S, ?z cy JS4 Cx12 Cw§xé0 A2 )

Unit psi in in in in in in in in in in
1 10.5 .347 .736 1.0 0.0 .323 .169 .189 .903 .038 | 26.4
2 10.5 .810 }1.370 1.0 0.0 .319 .369 2.92 2.12 .203 26.4
3 10.5 .651 |1.440 1.0 0.0 .320 .328 1.46 1.70 .161 26.4
4 10.5. .651 11.440 1.0 0.0 .320 .328 1.46 1.70 .161 23.5
6 10.5 .483 .926 1.0 | 0.0 .321 227 5.42 1.26 .118 19.1
9 10.5 .810 |1.370 1.0 0.0 319 .369 2.92 2.12 .203 5.25
10 10.5 .651 |1.160 1.0 0.0 .320 .300 1.46 1.70 .161 23.5




Table 2 Natural Frequencies of Sidewall Panels (n =1, 2, 3)

_87_

. Frequenciers, Hz
Panel Unit Theoretical Experimental
. 72,84,111,149,172,178,181,189,224,228,245, |71** ,86%*,137 461%%),166,172, ,183,189,
954,259,276 ,338, 345,359 234 £41),261 @EE),Z ',288',310™ 336"
943,114* {161,217 ,224,241,069 1,276,282,
2 104,205,240,247,271,333,390,399 gnﬁg.’310., HEE
3 62,77,122,127,140,159,194,198,201,248,285, Ho data below 100 Hz
292,299,348,357,371,392,414 152,201,228,270  (Crude data)
68,80,95,130,138,155,160,173,196 ,223,230,
4 237,256,264 285,300,310, 340,375, 384 ,406 Insufficient data
58 58,70,108,117,143,230,322
169,188,239,258,260,344 ,384,403 170(174) ,219,232,240,252 ,264 £78),305
122,284" 323,406 Exterior window only
+ 72*,97,112,€;§,146,158,167,185,194,209,
8 72,223 223+,243+,2;3?2 283+,321
9 276,296,338,377 No data
10 147,206,324 ,348,434 No data
window dilatational mode { ) two frequencies for similar mode
* global modes perticipating ! coupling, between panels 1 and 2

even modes with n (n = 2, 4, ...)
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Natural Frequencies of Stiffened Panels for Aero-
Commander Sidewall with Honeycomb Add-On Treatment

Table 3
{First Frequency Band)
Panel Baseline-Untreated Honeycomb Honeycomb
h = 0.286 in h = 0.429 in
Unit Hz Hz Hz
1 72, 84, 111 161, 194, 262
{ 199%, 232%, 307*
2 104, 205 124, 192
3 62, 77 184, 233 405, 510
4 68, 80, 96 229, 250, 300 292, 336, 403
6 169, 188, 259 347, 413, 512 519, 617, 765
9 276 379 X
10 147 327 X

Panel Units 5, 7 and 8 are windows
Panels 1 and 2 combined into one unit

*
X Frequency above 1000 Hz
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Table 4 Fundamental Frequencies of the Stiffened Panel Units

with Different Damping Tape Add-On Treatment

Damping Tape

Damping Tape

Damping Tape

Panel Baseline-Untreated | ¢ pn - 38 1p/ft2 | S.D. = .78 1b/ft2 | S.D. = 2.42 1b/ft?
Unit
Hz Hz Hz Hz
1 72 57 51 33
2 104 92 8 57
3 62 50 a5 20
4 68 54 48 32
6 169 131 116 75
9 276 214 189 127
10 147 131 121 84

S.D. = Surface Density




-'[S..

75

30

PASSENGER \
CABIN BAGGAGE

A

Fig. 1 Twin-engine aircraft used in the noise optimization study



S50in. SIDEWALL MODEL

Fig. 2 Structural features of a twin-engine 1ight aircraft



-ES-

°c—7

\

d

\Y \
a ]

Fig. 3 Simplified geometry of aircraft cabin model

B L
| i) | | |  OTHER
m— FLEXIBLE
l NN K | I
I, a1, = { | PANELS
: \E‘\\ NOISE |
\ l | P ! ! X
| | | —
\STIFFENED PANEL



-Vg-

_6.25" 71" 53"

26.4"

Fig. 4 Aircraft sidewall used for noise transmission study



)}

u

n FRAME

A

X _ i

STATION NO

Fig. 5 A multispanned skin-stringer system

-55-



e L, ——

| AANMAVUMMA RSB AN S N S 8 AN RN 8 R 8 N

I’"

Fig. 6 Geometry of a double wall window construction

-56-



-Lg-

135

125

I8

105

SPL

(dB) 95

85

75

65

55

45

35

"«J«

-

r—propellor plane

— O rueL w0
) :
- t}_.. 6 ( /® QMFM
k.; ]
| OA = 126 dB N7 278 | smeecess
: ﬁé& dl o lo| [@
| — unit under study AV | .
r._’;l_”' 73° !”! fi’”' [ 3 (] 83°] o3 Qg_‘
| | | | | | | | | |
100 200 300 400 500 600 700 800 900 (000 1100
FREQUENCY (HZ)
Fi3. 7 PROPELLER NOISE INPUT (PANEL UNIT No. 1 )



SPL
(dB)

-89-

135

125

105
95

85

75

65
55

45

35

u L) «
i | ‘1 “ w H
- y —propeller plunb raret N0
)
P o/
- ‘3 ) c:? ) _@_[/&/L,M
Z b
__ OA= 132 dB . ég é = STRNGERS
2 ® 3] O |8 ®
%
[ - unit under study | 7 \
3] 7% 7”'!!”! enc-| e le 03] o3 20_'J
| | 1 ] | ] | | | |
100 200 300 400 500 600 * 700 800 900 1000 1100
FREQUENCY (H2)
Fig. 8 PROPELLER NOISE INPUT (PANEL UNIT No. 2 )



SPL
(dB)

135

125

105
95

85

75

65
55

45

35

|
|
| y F—propeller phn&)mnuo
) Ll s
N L
111 % / q
| E}_" ® ®_ I Y% ©l [_y 7 FRAME
- STRINGERS
. OA = 126 dB ' = s
. 3 ® 0 D 1 ®
- - unit under study i l \
8rlrs my Q‘B! 141_021'! 0 18 83°] 83" 1 0O |
| | | ] | l | l | i
100 200 300 400 500 600 700 800 900 1000 1100
FREQUENCY (HZ)
Fig. 9 PROPELLER NOISE INPUT (PANEL UNIT No. 3,7)



-09-

135

iI25 p—

ol | ﬁ | *' | | |

(8) 95 }—

85 [

75 =

65— y O rareL N0

55 p—

$25" I 4Y

45 |— OA = 129 dB

284
©
d—-

35— - unit under study

._.!_'_L‘H' 17371 979° IA'OH' (1
i I | i 1 | 1 | ! !
100 200 300 400 500 600 700 800 SO0 1000 1100

FREQUENCY (H2)

Fig. 10 PROPELLER NOISE INPUT (PANEL UNIT No.4, 9, 10)



SPL
(dB)

-'[9-

135

125

-]

105

95

85

75

65

$5

45

35

1

| y r—propeller plunz)mm”u

(% Tz,

n L /
. ;:i‘”' ¢ %K (I o || E@  Frae
_ OA = 134 dB ! A~

b 0] G ) 10 ®
. 74 — unit under study I

L;s_'Ln' 773 978" 4.”' 03" 16 997 oy o

100 200 300

Fig. 11 PROPELLER

NOISE

400 500

600 700 800

FREQUENCY (HZ)

INPUT

{PANEL UNIT No.

5 )

900 1000

1100



135

_29—

125 F——
s |— ﬁl
o - EEEEEEEE |
SPL
(48) 95 |
85 f—
a .
75 [—
65- - y —propeller plonz)m‘mo
L ~ 22" =
_ H11|%e |Ed|%e @_[/@/]
°° k 2 v
|- STRNGERS
OA = 134 dB , . L]
o : 11 lo]l | & J? lo @7
35 j— - unit under study l \
.’_l__!_'l_'li' 773°1 9 ! 29" 0% |6 993°] 0% RL
1 | | \ ) | | | | \

100 200 300 400 500 600 700 800 900 1000 1100
FREQUENCY (H2)

Fig. 12 PROPELLER NOISE INPUT (PANEL UNIT No. 6 )



135

-89-

iI25 —
i8S }—
105 }— ‘
SPL
(dB) o5 |
85—
75 =
65l y —propésiler plnn:)"mu”o
v 74 pA Z
55 |— " ® (' o ||® rrm
45 — OAs 119 dB ' | /7 STRNGERS
: 41 ol | dl @ (o] [®
| 4 - unit under study | | X
35 .rg_;l_;n' 773° Qﬂ—! d—'—'l 83" ool 03] e3° 1 0o |
| ] i { | | i | 1l ]

100 200 300 400 500 600 700 800 900 1000 1100
FREQUENCY (H2)

Fig. 13 PROPELLER NOISE INPUT (PANEL UNIT No. 8 )



