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SUMMARY

In this report, the work carried out to investigate the noise
reduction characteristics of general aviation type flat and curved,
stiffened panels at the University of Kansas Flight Research Laboratory
noise research facility are presented. The effects of depressurization,
damping material, and noise source are described.

The experimental study was carried out on 20 x 20 inch panels
in a frequency range of interest from 20 Hz to 5000 Hz. The noise
sources used were a swept ~ine wave generator and a random noise
generator.

The results indicate that under the conditions tested, the
effect of noise source was negligible. Increasing the pressure
differential across the panel gives better noise reduvction below
the fundamental resonance frequency due to an increase in stiffness.
The largest increase occurs in the first 1 psi pressure differential.
The curved, stiffened panel cahibited similar behavior, but with a
lower increase of low frequency noise reduction. Depressurization
on curved, stiffened panels results in a decrease of the noise
reduction at higher frequencies, confirming theoretical work done
by Koval. The effect of damping tapes on the overail noise reduction
values of the test specimens was small away from the resonance
frequency. In the mass-law region a slight and proportional improve-
ment in noise reduction is obs2rved by the addition of damping
material. Adding sound absorbtion material to a panel with damping

material increases beneficially noisu¢ reduction at high frequencies.
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CHAPTER 1

- INTRODUCTION

This report is a continuation of the documentation of the research
accomplished under the continuing NASA cooperative agreement NCCI-6.

The progress of the research accomplished during the period February 1,
1981, through April 30, 1981, of the previous project year (May 1, 1980,
through April 30, 198l1) was included in the previous report, KU-FRL-417-
16 (Reference 1).

The present report covers the period from May 1, 1981, through
September 31, 1981, of the current project year (May 1, 1981, through
April 30, 1982). During this periodlin time, all of the tests con-
cerning the flat and curved panels were completed. Both panels were
provided by the Gates Learjet Corporation. These tests were performed
in the Flight Research Laboratory of the University of Kansas (KU-FRL)
in Raymond Nichols Hall on the west campus of the University of Kansas.

The KU-FRL acoustic test facility consists of three main sub-
systems. These tht.,ee can be generally divided into the testing
apparatus (Beranek tube), the signal generation and analyzer equipment,
and the depressurization system. Fizure l.1 shows the entire integrated
test set-up. The test set-up is the most current syscem that has been
used at the KU~FRL acoustic test facility. To better understand the
test set-up, the subsystems have been more fully illustrated in
Figures 1.2 through 1.5. Figures 1.2 and 1.3 illustrate the differences
in the test apparatus for the flat and curved, stiffened panels.

The data acquisition system and noise generation units are illustrated
in Figure 1.4, Finally, the diagram of the depressurization subsystem

is presented in Figure 1l.5.



¥3qu007Y
2avi

3A140 2514

¥31NdW0) 31ddV

WAZA'TVRV
AN1L-TVaE

VOLINOW
AL

r-- - a

WAT4AITdNV

wazi1inha

MOIVI11030
ddamns

YOLVAANAD
FSION WOANVY

4311014

dind
aonvo
AANSSIAd

®

2

(=]

AN

e ——

[ sioxesdspno| 03

y/774

Taa-nx oF dn-19§ 3seL °1 @anByg

(@)




(aued 3874 Y3ITA 8qny Raueiag Z°[ andri

aqny coquauooa<\\\\

V-V NO1LJ3dS

L3ir1e1d 103 pajrrjuwo L1laed agqey
. N

Lz -3

4

sio9yMy 203 8Tjey

kE «S°L0T

P



onom'l"“"“‘,"

19usg paaan) YItm aqng yauezag ¢°y andyz

TTen
\xu-ﬁn
°1aeL wSlL
v v
aqng co«uauooacx\\\roﬁuoom 189y,
£3v1e10 103 pa3ITwo A13aed a1qeg / V=V NO11Dd$
— . S,
v ~
staayq 103 syjey

wS°L0T WwSZ°9



SEEA S 12POW sdjuwwulq yTeadadg °H

asmnog auoydoadI v0gz ¥94 °d

43rn souoydoadTH 9¢1y N9d °d

19p1009Y XX V-G%0L dH °T

293ndwo) 47 ayddy *3

1aziieuy 2wyl ey

I9pl029y odel Srs viBey °o

£1ddng
sdueaxg 9192

zo03jBI9U9

uwog3duni vooce 9 (¥7

203812U9) ISTON Wopuwy
V-06€1 oFpey [vI2U3) (T

22IN0g ISTON

393y T¥Inda 00ZZ 024Vl

213737 1dwY 19404 (0GT~Q UMOLD

E
2
2

24
[ ]
[ -]
s 3
28
)
06

saeyeads 9g-G0y 93TV

‘a

‘v

*j3usud |nb3 uoyl|sinboy
Bl8( puUE UOTIBIIUIY ISFON

ty'1 @2anByg

- oew - °

---O7770

H

Y

shjouy asyon

2] vnivanonng

e

~y

WawI LIy asopg

oL 01usD) Buyopg




‘3qn] dA®M aueld Yl 103) swaIskg Iinssaig $'1 21n8713

OF POOR QUALITY

ORIGINAL PAGE IS

4V pa3lg

i

aAleA

ity paa|g

T

abne9
31NsSald [eljualaljig

dung
wnniep ol =

BABA JJO INYS

xog Jayeads |
wo.j iy

YINIMS
150-U0 A
dwngd wnnoep




The following chapters (Chapters 2-7) discuss the different
aspects of the testing and also present in an ordered fashion the
results for each group of tests performed. Chapter 2 presents the
details of the modifications that were made to the test facility
for testing and also describes the panels tested. Chapter 3 gives
the noise reduction characteristics of the bare panels. Chapter &
discusses the noise reduction characteristics of the curved and
flat panels with Y=370 damping tape applied. Chapter 5 presents
the noise reduction characteristics of the panels with Y-434
damping tape applied. The effect of applying Y-436 damping tape
to the panels is given in Chapter 6. The noise reduction character-
istics of applying both Y-370 damping tape and two types of
insulation is presented in Chapter 7. Chapter 8 concludes this

report with conclusions and recommendations.



CHAPTER 2
DETAILS OF THE MODIFICATIONS AND THE TEST PANELS

The present series of tests with flat and curved panels with
pressure differential across the test specimen demanded modifications
to the KU-FRL acoustic test facility. These are detailed in Section
2.1 of this chapter. The details of the test specimens, damping
tapes, and the insulation material are presented in Section 2.2.