ACOUSTIC BLANKETS

exterior interior
[
A
A
o | AN LR LA A,
v
’ .
{ /4E_—':9”
(1) Y p 6
p .
T ! j
H (s1ce)
L A(6
el LA ,J
P q »
' f g
q A
.. d 2
15 L
P ARG SRR
STIFFENED TRIM PANEL
PANEL (pg= 1b/44%)
(= 10/1%) SEPTUM,

(12 1b/11)

Fig. 14 Geometry of sidewall treatment

-64-



Propeller noise
input

Structural modes and
frequencies for each
panel unit

Structural details
damping tapes, mass ad-
dition,honeycomb panel

%

Generalized
random forces

[

Structural
damping

Response of single
panel unit

Acoustic modes
and frequencies

Acoustic damping
wall absorption

—

. . Acoustic blan}
sl e B ket septun
Py g P traim panels
Additional noise
losses r—
ATL
A-weighted
zitntt e noise levels
pu single panel
Read new add-on
information
Repeat for
+ all panels
Print A-weighted
output fetacm) noise levels Fig. 15 Flow diagram for
sidewall )
l computation of interior noise
End

-65-



0 - shear center
C' - centroid

S - point of stringer attachment to the skin

skin cz

, / Cy
stringer

Fig. 16 Details of skin-stringer construction

-66-~



=———————  Theory

- — = — Experiment

Fig. 17 Mode shapes of a stiffened panel for the
first frequency band (panel No. 6)

-67-



OA =121 dB

oo

145
Theory:
135 o Experiment: OA= 110 dB
12s |
SPL s |
(dB) *
105 |
95 |
& 85 L
75
r—
65 |-
55
45 { | i | | i 1 | ] | ]
100 200 300 400 500 600 700 800 S00 1000

FREQUENCY (HZ)

Fig. 18 Sound levels in the aircraft cabin



without cross-modes

---- with cross modes

- - T ey o
- .

(8Pp)

NOILONA3Y

-69-

3SION

10

200 300 400 500 600

100

(Hz)

FREQUENCY

Noise reduction for a stiffened panel with and without cross-modal terms

Fig. 19



_OL-
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

3 3
~ s %
- SV
100 [~ PR
— 0. s S —— baseline 1 OA = 107 dBA
= . % | --—no convection: OA=112 dBA
L e ]
%0 - :
80 |
: y PANEL NO
= S\ MMM eSS S
(dBA) - b
— & 3 \@\\\\<\\ ® L FRAME
— TERARY
70 — & A\ \uvh AN .
— l) \§ \%\\ \_\% L STRINGERS
— 3l \ \\\\\> g \
= k\\\\\\ \\ \\\\ \ \\ .
60 :— 8s°] 73"l ems B erst) o3 00] 83°] 8% | 0O
=
— - unit under study
—
50 [—
a0l 4 L 0 0y
3.5 © S0 80 |25
25 40 63 100 1607 250" 400 630 C 006 0

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)

Fig. 20 Interior noise levels with and without convection



-'[L—

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100

)
o

(dBA)

90

80

70

60

50

40

*”PER LIMIT

flllllIP1IIIIIﬂTﬂlllﬂTlPlﬂlll 1 lllllllll]ﬂﬂlllll

| b1 1

~nN
Lw

LS 50 80
40 63 100

5 500 1250
400 630 0

— baseline t OA = 94 dBA
~-~-—honeycomb : OA = 152 dBA

added weight = 1.63 |bs.
panel area "= 4.4 sqft.

QO PanEL NO
: P4 7
N y Y
i e |lLe ||’e lg 7® /,,m

_)7-smas

NN

3 INSONN

NN
)
®
®

173°] 079° Bﬂlﬂ' 9”107 83°] ¢3%° ] wo

- unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)

Fig. 21 Interior noise levels with honeycomb treatment (Panel No. 1)



-ZL-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100
——baselinet OA= 92 dBA
— ~-—honeycomb t A= 72 dBA
90 [— added weight = 1.02 Ibs.
- panel area “= 2 75 sqft.
— CUPPER LIMIT
80 :..\ A panel skin ( 1.6 lhAqft.)
i honeycomb ( 0-37 |haqft.)
s E v
(den) E
70 |—
—
- A
— / \
- \\
60 :.; \\ - ' O paneL NO.
= -7 CHH
= v (% |1 (70 ).
= : a7
5o == zL /, é /7-smns
— ? 0 2 ) 1O ®
— L/
E [ 2 & bis .ﬂ"L 973°] 837 16 83°] o3 &L i
q0 11 L1 1 ¢ 0 1 b1ty

(7

L5 50 80 125 200 315 500 B00 1250 3
25 40 63 100 60 250 400 630 1000 = unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

Fig. 22 Interior noise levels with honeycomb treatment (panel No. 2)



-EL-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 00002 pbar

100
—— baseline 1t QA = 102 dBA

~~—honeycomb 1 OAs 94 dBA

added weight =1.27 Ibs.
panel area " =3.44 sqft.

UPPER LIMIT
\ A panel skin  ( 0.89 |hssqtt)

honeycomb ( 0.37 lhAqft)

90

80

(dBA)

70

60 QO PaneL N0

sy
o)
®
N\

l_é_ 7® /,,M

50 /7—smmms
®

\\E\\

©
Q
NONN

[%2]
o
T T T T o T T T T i

8917137117137 079" IJ 073°] 93° leo] 89°] 93" | 0O

U S T T TN SN N T N O TR T N |

L5 50 80 125 200 315 500 80O 1250 )
25 40 63 100 160 250 400 630 1000 — unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN H2 (cps)

40

w

Fig. 23 Interior noise levels with honeycomb treatment (Panel No. 3)



-VL_
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100
- ——baseline :t OA= 95 dBA
- A -~—honeycomb : OA = g3 dBA
~ \\
90 — | added weight =1.90 Ibs.
- \ panel area *=5.13 sqft.
— |
— CUPPER LIMIT |
80 :_\ \\ panel skin  ( 0.75 |hAqft.)
. = ‘\ A honeycomb ( 0.37 lbsqft)
(dBa) = \
70 — \\
= \
— \
= \
60— v N~ Y O PaneL N0
- )
- I %4 74
= : e}l e |l'e E 7® ) prae
= A/, é-smns
50— /
= i) lo] | @ J) h@%% /
= MNA
: 0yl limsl erss Bl o] o9 [eo] 03] 03 | wo
40 C1 P11 (11 1
s 00 315 500 800 1250 .
25 250 400 630 1000 -~ unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)

Fig. 24 Interior noise levels with honeycomb treatment (Panel MNo. 4)



-SL-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100
—— baseline ¢t QA = 106 dBA

--—honeycomb 1 QA= 95 dBA

added weight = 0,72 Ibs.

90
panel area °=1.94 sqft.

panel skin  ( 0.86 IhAq.ft.)
honeycomb { 0.37 lhAqft.)

80

Y’PER LIMIT

)
&

(dBR)

70

]lllIllﬂllﬂllﬂll]]llmﬂ l'ﬂllﬂl”]ﬂﬂll]ll

60 Q PaveL MO
e 2Ll
{11 % |Fed|%e ||l 70 ] ...
; 7/ 11—
50 / rsnmoeas
E gl 1o gl o |e @7
—
bos 83°1715° {1 073" d_gﬂ' 99° 1607 837 93" o
401 1 T N I N A I I
3,5 50 80 125 200 315 S00 800 1250
25 40 63 100 160 250 400 630 1000 - unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {(cps)
Fig. 25 Interior noise levels with honeycomb treatment (Panel No. §)



-9[-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

00 — ——baseline s OA = 8 dBA

— ~~—honeycomb : QA= g5 dBA
= \

90 = added weight = 0.42 |bs,
- panel area ‘= 1.1 sqft.
— CUPPER LIMIT

80 E—\ \ : panel skin  { 0.6 |bAsqft)
— honeycomb { 0.37 lb/Aqft.)

SPL [~
(den)

70 —

= A e ,
— A O PaneL NO.
S / 7% 7
— v y 7
— : e |le ll’e l_@ 70 P

50 _:_. ) W - - STRINGERS
— | 0] 6 3) é ®
~ % _
: .r!u‘ 773" 973° A!ﬂ' [ 14 lOJ 83°] 9% 9_(:_1

40 | 1 4 1 1

3,5 50 80 125 200 315 500 800 1250 ]
25 40 63 100 160 250 400 630 1000 — unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

F1g. 26 Interior noise levels with honeycomb treatment (Panel No. 10)



—LL-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 00002 pbar

100
~——— baseline 1t OA = 107 dBA

~~—honeycomb : OA = 1094 dBA

added weight = 7.0 Ibs.