Table 1 summarizes the variables in the conducted tests.

2.1 MODIFICATIONS TO THE ACOUSTIC TEST FACILITY

2.1.1 Depressurization System

As previously mentioned, testing was done with pressure
differentials across the test panel. A depressurization system
was already used in the KU-FRL acoustic test facility (Reference 2)
for previous testing and was reactivated for usage in this testing
phase of the research project. The schematic diagram of the system
has already been shown in Figure 1.5. The system was calibrated
prior to the tests to determine the line losses for proper
calibration of the tests. The system was reliable and posed
little problem during the tests. Pressure differentials up to

3 psi were used.

2.1.2 Extension Tube for Curved Panel

To test the curved stiffened panel, there were some modifications
that had to be made to the test facility, specifically to the Beranek

tube. Unlike the flat panel which can be directly clamped to the



Table 1, List of variables in the conductsd tests,

Panels:

a) Flat Stiffened Aluminum, thickness = ,040"
b) Curved Stiffened Aluminum, thickness = ,040"

Noise Source:

a) Sine Wave Sweep Oscillator
b) Random Noise Generator

Qgpressurization. AP *

a) 0 psi
b) 1 psi
¢) 2 psi
d) 3 psi

Damging Material:

a) Y-370
b) Y=434
c) Y-436
d) Y-370 + Light Insulation ( Fiberglass, p = 0.817 1b/ft> )
e) Y=370 + Heavy Insulation ( Fiberglass, p = 7,345 1b/£t3 )

Percentage of Coverage:

a) 0 X (Bare Panel)

b) 30 2

c) 60 %

d)100 % (18" x 18" area)

* Some of the test are conducted at 2,5 psi instead of 3 psi.

9



test section, the curved panel required an additional curved support
on both sides of the panel so that a simply supported edge condition
could be simulated. Figure 1.3 shows the extension tube in place

on the Beranek tube with the curved panel in place. This extension
was constructed from 3/4 inch particle board and had the same
outside dimensions as the standard Beranek tube. The extension

tube shifted the centerline of the test specimen back by 3 inches
from the noilse source, compared to the standard 1 inch for the

flat panel. No corrections have been made for the cavity effects

of this extension. However, the distance between the microphones

was maintained constant (8 inches).

2.2 DESCRIPTION OF THE TEST PANELS AND THE DAMPING TAPES

2.2.1 Flat Panel

The flat panel, made from standard aluminum sheet, was
stiffened in one direction by "L" stringers. The sheet was
.04 inch thick and 20 inches by 20 inches in outside dimensions.
The extruded stiffeners were riveted to the skin, Fignre 2.1 gives

the geometrical and the mass properties of the stringers.

2.2,2 Curved Panel

The aluminum curved panel was stiffened in two directions.
The sheet thickness was .04 inch. The panel was curved in one
direction and stiffened in both directions, thus approximating a
typical general aviation type sidewall. The radius of curvature
of the panel was 33 1/2 inches. The stiffeners and the frames were

riveted to the skin, The geometric and the mass properties ar-

10
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given in Figure 2.2. The outside panel dimensions are 20 inches

by 20 inches.

2,2.3 Damping Tapes

Three damping tapes were used in the investigations. They were
Y-370, Y-434, and Y-436, manufactured by the 3M Company. They providad
constrained layer damping., The Y-434 has 2 7 mil constraining layer,
and the Y-436 hgs a 17 mil constraining layer. They were self adhesive,
and as a result application to the test specimen was easy. The tapes
were applied in amounts of 30%, 50Z, and 100X of the panel test area
(18 inch x 18 inch). During tests with partial coverage, the appli-
cation was limited to the central part of the test panel. The
stringers and the frames were not treated with the damping tape.

It should be noted that the damping properties, in particular the
logs factor, of these materials will degrade when i is exposed

to low temperatures, as it will be during cruise flight. Because it
is not possible to zonduct the tests at other temperatures thap at
room temperature in the KU-FRL facility, the results of these tests

should be judged in this context.

2.2,4 Insulation Material

To study the eZfects of rorous fiberglass materials, two
densities (0.817 1b/ft3 and 7.345 1b/ft3) of fiberglass were used.
These were manufactured by the Forty-Eight Insulation Corporatiom.
These materials were loosely placed over the test panels with the

Y-370 damping tape.
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CHAPTER 3

NOISE REDUCTION CHARACTERISTICS OF
BARE FLAT AND CURVED PANELS

In this chapter, the noise reduction cha~acteristics of stiffened
flat and curved panels without any traatment are discussed. Section
3.1 covers the flat panel; in Section 3.2 the curved panel noise

reduction characteristics are discussed.

3.1 FLAT PANEL RESULTS

Tests have been carried out in the Beranek tube with two
different noise sources: a sweep oscillator and a random noise
generator. The effects of depressurization have also been investi-

sated.

3.1.1 Effects of Noise Source

Tests with a sweep ocsillator were carried out in two steps to
improve the resolution at lower frequencies. In the firast sweep,
a frequency range of 20 Hz to 500 Hz was coverad with an effective
bandwidth of 3 Hz. The second sweep covered a frequency range of
500 Hz to 5000 Hz with an effective bandwidth of 15 Hz. In both
cases the linear sweep time was 100 seconds. Tests with the randon
noise generator were carried out in two steps to improve the
resolution in the low frequency region.

The results of the tests are given in Appendix A (Figure A.l
and Figure A.5) for both cases. With these selections the results

obtained matched within the experimental scatter in the low frequency

14
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region. The mean root square values of the results in the high
frequency region were also nearly the same. These results are
congistent with results obtained earlier with unstiffened panels
(Reference 3). It should be noted that even with a random noise
generator, the source microphone signal was not "flat" due to the
cavity effects on the source side. From Figures A.l through A.8,
it can be concluded that no significant differences in the results
exist between these two noise excitations, even when there is a

pressure differential across the source and the receiver microphones.

3.1.2 Effect of Depressurization

Earlier studies have indicated that depressurization increases
the low frequency noise reduction due to the stiffening effect
(Reference 3). The purpose of these tests was to check the effect
on already stiffened panels. 1In all cases the pressure on the source
side was reduced to simulate actual aircraft conditions. Depressur-
izations up to 3 psi pressure differentials were investigated.

Narrow band results and one-third octave band results for both types

of excitation are given in Appendix A (Figuves A.l through A.8).

The cross plot of the results as a function of the pressure differentials
is given for two frequencies, 100 Hz and 3000 Hz, in Figure 3.1.

The effects observed were similar to the results in Reference 3.
However, the increase in low frequency noise reduction was not high.
Since the panel is already stiffened, the increase in stiffness is
not proportionally high. This can be seen in the increase in resonance

frequency. In this case it increased from 112 Hz to 230 Hz. The

16
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change in resonance frequcpcy due to pressure differential is showm

in Figure 3.2. The major part of the increase occurs in the first

1l psi pressure differential. The noise reduction values at low
fraquencies increased from 17 dB to 28 dB for the first 1 psi pressure
differantial and from 28 dB to 32 dB when the pressure differential
was increased from 1 psi to 3 psi. The high frequency noise reduction
shoved a slight decrease, 1-3 dB, due to the pressure differential.
This result is at variance with the earlier results for the unstiffened
panel, when it was reported that it remained the same (Reference 3).
However, the present results tend to confirm the published results

by Koval (Reference 4).
3.2 CURVED PANEL RESULTS

Test results for unstiffened, curved panels have already been
published in Reference 5. The results indicated that low frequency
noise reduction of an unstiffened, curved panel increages with
increasing curvature up to a certain value and then decreases.
Curving a panel stiffenes the panel, but the angle of incidence
of the panel is nc longer normal. The combiration of these two
effects determines the final low frequency noise reduction. During
the present series, the noise reduction characteristics of one

curved, stiffened panel was investigated.

3.2.1 Effect of Noise Source

The results of noise reduction tests with the stiffened,
curved panel without any pressure differential for both the noise

excitations are given in Appendix B (Figure B.l and Figure B.4).
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Once again, the same conclusions as in Section 3.1 are reached.

This is true even when there is a pressure differential.

3.2.2 Effect of Depressurization

Narrow band and one-third octave band results for these tests
are given in Appendix B (Figures B.l through B.7). A cross plot
of these results as a function of pressure differential is given
in Figure 3.3. Since the panel is already stiff, the increase in
stiffness due to depressurization is small. The resonance frequency
of the panel at zero pressure differential is 220 Hz and increases
to 290 Hz at 2.5 pressure differential (see Figure 3.2). Low
frequency noise reduction increased from 31 dB to 37 dB due to
3 psi pressure differential (Figure 3.3). Once again, the major
part (5 dB) of the increase occurs in the first 1 psi pressure
differential. In the mass law region the pressure differeantial
across the test specimen decreases the mean consistent with Koval's

results (Reference 4).
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CHAPTER 4

NOISE REDUCTION CHARACTERISTICS OF STIFFENED FLAT AND
CURVED PANELS WITH Y- DAMPING MATERIAL

In this chapter, noise reduction tests performed to assess the
effacts of Y-370 material on flat and curved panels are described
and the results obtainad are discussed. Investigation of flat,
stiffened aluminum panel with and without 100 treatment of Y-370
material has been discussed in an earlier report (Reference l).

In the same report a simple single degree of freedom amalytical
model was develored which predicted the low frequency noise reduction
reasonably well. The effect of the damping material was found to
decrease the fundamental resonance frequency and also the noise
reduction values in the stiffness-controlled region. However,

at the resonance frequency itself, the noise reduction was increased.
Also, in the high frequency region the resonance peaks and dips

were smoothed out.

4.1 TESTS PERFORMED ON PANELS COVERED WITH Y-370

During the present phase of the investigation, tests have been
performed to assess the effects of percent coverage, pressure
differential, and noise source. Three percent coverages were tested
(30%, 60%, and 100%). These percentages correspond to the exposed
area of the test panel, as indicated in Chapter 2. Tiliree pressure
differentials were investigated (1, 2, 3 psi) under two types of
noise sources, swept noise and random noise. In addition to the flat
panel, a curved panel with stiffeners in both directions was used.

The results, both narrow band and one-third octave plots, obtained
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for the flat panel are given in Appendix A (Figures A.9 through A.32).
Similar results for the curved panel are given in Appendix B (Figures

B.9 through B.32).

4.2 FLAT PANEL RESULTS

The stiffened flat panel, as described in Chapter 2, was tested
with 30%Z, 60%, and 100X coverage of damping materials. The results

obtained with each of the percent coverages are discussed next.

4.2.1 302 Panel Coverage

Results of eight tests carried out for this assessment are shown
in Appendix A (Figures A.9 through A.16). The difference in the noise
reduction values due to the two noise sources were negligible. The
results matched within the experimental scatter. Similar conclusions
were reached for the untreated panels.

The effect of depressurization for this configuration is shown
as a crossplot in Figure 4.1. This figure shows that in the low
frequency domain, the noise reduction characteristics of the panel
are basically the same as the bare, flat panel for all pressure
differentials except at O psi. Here, the panel treated with 30%
damping tape has a noise reduction value of 21 dB as compared to
17 dB of the bare panel. An increased noise reduction is only seen
from a 0 psi pressure differential to a 1 psi pressure differential.
From 1 psi onward, there is no appreciable noise reduction gained
from an increased pressure differential. High frequency noise

reduction characteristics of the panel covered with 302 Y-370 gain
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2 dB over the bare panel, but the effect of pressurization is
negligible over the entire pressure differential range tested.

Figure 4.2 shows the effect of the increased pressure differential
on the resonance frequency of the panel. The panel at 0 psi pressure
differential has a resonance fraquency of 120 Hz. This frequency
increases to a value of 215 Hz at 3 psi for an increase of 95 Hz.
However, most of this increased noise reduction occurs in the first

half of the curve from O psi to about 1.5 psi.

4.2.2 60X Panel Coverage

Results of eight tests carried out under this configuration
(two noise sources and four pressure differentials) are given in
Appendix A (Figures A.17 through A.24).

Once again, tests indicated no difference in results between
the noise sources. The general trend of the results obtained with
depressurization was also similar to previous tests (Figure 4.3).
Noise reduction valnes increased from 19 dB at 0 psi to 23 dB at
1 psi at a low frequency. From 1 psi to 3 psi, the noise reduction
values flatten out at around 30 dB. High frequency noise reduction
values remain at a constant 40 dB noise reduction throughout the
entire depressurization range.