90
panel area = 29 sqft.

panel skin  (1.15 |hAqft)

—
-
-
80 —
[ honeycomb (0.37 thAisqft)
(.,SS‘,;, -
70 —
60 E'.— ' Q) PaNEL NO.
E 3 \i%\i‘\ Ll\\\\
= T ARSI e
50 ;l \W \w \\ . sTRNGERS
E ‘\\ \5 ‘\
= AN WY
: 251 13" 13" .‘H"LA!”' .i;!. 83°1 93" ] WO
40 C [ IR O N IO I |

00 315 500 800 1250 )
250 400 630 1000 — unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

Fig. 27 Interior noise levels with honeycomb treatment (Sidewall)



-8[-
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

)
1o - ~—— baseline:t OA= 97 dBA

~ --—honeycomb : QA= 385 dBA

90 - added weight = 10.01(bs.
— panel area ‘= 7.15 sqft.

60 = ,‘\ /\ panel skin ( 1.06 lhAqft.)
— f “ v honeycomb ( 1.4 lhAqft)

s | Iy
(dBA) — I\

— 1’ v /A

70 |—
— ] /N —
— I '/
[~ I
— |

60 [— } Y O PaneL N0
— b 7
- $7111 % A g
= : ® b @ ||7e {lo]| 7@ fprone
— 4 =

so = . % /V%f/ B STRNGERS
= 7K %/éf {’ o {®
— I 4 //J/// .
—:- 83173711731 973° B e23°] 93" 8. 891 o9 ﬂi

q0 C1 I N I O I T O N O
3.5 50 80 125 200 315 500 800 1250 )
23 40 63 100 160 250 400 630 1000 - unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

Fig. 28 Interior noise levels with heavy honeycomb treatment (Panels 1 and 2)



—6[—

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

e

90

UPPER UIMIT
\ A

—— baseline :t QA = 102 dBA
-——honeycomb :t QA= gy dBA

cdded weight = 4.76 Ibs.
panel area

"= 3,44 sqft.

panel skin (089 |haqtt)
honeycomb (1.4 lbsqft)

HOIR
N
N
i

|- STRINGERS

NN
\;% o
©\

87" b3l 023°] e9° 1e0] 83°] 9%} wo

=
[
80 —
]
SPL — [\
(dBA) |- / \
= M
70 — l\ / \\
— [\V] \
= A )
- | \\// \ 7
605- A II v k\// Y
= I\ J 7
= v HH L
s0 .
[ b ®
40:I | | SN VNS VR TR N U NSO TON N N TN |
345 ¢ 80 125 200 315 500 800 1250
25 40 63 100 160 250 400 630 1000 -

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)

unit under study

Fig. 29 Interior noise levels with heavy honeycomb treatment (Panel No. 3)



—08_
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 00002 pbar

100

2

(dBA)

80

70

60

50

40

IRARRRRRA

IHHHHIIIHWHII]TIIﬂﬂ lllllllllll]ﬂll”n

L1

L1 1

80
3

100

125

160

200 315
250

[

400

50

0 800 1250

630

1000

—— baselina : OA = 95 dBA
=== honeycomb ; OA =

87 dBA

added weight = 7.21 Ibs.
panel area ‘= 5 15 sqft.

panel skin  (0.75 [hAqft.)

honeycomb (1.4 {hAqft)
y O PaneL MO
b
N # Z;
e |le e |[© 70 e
)} \»—SMRS

S

IRRANN
ém

u‘j 73| me na'_L_ranr 0 w‘l 23] o3 | 0o
t

74 -~ unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)

Fig. 30 Interior noise levels with heavy honeycomb treatment (Panel No. 4)



_'[8-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbor

100
- ——baseline : QA = 106 ¢BA
- ~~—honeycomb : QA= 90 dBA
90 E added weight = 2,72 Ibs.
F panel area ‘= 1.94 sqft.
-~ CUPPER LIMIT
80 :‘_\ panel skin  ( 0.86 |hAqft.)
= honeycomb ( 1.4 ibsqft)
SPL —
(dBA) |
70 —
=
60 E—- y O PaneL nO
- »)
- N A % 7
= H110 %o ||©ll 70 )L mue
— ¥ / B Zf
50 F— B e R
= {1l o] | 4] ¢ || [@
E 8371737 17713°) 973" B2} 923°] 93 Jeo] 03] 99" ‘m )
ao L1 1 [T T T T I A
3.5 © 50 80 125 200 315 500 800 1250 i
25 40 63 100 160 250 400 630 1000 -~ unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

Fig. 31

Interior noise levels with heavy honeycomb treatment (Panel No. 6)



-28-
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100

90

80

%)
~

(dBRA)

70

60

50

40

lllITlllllllllllllllllﬂTlllllll”” ]lﬂlllllﬂ]TIHHllrlllﬂ.

')
O

1250
0

—— baseline : OA = 107 dBA
--—honeycomb :t QA= 94 dBA

added weight = 25 [bs.
panel area ‘= 29 sqft.

panel skin (

honeycomb (

1,15 thssqft)
1.4 IhAqft)

O paneL nO.

NRaE

ez Ay

7z

L7 FRAME

3

X

-

TR
RN

b‘g \}- sTRrGERS
NN

M G

s >

8371 73" 17173} 978°

93%° | wo

S

Fpe

- unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

Interior noise levels with heavy honeycomb treatment (Sidewall)



_88-
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 00002 pbar

100
—— baseline t QA= 94 dBA

-~-— damping tape: OA = 89 dBA

added weight = 1.67 Ibs.
panel area ‘= 4.5 sqft.

90

_—

panel skin  ( 0.73 |hAq.ft.)
damping tape ( 0.38 |h/sq.ft.)

80

—

\UPPER LIMIT
I

[%2]
e

(dBA)

1002 THISTXIIETEZGIIITITEGd01s:"Y

70

]llllTlllIPﬂlﬂlllllrﬂ]ll IP”HIHI]”HTHH

60 y O PaneL o
v 24 Z
%4 H1% ([l |[6l] 70 )] e
v B ydt
¢ 5
50 ) / /?/ K7 STRINGERS
= 3 % N | o lo o
S G4 _
E OSJJS' 773°] 978° ﬁ_‘!_‘l‘ 93° 180r] @3°] 9%} o
40 C 11 | IO T Y Y A N U TR T O O I |
3.5 * 50 80 125 200 315 500 800 1250 )
25 40 63 100 160 250 400 630 1000 - unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

F1g. 33 Interior noise with damping tape treatment (Panel No. 1)



ve-
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 ubor

100

90

80

\UPPER LIMIT

g

(dBA)

70

60

lllﬂﬂlllIIHHTITIHIHUIIIWFII 1F1lll|llllﬂllllll

|
/
50 /
/
qoC 0 V70 1 bbb
3,5 50 80 125 200 315 500 800
25 40 63 100 160 250 400 630 1000

——baseline s QA= 92 (BA

~~—damping tape: DA = 91 dBA

1.10 Ibs.
2.75sqft.

added weight =
panel area ‘=

panel skin (1.6 IhAqft)
domping fape { 0.38 |hsqft.)

2277 R TP 7 7 7 TP

Y Q PaneL 8O
R e
)y /, 7-srm:.ens
3 1ol Vel o e [

a1 !EL'L 923" o3 ‘UJ 23°] 8% ‘911 )

1250

- unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)
Fig. 34 Interior noise with damping tape treatment (Panel No. 2)



_98-
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbor

100
—— baseline : OA = 102 dBA

--—damping tape: OA = 92 dBA

added weight = 1.31 Ibs.

90
panel area - = 3.44 sqft.

panel skin  ( 0.89 |hAqft.)
damping fape { 0.38 lhAq.ft.)

80

w
i

(1210 TRINITIIEITEGOIITITLE )9S

(dBA)

70

60 Q PaneLNO
N # Z P
E o |Le |’e |le]| 7@ e
50 //V / - stncess
4] lo| | d / o [o
7
sy 25 fam} ooy 314_-1_1' 03 Joo] oy oy ;log'_l )

IHI]HIFITTWUIIIWHHHFW”H ITHHIIU I]Hllﬂlll

NS I T N U U T O O T |

3,5 50 80 125 200 315 500 800 1250 )
25 40 63 100 160 250 400 630 1000 - unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)
Fig. 35 Interior noise with damping tape treatment (Panel No. 3)

P

40




-98-
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 00002 pbor

100

90

80

[%2]
p

(dBA)

70

60

50

40

\UPPER LIMIT

e

llllllllllllﬂlllﬂflﬂﬂﬂl I]HHHIHIHHT]TI

Jllllllllllll

n
0w

[
1.5 50 80 125 200 315 500 BOO
40 63 100 160 250 400 630

~——baseline t A= 95 dBA
--— damping tape: DA = 93 dBA

added weight = 1.95 Ibs.
panel area ‘= 5.13 sqft.

panel skin  ( 0.75 |hAqft.)
domping tope ( 0.38 {hsqft.)

1000 VALIIUIIL AV IIGOTLUAT L 420",

QO pPaneL N0
T % | 1l7% l'é' 78
B — FRAME
3 STRINGERS
illol 14| o e /L E@‘
447
83| 731173l 973" q_!”' 93" 1607 83| o8 ﬁ‘_‘

1250
1000

- unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

Fig. 36

Interior noise with damping tape treatment (Panel MNo. 4)

An



_L8—
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100
—— baseline 1t OA = 106 dBA

~~— damping tape: OA = 96 dBA

added weight = 0.74 lbs,
panel area = 1.94 sqft.