The change in resonance frequency as a function of the pressure
differential is plotted in Pigure 4.4. The panel subjected to no
pressure differential exhibits a resonance frequency of 120 Hz.

The first 1 psi pressure differential givas the gruatest increase
in resonant frequency to a value of 180 Hz at 1 psi. The curve

flattens out after this to a final value of 192 Hz at 3 psi.
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4.2.3 100% Panai Coverage

Results of tne tests with this configuration are shown in
Appendix A (Figures A.25 through A.32). The conclusions reached
with these results are also similar to the test results obtained
with 302 and 60% coverage. Specifically, 7.5 dB guin is achieved
for the first 1 psi pressure differential (Figure 4.5) at low
frequency (100 Hz). In the high frequency region (3000 Hz), the
noise reduction levels do not change appreciably with a changing
pressure differential. In the high frequency region, the noise
reduction stays at a level of approximately 41 d3.

For this configuration the change in resonance frequency as
a function of the pressure differential is given in a cross plot
in Figure 4.6. The results obtained are similar to other perceut
coverages tested. This figure shows that the resonance frequency
of the panel is 140 Hz with no pressure differential and increases

to 190 Hz at a pressure differential of 3 psi.

4.2.4 Effect of Percentage of Coverage

The effect of percentage of coverage on the noise redvciion
characteristics of the panel is given in Figures 4.7 and 4.8.
Figure 4.7 gives the results of the low frequency region. This
figure shows that the effect of coverage on the noise reduction
abilities of the flat panel covered with Y-370 damping tape is
fairly negligible. What this figure dces show, however, is that
the greatest cffect of the damping tape occurs in the first 1 psi

pressure differential, as previously stated. The noise reduction
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level for a 0 psi pressure differential is about 20 dB and goes to
a constant level of about 30 dB at a 3 psi pressure differential,
regardless of the change in coverage.

The effect of coverage in the high frequency region (3000 Hz)
is given in a cross plot in Figure 4.8. This figures shows that
there is very little change in noise reduction as a function of
pressure differential, as verified in the previous paragraphs and
figures. The effect of coverage is very slight, with a general
upward trend from 38 dB to 41 dB due to increased mass of the panel

from the damping tape.

4.3 CURVED PANEL RESULTS

Similar tests as “hose described in Section 4.2 for the flat
panel were carried out, essentially to make a one-to-one comparison
between a curved and a flat panel. The purpose of the percentage
of coverage is to determine the effectiveness of the damping tape
under actual flight conditions. However, due to the limitation of
the test facility, the effect of temperature on the damping tape
could not be investigated. A curved panel stiffemed in both
directions with partial coverage of damping material is a good
simulation of actual aircraft structures. Hence, individual noise
reduction curves with these specimens are representative of actual
noise reduction values obtainable in an aircraft, within the constraints

of receiving space impedance of the Beranek tube.
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4.3.1 30% Panel Coverage

Results given in Appendix B (Figures B.9 through B.16) for
two noise sources (swept sine wave and random noise) and four
pressure differentials (0, 1, 2, and 3 psi) indicate essentially
the same results as obtained for the untreated panel for the two
noise sources. The results of depressurization tests are shown
in “igure 4.9. In the low frequency region (100 Hz), the noise
reduction obtained with no pressure across the panel is 31 Hz.
This value rises to 37 Hz at 3 psi pressure differential along
a gradual slope. It has been shown with the untreated panel that
the effect of depressurization in the high frequency region 1is
to lessen the noise reduction characteristics of the curved panel.
Similar results are also obtained with 30% coverage. Noise
reduction values in the high frequency region vary from 37 4B
at 0 psi to 34 dB at 3 psi pressure differential.

The pressure differential also affects the frequency of panel
resonance. Figure 4.2 shows that the higher the pressure differential,
the higher the resonance frequency of the panel. Unlike the flat
panel which tended to level out at higher pressure differentials,
the curved panel shows no tendency to flatten out at these higher
pressure differentials. The panel exhibits an increasing behavior
of the resoaance frequency from 220 Hz with no pressure across the
panel to 280 Hz at 3 psi pressure differential. Therefore, the effect
of increasing pressure differentials on a curved, stiffened panel
is to push the resonant frequency up to higher frequencies but not
to affect significantly the value of the noise reduction itself at

the low and high frequency values investigated.
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4.3.2 60% Panel Coverage

Results of tests with 60% coverage with pressure differentials
and two different noise sources are shown in Appendix B (Figures B.17
through B.24). The conclusions about the noise source are the same.
The cross plot for pressure differential indicates a nearly similar
trend as in previous cases (Figure 4.10). The low frequency curve
has noise reduction values of 30 dB at O psi to 37.5 dB at a high
pressure differential of 3 psi. Once again, most of the increase
occurs in the first half of the curve'with a general flattening
out around 2 psi. The high frequency curve (3000 Hz) has noise
reduction values that decrease with increasing pressure differential.
The noise reduction at O pei is 38 dB and drops to 35 dB at 3 psi.
This drop is relatively gradual with a flattening out around the
2 psi value.

Thg change in resonance frequency due to a changing pressure
differential is plotted in Figure 4.4, This figure shows the
resonance frequency to be rapidly increasing between O psi and 1 psi
from 205 Hz to a value of 250 Hz., After the 1 psi pressure differ-
ential, the curve does not have such a large slope and increases

to a value of only 270 Hz at 3 psi pressure differential.

4.3.3 1002 Panel Coverage

Appendix B (Figures B.25 through B.32) gives the results
for 100% panel coverage for the eight tests carried out. Once again,
the noise source was not a significant parameter. Results of depre-

surization tests are shown in Figure 4.11 for 100 Hz and 3000 Hz.

37



NOISE REDUCTION ~ dB

ORIGINAL PAGE IS
OF POOR QUALITY

Fiéure 4:11:

PRESSURE DIFFERENTIAL ~ AP, psi

50 S e A ———————
40 1 )
30
: Q-100 Hz
{~3000 Hz
curved stiffened aluminum panel
thickness = 040"
20 100 2 Y-370
0 / 2 3

Effect of Pressure Differential on Noise Reduction
Characteristics of a Curved, Stiffened Panel with
100Z Y-370 Damping Tape at Low and High Frequencies

38



This figure shows that the low frequency noise reduction values
increase from 30 dB at O psi to 37 dB at 3 psi pressure differoential.
lLow frequency noise reduction vaiues increase steadily from O psi to
2 psi, then level off to 37 dB. The decrease in mass law region

in this case is negligible (from 38.5 dB at O psi to 38 dB at 3 psi).

4.3.4 Effect of Percentage of Coverage

Cross plots were made to show the effect of percentage of
coverage of Y=-370 applied to the panel at different pressure levels.
Figures 4.12 and 4.13 depict the results in a series of eight graphs.
Figure 4.12 shows the low frequency noise reduction values with a
varying coverage. The results are much the same as those obtained
with the flat panel curves (Figure 4.7). Here, as in the case with
the flat panel, the effect of coverage was virtually nil. This figure
verifies the results obtained from the other cross plots concerning
the rise in noise reduction values from O psi to 1 psi with a
flattening out after this value. Again, the effect of increasing
the amount of damping material on a curved panel is to lower the
resonance frequency but not to increase the noise reduction values
significancly.

From Figures 4.7, 4.8, 4,12, and 4.13, it is concluded that
the presence of damping tape has negligible effect on the overall
noise reduction characteristics away from the resonance frequencies.
When the mass of the damping tape constitutes a large percentage of
the total panel and tape mass, the effect is essentially to increase

the least squares lines noise reduction in the high frequency domain.
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Due to the scatter of the experimental results, no general trend of
noise reduction values at the fundamental resonance frequency could
be observed as a function of damping tape coverage. But for the
resonance frequeacy itself, a gradual decrease in frequency is
observed for an increasing area of damping tape coverage. This
type of damping tape adds very little additional stiffness to the
base panel. Hence, as the mass alone increae: s, the fundamental

rasonance frequency decreases.
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CHAPTER 5

NOISE REDUCTION CHARACTERISTICS OF STIFFENED FLAT AND
CURVED PANELS WITH Y-434 DAMPING MATERIAL

In this chapter, noise reduction tests performed to assess the
effects of Y-434 damping tape on flat and curved panels are described,
and the results obtained are discussed. Y-434 and Y-436 materials
are damping tapes which provide increased damping action due to the
constrained aluminum outer layer. Y-434 has a 7 mil constraining
layer. The purpose of these tests is to compare the noise reduction

values of panels with this damping material with those of Y-370.
5.1 TESTS PERFORMED ON PANELS COVERED WITH Y-434

The parameters investigated were the same as for damping tape
Y-370: four pressure differentials were examined (0, 1, 2, and 3 psi);
two types of noise sources, white noise and discrete noise; and three
different coverages (30Z, 60%, and 100%Z) of the Y-434 damping tape.

The results of these tests, both narrow-band and one-third octave
plots, for the flat panel are given in Appendix A (Figures A.33
through A.56). The results for the curved panel, both narrow-band
and one-third octave, are given in Appendix B (Figures B.33 through

B.56).
5.2 FLAT PANEL RESULTS

5.2.1 30% Panel Coverage

Results of these tests are given in Appendix A (Figures A.33

through A.40. The effect of noise source is negligible for these tests.
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A cross plot of the noise reduction versus the pressure
differential for this panel is given in Figure 5.1. This figure
shows that low frequency reduction increases with increasing pressure
differentials across the panel from 22 dB at 0 psi to 31.5 dB at
3 psi pressure differential. Most of this increase is seen in the
first 1 psi of the curve, where the noise reduction value is 28.5 dB
at 1 psi. The curve tends to flatten out after this value. In the
high frequency region the noise reduction values are relatively
constant around 38 dB. There is a slight drop in the noise reduction
with increasing pressure differential, but the trend is slight.
Therefore, it is concluded that the effect of increasing the pressure
differential with this treatment is to increase the low frequency
noise reduction value about 10 dB but not to affect the high frequency
noise reduction characteristics to any significant effect.

Increasing the pressure differential also affects the position
of the resonance frequency. Figure 5.2 shows the resulcs of increasing
the pressure differential across the panel. The value of the resonance
frequency is 125 Hz with no pressure differential, and it increases
to 220 Hz when the pressure differential is 3 psi. This increase
is gradual, not as sudden as was seen with the panels with Y-370
damping tape. Even though the resonance frequency does not show
the trend of flattening out at the higher pressure differentials
associated with the Y-370 damping tape, it is considered that it
could be due to experimental scatter, rather than any significant

trend.
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5.2.2 602 Panel Coverage

Results of these tests are given in Appendix A (Figures A.41
through A.48). Comparison of the graphs indicate that there is
little difference in the two noise sources as there is in previous
cases. A cross plot of the noise reduction versus the pressure
differential is given in Figure 5.3. This figure shows that initial
noise reduction of the panel without any pressure differential is
22 dB and that it rises to 31.5 dB at a pressure differential
at 3 psi. After the 1 psi value, the curve tends to level off
around 32 dB. The high frequency noise reduction characteristics
of the panel did not change in the pressure ranges tested. The
noise reduction value is approximately 40 dB at 0 psi, where it
stayes throughout the test region within the range of scatter.

So it is seen that the effect of a pressure differential is to
increase the low frequency noise reduction characteristics of the
panel but not to affect the high frequency noise reduction values.

The fundamental resonance frequency of the panel is changed
by an increasing pressure differential, as witnessed in Figure 5.4.
This figure shows the resonance frequency being 120 Hz at 0 psi
differential and increasing rapidly to a value of 210 Hz at 2 psi
pressure differential, where it flattens out to a final value of

212 Hz at 3 psi.

5.2.3 100X Panel Coverage

Results of these tests are given in Appendix A (Figures A.49

through A.56). Once again, it is concluded that there is little
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difference between the two noise sources. For this panel, the
initial value of noise reduction at 100 Hz is 21.5 dB at 0 psi,
which rises to 31.5 dB at 3 psi pressure differential (see Figure 5.5).
Once again, most of the gain in noise reduction for this panel occurs
in the first 1 psi. After the 1 psi differential, the curve levels
out to the final value of 31.5 dB. Noise reduction at 3000 Hz
starts at approximately 39 dB and stays constant at this level
throughout the entire pressure differential region. The pressure
differential has little effect on the high frequency noise reduction
characteristics of this treated panel.