90

panel skin  ( g.g5 lh/Asqft.)
domping tape ( 0.38 lhAq.ft)

80

XPPER LIMIT

w
2

(dBA)

(1000 1AAFEEIIL AITQTIETIILE V010"

70

60

O PANEL NO
: % ﬁj % [0l 70 | .oue

: 77 A
- STRINGERS

> i lof [ o] & lo| ol
I e e P v P P P

Llllrlﬂlllﬂﬂﬂﬂlpﬂﬂﬂl]lllﬂﬂl llll!ﬂll”]ﬂﬂﬂﬂl

50 80 25 200 315 500 B00 1250 )
63 100 160 250 400 630 1000 - unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)

40

)
O
7
»
()

Fig. 37 Interior noise with damping tape treatment (Panel No. 6)



-88—
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100

w
e

(dBA)

90

80

70

60

50

40

Y’PER LIMIT

H]IHI'HIHHHI]lTﬂTHIPIIﬂ” 1]’[]]”]”1]71””11

1

63

315
0

500
400 63

80(.)

1250
00

——baseline s QA= 78 dBA
--— damping tape : DA = 75 dBA

added weight = 0.19 Ibs.
panel area ‘= 0.77 sqft.

panel skin  ( 1.06 thiqft)
damping fope ( 0. 25 |bAqft.)

11209 TRILITIIATEEATIAIIT L0 00.'s

y O PaneL O
L P 7 EA P
k @ ||7o |l6]] 7
E! @ ’ @ /7FM

l /7-smmeas

84
©
)
Z,

0371 73° 718" [ 973° Bd 97371 03° 1407 8%°] 03" | WO

- unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)
Fig. 38 Interior noise with damping tape treatment (Panel 9)



_68-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100

90

80

w
e

(dBA)

70

60

50

40

ﬂllﬂTllHHHIWPWH]HI]HIHH 1]|ﬂl|ﬂll]ﬂﬂllIllll]ll

nN
Ow

1.5 ¢

40

50

63

200
250

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

160

315

500
400 63

800
0

—— baseline : QA = 107 dBA
--— damping tape: DA = 101 dBA

added weight = 7.05 Ibs,
panel area ‘= 29 sqft.

panel skin { 1.15 lhisqft.)
damping tape { 0.38 |bssq.ft.)

1240 (MITNTIIA FURGIIEXITT S 040.'Y.

A ¥ “\\ x\;\ \L\ L W, W ¥

O\ O ON\\}

\;Q S\%Q 7 FRAME
} ' 3

823 Ir Ay,
B
L

ne

NN \\\‘\

°] 737 1973°] 073° d.”’! 3" !lU‘LI!‘ [ 1

1250
1000

- unit under study

Fig. 39 Interior noise with damping tape treatment (Sidewall)



-06-
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 00002 pbar

100

2

(dBA)

90

80

70

60

50

40

- —baseline t OA = 94 dBA
- -~— damping tape ; OA = g2 dBA
— + agdded mass
= added weight =10.25 Ibs.
[ panel area = 4.4 sqft.
— CUPPER LIMIT
= \ panel skin  ( 0.73 lhAqft)
— A domping fope { 0.38 |hAsqft)
— /\\\/ odded mass{ 1.95 |bAqft.)
= /
—_ s o \ | N
: ‘ \-——-
= \
-~ \
- V/
- ¥ y O PaneL NO
— )
= L 4 A
= ; e ||l®e @g/@/?,m
— / - STRINGERS
— /7
- 2 d Z gl o L@
= X/ .
: .5'! I ien Brsjerst) e s 037] o3 QL
il | I D D I T
3,5 © 50 80 200 315 500 80O 1250
40 63 100 160 250 400 630 00 -~ unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

Fig. 40

Interior noise with damping tape and mass treatment (Panel No. 1)



-'[6-
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbor

100
[~ — baseline : OA= 92 dBA
[ -~— damping tape : OA = 81 dBA
— + added mass
90 F— added weight = 6.41 Ibs.
— ponel area = 2.75 sqft.
— CUPPER LIMIT
80 :_\ A panel skin (1.6 IhAsqft)
— - damping fape { 0.38 lh/Asqft.)
den) E added mass( 1.95 IbAsqft)
rof— [t v ;N\ |00 i
=
60 :_. y O PANEL NO
[ A
= T~ A
— & o |Le ||’e ||le]| 7@
= ; - N vt
50 [— . % A - - STRINGERS
— ? 0] /@§ 9 lo e
= | 4
: , 83°| 713" 115" #73° 24.”' 93° 18 23] 9% | 0o
40 | I I O I |
315 00 315 500 B0O 1250 .
25 250 400 630 1000 -~ unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

Fig. 41 Interior noise with damping tape and mass treatment (Panel No. 2)




-26-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 00002 pbar

100 — ——baseline s QA= 95 dBA
— --— damping tape ; DA = 92 dBA
- + added mass
—
90 - added weight = 380 Ibs.
— panel area = 5.13 sqft.
=
t | sk
80 |— panel skin  { 0.75 thAsq.ft.)
— domping tape ( 0.38 lhAsq.ft)
(c?g‘l-\) — added mass({ 0.36 |bAqft.)
—
o~ N LYyt ] bl
=
=
60— ¥ O PaeL o
— H
= "I % o]l |0 70 )] .cue
50 E_ 7% | strewcens
- il o] 1] o lo & /@ /
- A
E 0371 78° 17"l ams” sl 89 {8 83 93" | 0O
a0 i 1 [ T TN I N T T T I T
3.5 * 50 80 125 200 315 500 800 1250 )
25 63 100 160 250 400 630 1000 -~ unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

F1g. 42 Interior noise with damping tape and mass treatment (Panel No. 4)



_86_

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100
- ——baseline t OA = 95 dBA
[ -~—damping tape: DA = 86 dBA
— + added mass
90 = odded weight = 3,16 lbs.
— panel area = 5.13 sqft.
— CUPPER LIMIT
80 :_\ A A panel skin  (0.75 IhAqft.)
— I \\,/ — domping fape (0.38 lbh/sqft)
(dSBP:-\) = / odded mass(1.21 IhAsqft)
70 |— ll ..............................................................
— |
= |
= ,’
60 :_ | y O PareL N0
— H)
- 1% 7
— : 6 |lLe |l’e © 7® prose
50 /. %rsmas
= 4| |® @ 3) le]/] ;d /
= A
: 85°] 75" |71713°] 073" 923°] 03° [e0] 837 3| 0O
40 | | S I I |
35 00 315 500 B0OO 1250 )
250 400 630 1000 - unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)

Fig. 43 Interior noise with damping tape and heavy mass treatment (Panel No. 4)




-V6_
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbor

")
=

(dBA)

100
k —baseline s OA= 106 dBA
-~-- damping tape ; OA = g5 dBA
+ gdded mass

added weight = 1.44 Ibs.

90
panel area = 1 .94 sqft.

UPPER LIMIT ,
80 \ panel skin  ( 0.86 |hAqft.)
damping tape { 0.38 IbAsqft.)
added mass( 0.36 lbsq.ft)

R T s

70

WIIIIIlﬂIlﬂIHTUHHIIIIHHTII l]lllll”ll]ﬂ”““

60 y O PaneL N0
: % \\\‘\Q\z % ||g]| 7@ e
o Ao [d] o [T
I ey Y Y s

3,5 © 50 80 125 200 315 S00 800 1250 ]
25 40 63 100 160 250 400 630 1000 - unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

Fig. 44 Interior noise with damping tape and heavy mass treatment (Panel unit No. 6)

-
e
-—

40




-96-
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 00002 pbar

100
—— baseline : OA = 106 dBA

-—-—damping tape ; DA = 91 dBA
+ added mass

|
W

added weight = 6.36 Ibs.