The resonance frequency of the panel is increased as a result
of the increased pressure differential, and this is shown in Figure
5.6. The initial resonance frequency of 130 Hz is rapidly increased
by the pressure differential up to the 1 psi level of 196 Hz. The
final resonance frequency of 215 Hz is realized at a pressure dif-
ferential of 3 psi, showing the earlier trend to level off. The
effect of pressurization is still to increase the stiffness. The
maximum increase occurs in the initial 1 psi. Additional increase

in stiffness does not increase the resonance frequency.

5.2.4 Effect of Percentage of Coverage

Results from Figures 5.1, 5.3, and 5.5 were cross plotted to
investigate the effect of percentage of coverage. Figure 5.7 and
Figure 5.8 show the effect of coverage on the noise reduction charac-
teristics of a flat, stiffened panel for the low and high frequencies

that have been singled out in this report (100 Hz and 3000 Hz).
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Figure 5.7 shows that the low frequency noise reduction characteristics
>f the panel are not significantly changed as a result of adding Y-434
damping material to it. With a possibls exception at 0 psi pressure
differential, the noise reduction values remain constant throughout
the coverage range tested.

Figure 5.8 shows the effect of percentage of coverage on high
frequency noise reduction characteristics at different pressure
differentials. These graphs show that the effect of adding Y-434
damping tape to the panel is to increase the noise reduction ability
by approximately 1-2 dB. These figures show quite graphically
the relative importance of the higher mass in the high frequency

region.

5.3 CURVED PANEL RESULTS

Tests similar to thosc for the flat panel were carried out for

the curved, stiffened panel.

5.3.1 30X Panel Coverage

Results of these tests are given in Appendix B in Figures B.33
through B.40. A cross plot of the noise reduction characteristics
versus the pressure differential is given in Pigure 5.9. This figure
shows the familiar trend of the curves exhibited in the figures
presented for the Y-370 damping tape in Chapter 4. The low frequency
noise reduction value for no pressure differential is originally
31.5 dB. This noise reduction value rises slowly with increasing

pressure differcntial up to a final value of 37.3 dB at 3 psi pressure
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differential. As with the flat panels, there is no big jump in noise
reduction in the first 1 psi for this treatment of the curved pauel.
High frequency noise reduction characteristics of the curved panel
treated with 30X Y-434 are also shown in Figure 5.9. The graph shows
that the noise reduction level of this panel starts at 36.5 dB and
then drops to a final value of 33.5 dB at 3 psi pressure differential
at 3000 Hz. This tendency to drop off 1s comsistent with those
discussed in Chapter 4 for the curved panel.

The change in resonance frequency due io a changing pressure
differential is shown graphically in Figure 5.2. The resonant fre-
quency is 225 Hz at 0 psi pressure differential and increases rapidly
in the first 1 psi pressure differential to 260 Hz. After this value,
the resonant frequency increases more slowly to a final value of 285
Hz at 3 psi. The increase in resonance frequency as a result of
incres:ing pressure differential does not level off like the flat
panel resonant f.eyuencies; thus, the effect of increasing pressure

differential is to increase the resonance frequency.

5.3.2 60% Panel Coverage

Results of these tests are given in Appendix B (Figures B.4l
through B.48). By comparison of similar graphs, it can be seen that
there is little difference between the sweep oscillator and the white
noise source. A cross plot of the effect of increasing pressure
differential on noise reduction characteristics is given in Figure
5.10. This figure shows a modest rise in noise reduction values for
the low frequency range. Noise reduction in the low frequency region

is initially 30 dB. The affact of pressure differential is seen to
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push the noise reduction up to a value of 36.5 dB at 3 psi pressure
differential, a gain of 6.5 dB.. The most marked increase in noise
reduction is seen in the first 1 psi of this graph. In the high
frequency region (Figure 5.11) the decrease in noise reduction
corresponded with simular observations at other percentages of
Y-434 or Y-370 for curved panels. A decrease of approximately 5 dB
occurs within 3 psi pressure differential.

There is an increase in the resonant frequency, as shown in
Figure 5.4, as a result of increasing the pressure differential
across the panel. From an initial value at 220 Hz, the curve quickly

rises to a value of 290 Hz at a 3 psi pressure differential.

5.3.3 100Z Panel Coverage

Results of the tests are given in Appendix B in Figures B.49
through B.56. A cross plot of the values obtained for the frequencies
representative of each region is found in Figure 5.11. This plot
shows a similar behavior for the two curves as it was seen in the
previous plots. The low frequency noise reduction shows a modest
rise from a 31 dB at O p3i to a 37 dB noise reduction at 3 psi
pressure differential. Although most of the noise reduction gained
is obtained in the first 1 psi, the gain is not so marked as the
previous ones. The high frequency noise reduction suffers a little
as a result of increasing the pressure differential; however, the
decrease is only about 2 dB.

The resonance frequency of this treated panel also increases
as a result of increasing the pressure differential across the panel,

as seen in Figure 5.6. The resonance frequency is originally 220 Hz
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with no pressure differential across the panel, and it steadily
increases to a final value of 285 Hz at 3 psi. The largest gain

in noise reduction is again seen in the first 1 psi pressure dirfer-
ential, where the value of the resonant frequency is 250 Hz. The
effect of increasing pressure differential on this treated panel

is to push up the resonance frequency and to increase the low
frequency noise reduction characteristics while virtually ignoring

the high frequency noise reduction characteristics.

5.3.4 Effect of Percentage of Coverage

The effect of percentage of coverage of Y-434 damping tape
is seen in Figure 5.12 and Figure 5.13. Figure 5.12 gives the
results of the low frequency noise reduction noise reduction charac-
teristics at 100 Hz. This figure shows that the effect of percentage
of coverage does not affect the noise reduction capability of a
curved panel. The curves given in this figure are flat, indicating
the negligible effect of the coverage. The curves in Figure 5.13
for high frequencies cxhibit about the same behavior as those seen
in the similar plots for a flat panel. Calling a trend for these
graphs would be difficult at best, although it seems that a slight
upward trend in noise reduction would be the right conclusion for
high frequencies. At 0O psi, a slight decrease in resonance frequency
occurs with an increase in coverage. This could be due to the fact
that the mass of the panel increases, without a corresponding increase
in stiffness. Comparison with results of a bare panel (Chapter 3)

indicates that the change in the fundamental resonance frequency is
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very small with application of damping tape. The additional
stiffening effect of the constraining layer is balanced out by
the additional mass added. Once again, the values of resonance

frequencies are ill-defined precluding any general conclusious.
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CHAPTER 6

NOISE REDUCTION CHARACTERISTICS OF STIFFENED FLAT AND
CURVED PANELS WITH Y-436 DAMPING TAPE

6.1 TESTS PERFORMED ON PANELS COVERED WITH Y-436

During the present series of investigations for noise reduction
characteristics, panels covered with the Y=436 were tested for the
effect of varying pressure differentials, percent of damping material
coverage, and noise source effects. Four pressure differentials
were examined (0, 1, 2, and 3 psi) under two types of noise sources,
white noise and swept sine wave noise, with three different coverages
(302, 60%Z, and 100%Z) of the Y=-436 damping tape. Two panels were
tested for their noise reduction characteristics: a flat, stiffened
panel and a curved, stiffened panel. Results of these tests, both
narrow-band and one-third octave plots, for the Y-436 damping tape
applied to the flat panel are given in Appendix A (Figures A.57
through A.80). Results for the curved panel are given in Appendix

B (Figures B.56 through B.80).

6.2 FLAT PANEL RESULTS

Tests were carried out to determine the effect of noise source
on the panels. These tests were done with the same procedure as
those outlined in the first paragraph of Section 3.1.1 of this report.

The effect of noise source is once again negligible.
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6.2.1 30X Panel Coverage

Results of the tests are given in Appendix A (Figures A.57
through A.64). A crossplot of the results for the effect of pressure
differential on noise reduction is given in Figure 6.1. This figure
shows that the effect of increasing the pressure differential is to
increase the noise reduction ability of the panel in the low frequency
region. Noise reduction is increased from 20 dB at 0 psi pressure
differential to 31 dB at 3 psi. The slope of the curve is large in
the first 1 psi region, giving a large increase in noise reduction,
but then flattens out in the higher pressure differentials to a final
value of 31 dB. The high frequency noise reduction characteristics
as a result of pressure differential are unchanged. The high frequency
values are relatively unaffected by the depressurization and stay at
approximately 38.5 dB noise reduction.

The resonance frequency changes according to the graph in Figure
6.2. An increasing pressure differential pushes the resonance fre-
quency up from its initial value of 120 Hz to about 190 Hz in the
first 1 psi pressure differential. This value is further increased
to 213 Hz with a differential of 3 psi. So the effect of increasing
pressure differential is to increase the resonance frequency and to
increase the low frequency noise reduction characteristics, while

not affecting the high frequency characteristics.

6.2.2 602 Panel Coverage

Results of the tests for this coverage are presented in Appendix

A (Figures A.€ through A.72). A cross plot of the effect of pressure
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differential on the noise reduction characteristics of the banel is
given in Figure 6.3. This figure shows that by increasing the pressure
differantia. across the panel from O psi to 1 psi, the noise reduction
gained is 10.5 dB. At O psi pressure differential the noise reduction
is 17.5 dB, so the increase gives a value of 28 dB at 1 psi. This
value is increased to 31 dB at 3 psi. High frequency noise reduction
‘15 again not changed by stiffening the panel. High frequency reduc-
tion is constant throughout at 40 dB.
Figure 6.4 shows the results of stiffening the panel on the value

of the resonance frequency. With this treatment, the flat panel has
an initial resonance frequency of 110 Hz. This value increases to

207 Hz at 3 psi, with a major increase occurring in the first 1 psi.

6.2.3 100% Panel Coverage

Results of these tests on the flat panel are given in Appendix
A in Figures A.73 through A.80. A cross plot of the effact of pressure
differential of the noise reduction characteristics of this panel is
given in Figure 6.5. The noise reduction value at 100 Hz irncreases
from 17.5 dB at O psi to 28 dB at 1 psi, an increase of 10.5 dB.
From 1 psi, the noise reduction increases to 30 dB at 3 psi pressure
differential. There is no effect on the noise reduction character-
istics in the high frequency domain. The nolse reduction stays
constant at 42 dB, |

The resonance frequency also increases as a result of depres-
surization of the panel, as shown in Figure 6.6. Here the resonance

fraquency rises from 112 Hz to 210 Kz at a pressure differential of

71



NOISE REDUCTION ~ dB

ORIGINAL FACE IS
OFf POOR QUALITY

45¢

< }r
35
25
8:100 Hz
3000 Hz
flat stiffened aluminum panel
thickness = 040"
100 & Y-436
15 ‘
0o ! 2 3

PRESSURE DIFFERENTIAL ~ AP, psi

Figure 6.5: Effect of Pressure Differential on Noise Reduction
Characteristics of a Flat, Stiffened Panel with
1007 Y-436 Damping Tape at Low and High Frequencies

72




ORIGINAL PACT T
OF POOR QUALITY

300

STIFFENED ALUMINUM PANEL

THICKNESS = ,040*

100 & Y=-436
N
z_; 250
EE
3
&
W
~ D
2 q
§ 200 : ——
Wy
(< cbﬁ)?
.
W
3
Q /
§ 150 .
Q J

/

/

/
”I
(@ -FLAT PANEL
D © -CURVED PANEL
100
0 ! 2 3

PRESSURE DIFFERENTIAL, PSI

Figure 6.6: Effect of Pressure Differencial on the Fundamental
Resonance Frequency for Flat and Curved, Stiffened

Panels with 1002 1v=436

73



ORIGINAL PAGE 3
OF POOR QEJALITY

50 50
40 40
30 30
o —fo—+o0—F—<
Q - '
. 20 9, — 20
S 2
o~ -y -
5 o ol—
S 0 25 -50 75 100 0 25 50 75 100
8 AP =0 pst A P={ pst
Q<
5 50
W
v
Q 940 40{
<
\ FonY ™\
30 : C 30 { + X -0 A
20 20
- S
0 51*
0 25 50 75 100 o 25 50 75 100
AP=2 pst AP=3 pst
PERCENT COVERAGE, Y-436
FLAT STIFFENED ALUMINUM PANEL THICKNESS = ,040' FREQUENCY = 130 Mz

Figure 6.7:

Frequency Noise Reduction Characteristics £

Effect of Coverage of Y-436 Damping Tape on Low

or a

Flat, Stiffened Panel at Different Pressure Differentials

74



3 psi. The familiar large increase in resonance frequency is
exhibited in the first 1 psi pressure differential. The value at

this pressure differential is 180 Hz.