90
panel area = 1.94 sqft.

panel skin  ( 0.86 IhAsqft.)
damping fope { 0.38 Ibh/Asq.ft.)
aodded mass( 2.9 lhAqft)

\UPPER LIMIT

80

2

(dBA)

reasy TSI 020,

70

60 O PaneL MO
b r
N # v | B2
k o {Ledl’e (e 7@
& 7 ] v tha
50 /7'-5""“95
© |e

— e
©
o)

lllllllIIHIllllllllllﬂlﬂllﬂﬂ1ll lllllllT”IlHTlllﬂ

0371 73°177%°] o7s° d.ﬂ' [} .0'1 837 37} 0o
+ e

L5 50 80 125 200 315 500 800 1250
40 63 100 160 250 400 630 1000 -~ unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

40

)
O

Fig. 45 Interior noise with damping tape and heavy mass treatment (Panel No. 6, Add-on = 3.28 lb/ftz)




-96_

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pubar

100
— —baseline t OA = 94 dBA
~ -~—honeycomb s OA= g5 dBA
— + damping tape
90 - added weight = 3.3 Ibs.
— panel area = 4.4 sqft.
T
— CUPPER LIMIT
60 - \ panel skin  ( 0.73 IhAqft.)
— | honeycomb { 0.37 lbAq.ft.)
SPL — domping tape { 0.38 lb/sqft.)
(dBA) |
— s T AVAVINATAVAVAVAVAVAY 222: 14
70 - V4118188777808 02 818080001800
I
—
60— y O PaneL N
- s
- O 2 Z
— ; 6 ® /® 0] 7® L FRAME
50 — &//? J |t sreeeees
i ! / p / G ) 1@ ®
= g2
— 037 73 |1ma-| e7s- bt e1s-| 03" Jeo] o3 03| 0o .
-
q0 C1 L1 4 1 1 1
315 00 315 500 800 1250 ]
250 400 630 1000 -~ unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

Fig. 46 Interior noise with honeycomb-damping tape treatment (Panel No. 1)

"’



—[6-
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100

)
2

(dBA)

90

80

70

60

50

40

\UPPER LIMIT

IHlmllllllll]llllpll”ll ]l”lﬂllll}ﬂlllll”

RRRRRRAR

L

0 315
50

50
400

0
630

800

——baseline :t QA = 92 dBA
~=—honeycomb : OA= 72 dBA
+ damping tope

added weight = 2.06 Ibs.
panel area "= 2.75 sqft.

panel skin (1.6 |lhAsqft)
honeycomb ({ 0.37 IhAsq.ft.)
domping tope ( 0.38 lbh/sq.ft.)

AL YaA e
IR

y O PaneL N0

/(D E /© LrFRAME

- STRINGERS

D)

$3° I ey

o lo| [o

— s
©

8571 73°17173°] 973 Dd 023°] 98 lo'l 837 93" | 00"
T

1250
1000

- unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)
Fig. 47 Interior noise with honeycomb-damping tape treatment (Panel No. 2)




-86—
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 00002 pbar

100

[~ \ ~—— baseline : OA = 102 dBA
E‘ -=—honeycomb : OA s 94 dBA
- + damping tope

90 —_ added weight = 2.58 |bs.
- panel area "= 3.44 sqft.
— CUPPER LIMI

80 :_\ panel skin (0.89 Ibsqft)
— honeycomb ( 0.37 lhAsqft.)

SPL — domping tope ( 0.38 |hAsq.ft.)
(dBA) |- "

— \ £ AMTAVAVRATAV,VAVAVAYA g

70 p— A \ \ \IIIIILEIIIIL 1B R 0T IRTII Y
—
— UV v \
[ ’ \ -
- / v . r
L~ / \
— Y]

60— y O PaneL O
— W
— 5
. \

50 \\ \\ - STRAGERS
= 4] lo} | & \ o Iol |
= N
— | N\'N .
e Lu;u' 7| ers” rgi_.p; u'lgcr u'! 3 | wo

40 {1 | IS IO (NS T AN T N O N A A N |

35 50 B8O 125 200 315 500 B00 1250 ]
25 40 63 100 60 250 400 630 1000 - unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)
Fig. 48 Interior noise with honeycomb-damping tape treatment (Panel No. 3)



-66_
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbor

100
— —— baseline t A= 95 dBA
—~ =~—honeycomb 1 OA= gg dBA
— + damping tape
90 E__ added weight = 3.85 Ibs.
[~ panel area °= 5,13 sqft.
—
— TUPPER LIMIT
50 :_\ A \\ panel skin  ( 0.75 thAqft.)
— X honeycomb ( 0.37 lh/sq.ft.)
SPL — damping tape { 0.38 thAsqft.)
(dBA) -~ \
— o YAV AVA ATAVAYAVaVAVAN LS4 1
70 |— \ W R N RN T
— \
- \
- \
— \
60 — \V/\\" - Y O PaneL 0
]
= ; A A Z
= die |lelle E 7® e
50 E. //é - STRINGERS
- 31 1ol 1 d] o e % }d%
= Z
: as’ 115" 173" | ems” Qi.ﬂ' L1x8(] 89°] 03" ) wo
qo CL_L 1 1t 1 1 1 1
3,5 ° 50 80 (25 00 315 500 800 1250
25 40 63 100 (60 50 400 630 1000 - unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

F1g. 49 Interior noise with honeycomb-damping tape treatment (Panel No. 4)



100

80

2

(dBA)

70

-001-

60

50

\UPPER LIMIT

HIHIIllllITT1IIIIHIHHIIIIHHH qlllll”ﬂT””Ti”

40

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

X
U

1250
00

—— baseline 1t OA = 106 dBA
—~—honeycomb : OA = 92 dBA
+ damping tope
added weight = 1.46 |bs,
panel area = 1.94 sqft.

panel skin { 0.86 lhAq.ft)
honeycomb ( 0.37 lhAq.ft.)
damping tope ( 0.38 lh/qft.)

WAIIITIIIIIIPL. DI AI 80807070004

Y O PareL MO

5 % | E 7® ) -

4] (o] | @ ﬁ) &) gy-smns
09" 73 Jarsc] o7 823°] 99 lso] 837 o8 | wo *

- unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

Interior noise with honeycomb-damping tape treatment (Pane. No. 6)



-101-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100
—— baseline t OA = 85 dBA

~=—honeycomb 1 OA= 75 dBA
+ daomping tape

added weight = 0.57 lbs.
. pane! orea ‘= 1.1 sqft.

YPER LIMIT

panel skin  ( 0.6 (hAqft)
honeycomb ( 0.37 lhAqft.)
damping tope ( 0.15 (h/Aqft.)

80

%)
&

(dBA)

2222 AV IAVAVA ATAVAYAYAVAVAN /2 1
SLIIIIIITIIIIE DRI ERITTFER 4

70

]mmrn]rrmmlprmn I]IIIIHWI]TIIHIIII

60 Y O PaneL vO
1
1% | 1|7 ‘@ 7® pj -
50 ’ / l- STRINGERS
= i3 o] | | o ®
= L .
: 851 715" 113 ] 873" &__l_?_!' [ 1 ur! 8%3°] 93"} 0o

I OO N T T |

. 200 315 500 800 1250 .
5 40 63 100 160 250 400 630 1000 ~ unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)

Fi1g. 51 Interior noise with honeycomb-damping tape treatment (Panel No. 10)

q0 C 4 1 1

e
o
o
o
o
(=}
r
o



-201-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100

80

2

(dBA)

70

60

50

ll”llIIHIlllll]lTlllUlllPIIllll 1IIIIIIIHTPHWHWJIH

qo L L/4 ¢ & b 0 4 1 ) 1111

315 © 50 80 125 200 315
25 40 63 100 160 250

500 1250
400 63 000

~—— baseline :t OA = 197 dBA
~-—honeycomb 1 OA= 96 dBA
+ damping tape

added weight =
ponel area ‘=

14 |bs«
29 sqft.

panel skin ( 1.15 |hgqft)
honeycomb ( 0.37 |hAq.ft.)
damping tope ( 0.38 1hAqft.)

ALY
\UIIIIIIIIIINI. FINI001ITT00G4

7
)

- unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

Fig. 52 Interior noise with honeycomb-damping tape treatment (Sidewall)



-£01-
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbor

100

- —— baseline : OA = 102 dBA
- -—=honeycomb : OA= 78 dBA
E + damping tape

Y= added weight = 5.68 Ibs,
— panel area ‘= 3.44 sqft.
— CUPPER UIMIT

60 :_\ A panel skin  ( o.g9 lh/Asqft.)
- honeycomb (1.4 IlhAsqtt.)

SPL — /I\ damping tape ( 0.25 Ih/sq.fL.)
(dBA) = [\

- /A e AV ALY VAVAYA i

70 [~ / \ W
— A / \
- / \ \ g
e \ / \ //

60— II \ A\ y O PaneL o
- / b / pale
= \ 5 ORI IOM | CRIDIBLC FRave
= i 7T

so - .
— il ® @ 4%@! ®
= Z :
E 8371 715" [173°] 978° 34 9N’ ] 83" 16 3] 9%° ) 0O

a0 1 [ N DN Y IO O I T

315 50 125 200 315 500 BOO0 1250 .

25 40 63 100 160 250 400 630 1000 -~ unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

Fig. 53 Interior noise levels with heavy honeycomb-damping tape treatment (Panel No. 3)



-01-

50
— NOISE

40 |—
E acoustic blankets
E —~ — — — semi-rigid materials

30T ) = 15 b/
-
— My = 0.01 1b/ft?

ATL — d, = d, = 0.073 ft
(d8) 20 |—

—
— SIDEWALL SECTION

10—
—
- Fig. 54 Additional transmission losses
-
— for acoustic blankets and semi-rigid

0 E_ materials (ug = 0.01 1b/ft?)

—
[

JUET, 3 S N I TN Y T Y T N OO I N O IO I

31.5 50 80 125 200 315 500 800 1250
25 40 63 00 160 250 400 630 1000

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)



ATL
(d8)

-G01-

50 —
40 |—
— acoustic blankets
E - — = — -~ semi-rigid materials
— /
30 g = 1.15 1b/ft? /
— /
—  uy = 0.01 1b/ft? /
— //
—~ d, =d, = 0.073 ft
20 EE}‘ 2 4
=
=
10—
—
=
)
=~
=
Yy el I I T T O I N DR O T

3L5 © 50 80 125 200 315 500 800 12
25 40 63 I00 160 250 400 630 01000 >0

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)

SIDEWALL SECTION

Fig. 55 Additional transmission losses

for acoustic blankets and semi-rigid

materials g = 0.358 1b/ft2 )



=901~

ATL
(d8)

50
—
-
40 — /]
-
——————— acoustic blankets
[
- - - - semi-rigid materials
— = 2
30: uy = 1.15 1b/ft
E ug = 0.01 1b/ft?
E d2 = d4 = 0.073 ft
20 I—
-
E SIDEWALL SECTION
1o f—
- Fig. 56 Additional transmission losses
E for acoustic blankets and semi-rigid
o materials  ( ug = 1.0 1b/ft? )
-
-to 1 | N T I N Y T Y|
3L5 © 50 80 125 200 315 500 800 |
25 40 63 100 160 250 400 630 oIOOO250

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES |N Hz {cps)



-/01-

50 - //
40 |—
— acoustic blankets
[~ — — = — semi-rigid materials
0T = 1.15 /2
— g = 0.358 1b/ft?
—
ATL - d, = d, = 0.073 ft
(dB) 20 [—
-
=
10—
—
of—
-
-10 | I I I T |
LS 50 00 315 500 6800 1250
25 40 250 400 630 1000

SIDEWALL SECTION

Fig. 57 Additional transmission losses ,
for acoustic blankets and semi-rigid

materials ( uy = 1.0 1b/ft? )

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)



50 —
- /
= /
40 E— /
— acoustic blankets /
[~ ~ — ~ T semi-rigid materials //
3 /
= 2
30 = uy = 1.15 1b/ft /
—
— uy = 0.01 Tb/ft? /
oy ) /
ATL — ug = 0.358 1b/ft /
(dB) 20 [—
I gumed
c'oa E SIDEWALL SECTION
-
10—
— Fig. 58 Additional transmission losses
E for acoustic blankets and semi-rigid
ol materials ( d, = d4 = 0.167 ft )
-
ST+ Y s I U N NN T TN T O N N B O I O
3.5 50 80 125 200 315 500 8 |
25 40 63 100 160 250 400 630 0?000250

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)



~601-

ATL
(dB)

50

40 [— wg = 0.001 1b/ft?
- - — — g = 0.358 1b/ft’
= e e e .- yg = 1.000 Tb/ft?
30 — .
- - 2 o
= 1.15 1b/ft - p
— - 2 3 /
= uy = 0.001 1b/ft K Y
— 4, =4d, = 0.073 f .- /
20 £ %74 73 ft . ),
-
10—
-
~
of—
-
E S
— . N /
ol L b 1o v M N ) oy )y
3.5 50 80 125 200 315 50 8
25 40 63 100 160 250 400 o630 0?006250

SIDEWALL SECTION

Fig. 59 Additional transmission losses
for different trim panel surface

densities

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)



=011~

ATL
(dB)

50

40 — uy = 0.1 1b/ft?
—~ -~ - =~ u3=05 1b/ft?
: ® o o o o u3 = 1.0 ]b/ftz
= /
=y = 1.15 1b/ft’ .

30 = /
—  ug = 0.01 1b/ft? .
— 4, =d, = 0.073 ft / /,
E 2~ Y 7" /

20 =
—
=
[~

1y==
- Fig. 60
~

0f—

-
[~

ST+ sl N AR T O DU NN B AL / O T N I B

31.5 50 80 125 200 315 500 800 1250
25 40 63 100 160 250 400 630 1000

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)

SIDEWALL SECTION

Additional transmission losses
for add-on treatment

( My = 1.15, ug = 0.01 )



-111-

50

40 dy = d, = 0073 ft s
= d. = >
- — = —dy=d, = 0.125 ft 5
« 8 o 0 od2 = d4 = 0.167 ft :' /
S
30 uy = 1.15 1b/ft? S/
;o
My = 0.01 1b/ft? /
ATL ug = 0.358 1b/ft? /
(dB) 20 ]

10

ﬂTlHlPlﬂllﬂTlHlHlﬂll]IllllﬂTlﬂlﬂIllIFH”TIH

o v EaN oy

315 50 80 125 200 315 500 8
25 40 63 100 160 250 400 630 0?006250

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

SIDEWALL SECTION

Fig. 61 - Additional transmission losses

for different distances between the '

elastic panel and the trim panel



A

ATL
(dB)

50
[ d, =d, = 0.073 ft
— 2 Y%
40— _ _ _ _d,=0.02 ft, d, = 0.11 ft
= e o oo sudy =011 ft, dy = 0.036 Ft |
= up = 115 1b/fE?
30 —— K
- 2
= Mg = 0.1 Tb/ft
— g = 0.358 1b/ft?
20 =
-
-
-
-
of—
-10 1 L 11
253!.5 00 315 500 800 1250
250 400 630 1000

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)

SIDEWALL SECTION

Fig. 62 Additional transmission losses

for a light septum and different
distances between the elastic panel

and the septum



-€11-

ATL
(dB)

50

= /
=
a0 dp = d
= - - -=-0F
: s & o o 8 2 =
30 — Wy = 1.15 1b/ft?
= g = 1.00 1b/ft?
-
~ Mg = 0.358 1b/ft?
20 =
-
-
10 —
of—
=
31.5 50 200 315 500 800
25 40 63 250 400 630 1000

1250

SIDEWALL SECTION

Fig. 63 Additional transmission losses
for different distances between the

elastic panel and the septum

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)



-pit-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100 —

— ~——baseline t A= 80 dBA

90 |—
= added weight = 0 |bs.
- panel area ‘= 2.45sqft.
— CUPPER LIMIT

-\

SPL E y O PangL N0
(dBA) — . >z

— W e % I-@: 7@

70 E— i ;,/,/j, /7FM
: I /7-57“'5(”
— b 0] 6 ) 10 ®

60 [— x
: 831 137 {7178 .ﬂ"L 9"} 9% 1o 237 o8
E -~ unit under study

50 |—
—
e
=

ol b v b v v v s

LS © 50 80 125 200 315 500 800 1250
25 40 63 100 160 250 400 630 1000

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)

Fig. 64 Interior noise transmitted by a window (Panel No. 5)



-S11-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100

~ —— baseline t OA = 74 dBA

90 |
= added weight = 0 ips,
[ panel area ‘= 2.45 gqft.
~ CUPPER LIMIT

80 ;—\

SPL E y O PaneL N

- H1]|% :

70 E- e e e /@/,M
- . ps
— ' | sTemetes
E # ® G o e |

60— x
— 837 73" {173~ o7s° g{_ns- 03" Jeof 03] 03] wo°
— - unit under study

50 |—
—
—

qo L L1 [ I I TR O T Y W Y Y O |

315 © 50 80 125 200 315 500 800 1250
25 40 63 100 160 250 400 630 1000

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)

Fig. 65 Interior noise transmitted by a window (Panel No. 7)



=911~

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100
- ——baseline : OA= g5 dBA
— --—damping tape: DA = 80 dBA
-
90 E_ added weight = 1.0 Ibs,
- panel area "= 3 ¢ sqft.
— CUPPER LIMIT
-
wE N —
- damping fape
— 27277722277
(Egk) — é/ %/ ( 0.3 Ibssqfy)
ro - % /// -
= 2777
=
60 ;_" y O PaNEL NO.
= ) V. av.a
= N 74 A L~
S {118 |2 |08, e
50 - /7—.—smmms
— 2 0] @ 8) ® o
E B 83°] 78° 1773°] 973" plﬂ' $5° [e0] 83°] 93| wo* )
q0 1 [ I Y I
LT 200 5 500 800 1250
25 40 63 100 160 .'2503| 400 630 O|ooo - unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)

Fig. 66 Interior noise transmitted by a window (Panel No. 8)



-[11-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 00002 pbar

100
——baselinet OA= 94 dBA

-~-—optimized s QA= 81 dBA

added weight = 4.5 Ibs.
panel area ‘= 4.4 sqft.
panel skin  ( 0.73 1bhAqft.)
honeycomb ( 0,37 thAqft)
domping tape ( 0.38 bAsqft)

80

\UPPER LIMIT

i VAVAVAVAVAVAVAY, 5|

Y222 I R LLL L] -

S
. . M
e -
hd L I

\\:trlm ponel ( 0-05 lhAqft.)
septum ( 0.01 thaqft)

SPL
(dBA)

giringer

70

IIIIll“lqlﬂlﬂlﬂllflllll 1]”]”””Pmrﬂl

A
60 ’l \\\ y acoustic blonkets (0 08 lhAqft.)
| \ W
| N 2 Z
" % : 6 |[o |7 |-®- u ¢ rame
50 | . / V. 1A 1 smncens
- 2 Zé? gl o lo] |e
= AN _
: 83°] 73° [7173°] e73" ?31}_!9' 29" 1& 28] e3%° EEJ
a0 C1L_1 N TR Y N Y N N AN M D O |

(7

15 S50 80 125 200 315 500 800 1250
25 40 63 100 160 250 400 630 1000 - unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)
Fig. 67 Optimized interior noise (Panel No. 1)



-811-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100
—— baseline s OA= g dBA

~~-—optimized 1t QA= 72 dBA

added weight = 2,43 Ibs.
panel area "= 2.75 sqft.
panel skin (1.6 IhAqft.)
honeycomb ( 0.37 thAq.ft)
damping tope ( 0.25 1hsqft.)

90

\UPPER LIMIT A

-
~
~_
-
=
™
e
-
80 —
mE “’avmm
(dBA) — 7///11///;. rizzirese R I tringer
ro -
— A :
- \ trim panel (0 05 IhAsqtt)
- /’ \ \\_ ,epm.,‘:a (0.01 Ihaqft)
— \ acoustic blonkets ( 0-08 hAq.ft.)
60 . / \ Y
- / \ .
= - ! % Z4 y
= -~ ; o|le e |@ 7® e
- 7
50 — // / P e ki
— 4] |o /@/ o o |e®
= Z7%
: 83’23 113"l o7y 223°] 9% |s 9] 8y !)_O'_J i
40 o IR IR
LS 00 315 500 800 1250 )
25 250 400 630 1000 - unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)
Fig. 68 Optimized interior noise (Panel No. 2)



=611~

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbaor

100
—— baseline s OA = 102 dBA
- --—optimized :t QA= 77 dBA
90 - added weight = 6.75 bs,
[~ panel area ‘= 3.44 sqft,
= panel skin  ( 0.89 thAqft)
— CUPPER LIM|T honeycomb ( 1.4 IbAqft.)
80 :_\ A damping tope { 0.25 th/sq.ft.)
s | ?““‘?Ziﬂmuvg;
(dBA) — IA\ A 7””1/0. 2777771721717 BN stringer

70 |— / \\ / \
= / \// \\ \\_—tnm panel (0 .05 lhAqft)
— Y \ septum (0.01 lhsqft)

Y = / \ y acoustic blankets ( 0. 08 IbAsqft.)
= A // \ .
= Il v \\ } % | o]l || 7o M rane
— / ’

50 — / . / // /7-smmens
= / S {] lo] | e %% o [o
=/ A L :
P 23| 18" 13"l a7 Bz‘ir_!?_‘.l' 93° OQJ 837 %' | o

40 1 1 N T Y T I TN TR O O I T

35 ° 50 80 125 200 315 500 800 1250 )
40 63 100 60 250 400 630 1000 - unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)
Fig. 69 Optimized interior noise (Panel No.

3)



-021-
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100
— ~——baseline :t QA= 95 dBA
— ~--—optimized s QA s g dBA
90 F- added weight = 8.73 Ibs.
[ panel area ‘= 5.13 sqft.
= panel skin ( 0.75 thAqft.)
E UPPER LIMIT honeycomb ({ 0.37 thAsq.ft)
80 :.\ A domping tope { 0.38 th/sqft.)
— \___ T Y e w oo |
SPL — gt VAVAVAVAVAVAVAY, S
( d BA) : 7////1///). P2LLLLLLLLLL LD .-"' s‘rime"
= Y
70 — -'zJ
= \-mm nel (07 Ihsqft.)
- 0.08 lhA; £1.
sof- y acoustic blunketsb (m‘m qft)
- &)
- : p y
~ ; 6 ® /® _(2 70 /?,M
50 ~ \ 7/ STRNGERS
— 2 ® G ® @/ O
= \ Y
— \ / —_
b \ 83|75 113  eme” nsi_g_y 09" Jeo] 03] ey !_Q_G'J
qo L1 ) NN O N TR N I Y Y )
35 * 50 80 125 200 315 S00 B0O 1250 )
25 40 63 100 160 250 400 630 1000 ~ unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)

Fig. 70 Optimized interior noise (Panel No. 4)



-121-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100 —
- A — baseline 1t OA = 106 dBA
- -~-—optimized s QA= 78 dBA
-
90 — odded weight =3.91 Ibs.
E panel area ‘=194 sqft.
— panel skin  ( 0.86 IhAqQft.)
— SUPPER LIMIT honeycomb ( 0.37 lhAq.ft.)
80 L\ domping fape ( 0.38 (h/qft.)
spL | ""Wiiﬂm’f
(dBA) — 7//”1//). 1717721777277/ A stringer
70 — ,J
- \-tnm panel ( 1.0 |bhAqft)
= Mm o
— 0.03 13
60 y acoustic blanketsb 0,03 “Ib/sqft)
— 5 ~ ’[[///
= {111 |77 I(SI 70 | inme
= B o B !
50 [— . J /7-smmens
E b 0] @ ) |© ®
E \\ 83°1 715° ]773°] o7%° aMc] 93 le 83°] 9% 4!22'_4 i
40 C L1 I |
315 * 50 00 315 00 BOO 1250
25 40 100 160 250 400 630 1000 —~ unit under study
ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)
Fig. 71 Optimized interior noise (Panel No. 6)



-gel-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbor

100
~——baseline s OA= 78 dBA

--—optimized st QA= 69 dBA

added weight =0.42 |bs,
panel area ‘=0.77 sqft.

panel skin  ( 1.06 IbhAqft)

90

80 domping tope { 0.25 lh/sq.ft)

Y’PER LIMIT

)
°

(dBA)

70

.
. . . o .~
. . . . . ..
. ‘.‘-. . « Tt
LR, VI
v
5t Y ee v e MU
. - .
LR he -« [} d .
RN Lem % e et &"*
s/ 00 b ' k3 "

\ ( 0.1 IhAqfr)
\\:-:g'u,,':" " {0.01 Ibsqft)

lll“lllllllllllllllﬂﬂlrﬂpllll” r,ﬂlllllll}llllllllf

i s { 0.08 lbAqft.
60 y acoustic blonketsb 0-08 10/59 )
1
411176 | 1% L@ A
K / 7T
50 I /7—5 "
8 ® @ Q o ®
/_ L]
// 83571 73°17173°} 78" LIJL.”‘ [ 308 {] 83°] %" %
qo L 1 1 | B TN T T T T T O I |
3L5 * 50 80 125 200 315 S00 800 1250 .
S 40 63 100 160 250 400 630 1000 -~ unit under study

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz (cps)
Fig. 72 Optimized interior noise (Panel No. 9)



-gel-

ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100

90

80

)
2

(dBA)

70

60

50

YPER LIMIT

A

Ilmﬂlﬂlﬂllll,ﬂrﬂﬂ]llllﬂﬂl lllllﬂlllllllllﬂl

40

1
\
\
\
\
|
\
\
\
\
\

~
~
\\
I | I - .|
315 50 80 125 200 315 500 800 1250
2 40 6 I00 60 250 400 630 1000

added weight =
panel area

——— baseline : QA =
--— optimized 1 QA =

iZ VAVAVAVAVAVAVAY, 23|

PPPPIIIIIR VNI PIIIIIP///, P
. .

86 dBA
73 dBA

1.14 Ibs«
‘s 1.1 sqft.
panel skin ( 0.6 [hAqft.)
honeycomb ( 0.37 |hAq.f1.)
damping tope ( 0,15 {bAqft.)

r
.

stringer

Lt el (0-3 Ih/Asqft.)
\\:,;;,Tu,ﬁa " o Ihsqft)

acoustic blankets ( 0 08 Ib/sq.f1.)

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {(cps)
Fig. 73 Optimized interior noise (Panel No. 10)

L
Ly / /
; el|le @ ®l| 7@ e
. /7—snmcms
Al ol 1 91 ¢ % ®
%
03:} 73" [173°] e73° ﬁbn‘ o3 oo} as] 03| 0o )
- unit under study



-pel-
ONE-THIRD OCTAVE BAND SOUND PRESSURE LEVEL IN dBA re 0.0002 pbar

100

80

(dBA)

—— baseline : OA =107 dBA
~-—optimized st OA= g3 dBA

added weight = 30 Ibs.
panel area

‘= 29 sqft.
panel skin® (1,15 |haqfs.)

honeycomb™ { 0.56 {hAqft)
domping tope®( 0.38 th/sqfr.)

P T 2 e

VAVAVA\'AVAVAVA'

7///}/]]///) R -

»

stringer

70

\W f"(03 IhAqft.)
\\:,,;;:,'L,:" 1001 Ibagtt)

acoustic blankets ( 0-08 lbAsqft.)

w
r
RN LR LR R L RN RN R AT LR R LR LR ARRL

60 y
k v Y aren T ’F > > y
T4t F o 12 1Mell 267,
h '} @ 71,© ;@ %/ ///©/ 7Fm
S 1 | stRncERS
50 5 kb j L — A
1ol 1915 A4l fef
4 - ‘ .
- 1 V4V //
. i C4 ’/’/Ll /ﬂ g4 x
83°] 73" 177371 #7%° lﬁi'n 3 |e ls 93° ] 0O
40 SN N N N DO O OO TR AN T
3L5 © 50 80 125 200 315 500 800 1250
23 40 63 100 160 250 400 630 1000 ~ unit under study
¥* average values

ONE-THIRD OCTAVE BAND CENTER FREQUENCIES IN Hz {cps)

Fig. 74 Optimized interior noise (Sidewall)



-G21-

110 ~

SPL
dBA
L (Baseline)
® (Honeycomb)
100 §—
(Damping Tape)
(Honeycomb-Damping Tape)
90 |~ @ (Damping Tape-Mass)
= (Optimized)
W, =32 1bs (one sidewall)
80 { [ L 1 L } wt/w
1 1.5 2 2.5 u

Fig. 75

Interior sound pressure levels vs the ratio of treated/untreated weight



-921-

Total surface density (skin + treatment)
— — — Surface density of add-on treatment

625 70" 55" 49" 76" 48"

(O PANEL NO.

71“ 5 3“

"
s

625

-
-

26 4

e - aor o o = -

r
:
)
!
|
t
)
|

l >

3.0
Surface 0
dens1t¥
(1b/ft?)

1.0

9 5ll 6 oll

85" 75"]773' 975" [5.25f 9 25"
1
\ ‘

1

1

Fig. 76 Distribution of surface density

X >
1.0 2.0 3.0
Surface
density
(1b/ft?)
e



=Le1-

REAR BULKHEAD

O NS I R AN

\\\\\\

<
L4
4
o
»
»
.

FRONT
BULKHEA
=} =" ji S8 pm=—=
INTERIOR TREATMENT- AEROCOMMANDER
Y-370 Y-370 Honeycomb (0.37 1b/ft?) Honeycomb (1.4 1b/ft?) Honeycomb (0.37 1b/ft?)
TNB-101-1/3 1"AA Y-370 Y-370 Y-37n
(0.58 1b/ft?) 1"AA Soundfcil 1"AA Soundfail
Light trim 1"AA 1"AA 1"AA
(0.5 1b/Ft2) 1"AA Light trim 1"AA
TNB-101-1/3 (1.95 1b/ft?) TNB-101-1
(1.3 1b/ft?)

(2.1 1b/ft2)

Fig. 77 The final configuration of add-on treatment for the AeroCommander aircraft



APPENDIX A

Elements of Transfer Matrices

The field and point matrices for the elastic stiffened panel from Ref.

16 are as follows:

(1) Point transfer matrix [G] is given for the stiffener shown in Fig.

16 by
1 0 0 0]
0 1 0 O
e1= , (A-1)
d ¢ 1 @0
-« -d 0 o0
b
"= ECys (T ) + 6 C("”) - pglu? (A-2a)
4 2
d = ESInESZ( ) - pSACyw (A-2b)
E I ( ) - pSAw2 (A-2¢)

where ES,GS and pg are the modulus of elasticity, shear modulus, and mass

density of the stringer, respectively. The warping constant with respect

to the shear center Cws is given by

2 -
Cus =C *5 Ig (A-3)

where C = St. Venant's constant of uniform torsion about the centroid, s,

is the perpendicular distance between the panel and an axis parallel to the

n centroidal axis of the stiffener and passing through the shear center, IE
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is the centroidal moment of inertia of the stiffener about the £ centroidal

axis of the stiffener and normal to the panel. The transformed inertia term

IS is given by

I, = I+ AL + (g, = 5,)°] (A-4)

where Ic is the polar moment of inertia of the stiffener about the centroid,

A is the area of the stiffener, ¢, is the perpendicular distance between the

Y
shear center and £ centroidal axis and <, is the perpendicular distance be-
tween the shear center and n centroidal axis of the stiffener. InE is the

product of inertia of the stiffener.

(2) Field matrix [F] = [B]CRI[BI"Y) where

1 0 0 0
0 . 1 0 0
B] = -
(8] . (A-5)
-D(l—_— v 0 D 0
X
0 D(2-v) (Amy
o =D(2-v (E— 0 D
1 0 0 07
0 1 0 0
(st = , (A-6)
(Eﬂa v 0 1/0 0
X
nw 2
0 (2-v) (7% 0 1/D
X

where D and v are the bending stiffness and Poisson's ratio for the panel,
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respectively.

where

o Sa C2 53
5 G S
R]
" ¢, S S S,
S G S, G
o _

= - 2
C_, (coshclyj COSczyj)/S

= (g2 2 2
C0 (czcosholyj + GICOSczyj)/S

(]
I

= (g2 2 2
0 (olcoshalyj + azc0502yj)/s

(]
n
n"

c%o%(coshclyj - COSGzyj)/SZ

3 = {(llol)sinhclyj - (llcz)sinczyj}/s2
S = (clsinholyj + azsinczyj)/s2

S1 = olcz(ozsinholyj + ozsinczyj)/s2

= (g3si - g3si 2
1 (0151"h°1yj czs1ne2yj)/s

wn
1

3 = c%o%(olsinhclyj + czsinozyj)/s2

2:-_- 2+ 2
S 0'1 0'2
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(A-8)

(A-9)



n

{/pphp70 + (n'rr/Lx)z}

{v'pphp/D - (mr/Lx)z}
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APPENDIX B
List of Symbols

stringer cross-sectional area

cabin dimension

distances from x and y axes, respectively, to panel location

cabin dimension

propagation constants in porous materials 2 and 4, respec-

tively, b = a + iB

Saint-Venant constant of uniform torsion

warping constant of stringer cross-section

C, * Icsg

distances defined in Fig. 16

speed of sound

speed of sound in regions 1, ..., 6, respectively
elastic panel stiffness )

stiffness of honeycomb panel

bending rigidities of skin-stringer panels

cabin dimension

distance between elastic panel and septum barrier
distance between septum barrier and trim panel
elastic modulus of the panel

elastic modulus of the stringer

elastic moduli of the facings of the honeycomb panel
field transfer matrix

point transfer matrix

shear modulus of the stringer

cross-rigidity of skin-stringer panel
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fp=n

1,3,k 2,m,n,r,s

K2 ,K4
Lijmn

Lx’Ly

frequency response function of the panel
thickness of honeycomb core

elastic panel thickness

polar moment of inertia about stringer centroid

stringer cross-section polar moments of inertia and product
of inertia, respectively, about the £ and n axes

transformed polar moment of inertia about point of attachment
/-1

indices

compressibility ratios in regions 2 and 4, respectively
acoustic-structural modal coupling terms

Tongitudinal and transverse dimensions of a panel, respectively
generalized mass

bending moment amplitude

panel mass per unit area

noise reduction

generalized random forces

acoustic pressure

reference acoustic pressure

Fourier transform of acoustic pressure

Fourier transform of input random pressure

shear amplitude of panel motions

generalized coordinates of the panel

resistance of acoustic material

flow resistivity of the porous material

surface of a flexible wall

spectral density of input noise for the i-th panel

-133-



= cross-spectral densities of generalized random forces

mnrs

Sp = spectral density of acoustic pressure

Sw = deflection response spectral density of the panel

st = cross-spectral density of pressure

SS = spectral density of external pressure

Si = spectral density of sound pressure transmitted by the i-th

P panel

SPL = sound pressure levels

SPLT = total sound pressure levels transmitted by all panels

s, = distance defined in Fig. 16

[T] = transfer matrix

t = time

tij = elements of transfer matrix

t&,tz = thicknesses of honeycomb panel facings

v = volume of airplane cabin

Vx,Vy = gqnvec?ion velocities of prope1]er noise corregponding to
irection along propeller rotation and perpendicular to it,
respectively

{wn} = state vector

W = panel deflection

W = Fourier transform of panel deflection

X(w) = reactance of porous material

Xij = acoustic Tongitudinal-transverse modes

X,¥ 52 = spatial coordinates

X = spatial separation along the x axis, x = X; = X

Ymn = structural modes

Y2,Y4 = porosity for porous materials in regions 2 and 4, respectively

yq = Tocal coordinate
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UI’U3 9115

spatial separation along the y axis, y = ¥y - ¥,
impedance

acoustic impedance

impedance of untreated panel

impedance of porous acoustic blankets in regions 2 and 4,
respectively

septum impedances

termination impedance

real parts of propagation constants b2 and b4, respectively
acoustic damping coefficient

imaginary parts of propagation constants b2 and b4, respectively
frequency bandwidth

additional noise transmission losses

deflection amplitude

structural damping coefficient

structural m6d31 damping coefficients

slope amplitude of panel motions

incidence angles for different media

loss factor of the sidewall

surface densities of elastic panel, septum barrier, and
trim panel, respectively

Poisson's ratio

acoustic damping coefficient

acoustic modal damping coefficients

air density

air densities for regions 1, ...., 6, respectively

material density of the panel
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ij

mn

[}

"

material density of the stringer

transmission coefficient of add-on sidewall treatment
asimuthal angle

angular frequency

acoustic modal frequencies

structural modal frequencies
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