6.2.4 Effect of Percentage of Coverage

The effects of percentage of coverage on the noise reduction
characteristics of the flat panel are given in graphs in Figures 6.7
and 6.8. Low frequency characteristics given in Figure 6.7 show
that the effect of coverage is again negligible when considering
the noise reduction of the panel. High frequency noise reduction
characteristics shown in Figure 6.8 show a slight upward trend
as a function of increasing coverage. This trend occurs in all
of the pressure differential graphs, having a larger slope as the
pressure differential increases. The resonance frequency remains
nearly the same, indicating that the additional mass of the coverage
is balanced out by the additional stiffness provided by the con-

straining layer.

6.3 CURVED PANEL RESULTS

Results of these tests are given in Appendix B (Figures B.57
through B.64). It can be concluded that there is no difference in

results due to the white noise and the noise from the sweep oscillator.

6.3.1 30Z Panel Coverage

A cross plot of the noise reduction characteristics versus

pressure differential is given in Figure 6.9. This plot shows that

75



REDUCTION, DB

NOISE

ORIGINAL PAGE 18
OF POOR QUALITY

50 50
40\ . r gu 40 _.——-"c
% © 1 P I -
30 i 30
20 20
-t
00 25 50 75 0 ;OL
10 25 50 75
AP =0 a2 AP=/ pst 100
5 50
_ G
AP sl N -__——_.
467;::===13--‘i={\ 4()5:::::j25:==-—‘43t'_
30 30
20 20
e - N
oL ol
0] 25 50 75 00 o 25 50 75 100
AP=2 pa AP=3 pet

PERCENT COVERAGE, Y-436

FLAT STIFFENED ALUMINUM PANEL THICKNESS = _ougn FREQUENCY

= 3000 Hgz

Figure 6.8: Effect of Coverage of Y-436 Damping Tape on High
Frequency Noise Reduction Characteristics for a
Flat, Stiffened Panel at Different Pressure Differentials

76



NOISE REDUCTION ~ dB

P

ORIGIN:Y. prot i3
OF POCR QuUALITY

40
>_ 7\ _j,_L e
v — —\
ﬁ—‘%;;—_giif’——‘__ f::==-<:
30p
. O-100 Hz
$-3000 Hz
'curved stiffened aluminum panel
thickness = 040"
20 30 3 Y-436
0 / 2 3

Figure 6.9:

PRESSURE DIFFERENTIAL ~ AP, psi

Effect of Pressure Differential on Noise Reduction
Characteristics of a Curved, Stiffened Panel with
30% Y~436 Damping Tape at Low and High Frequencies

77



the effect of the increased pressure differential on low frequency
noise reduction is to sharply increase the initial value of 30 dB

at O psi to 34.7 dB at 1 psi. After this point, noise reduction
increases steadily to 36.5 dB at 3 psi pressure differential. High
frequency noise reduction decreases as the pressure differential
goes up. The value drops from 37 dB to 35 dB for 3 psi. The effect
of the pressure differential on the resonance frequency is shown in
Figure 6.2. The iusonance frequency sharply rises from 220 Hz at 0
psi to 257 Hz at 1 psi pressure differential, a gain of 42 Hz. The
increase is not nearly as big at the higher pressure differentials
tested, where the final value is 273 Hz at 2.5 psi pressure differ-
ential. So the effect of increasing the pressure differential is to
increase both the resonance frequency and low frequency noise reduction

while decreasing high frequency noise reduction.

6.3.2 607 Panel Coverage

Results of tests with 60Z panel coverage of Y-436 are given in
Appendix B (Figures B.65 through B.72). A cross plot of the noise
reduction characteristics of this treated panel as a function of
pressure differential is given in Figure 6.10. This figure shows
that with increasing pressure differential the noise reduction
ability increases from 30.5 dB to 37.5 dB at 3 psi pressure differ-
ential along the low frequency curve. Like the previous high fre-
quency noise reduction curve, the noise reduction characteristics
decrease as pressure differential increases. The value at 3000 Hz

drops from 38 d8 at O psi to 34.5 at 3 psi.
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The resonance frequency is shown as a function of pressure
differential in Figure 6.4. This figure shows the familiar increase
in resonance frequency from 220 Hz at O psi to 270 Hz at 3 psi
pressure differential. The big gain is once again from 0 psi to

1 psi where the resnance frequency is 252 Hz.

6.3.3 1007 Panel Coverage

Results of the tests for this coverage are presented in
Appendix B (Figures B.73 through B.80). A cross plot of the effect
of pressure differential on the noise reduction charactecistics of
the pauel is given in Figure 6.11. The trends of the results are
similar to those of the 30% and 60% coverage. The noise reduction
increases from 30.3 dB to 37 dB for 3 psi with a major stiffaning
effect occurring between 0 and 1 psi in the lower frequency region.
The‘high frequency noise reduction values once again are reduded
as a result of depressurizing the panel. The high frequency values
fall from 39 dB at O psi to 37 dB at a 3 psi pfessure differential.

Figure 6.6 shows that the resonance frequency is increased
trom a value of 220 Hz at O psi to 253 Hz at 1 psi pressure differ-
ential, a gain of 33 Hz in the first 1 psi. The resonance fre-
quency further flattens out slowly to a final value of 270 Hz.
Again, stiffening the panel increases both the resonant frequency
and the low frequency noise reduction characteristics while de~

creasing the high frequency values.
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6.3.4 Effect of Percentage of Coverage

The effects of percentage of coverage on the noise reduction
characteristics of the flat panel are given as graphs in Figures
6.12 and 6.13. The low frequency graphs given in Figure 6.12 show
that the effect of coverage is again negligible on the noise
reduction characteristics for a curved panel. At high frequencies,
due to the increased mass, high frequency noise reduction increases
slightly. The effect of the constraining layer is to increase the
stiffness of the base panel. However, the increase in stiffness
is not high enough to overcome the effect of the increased mass.
Hence, the resonance frequency remains nearly the same. The values
of the noise reduction at the resonance frequency are consistently

lower than the values observed with Y-434 material.
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CHAPTER 7
NOISE REDUCTION CHARACTERISTICS OF STIFFENED FLAT AND
CURVED PANELS WITH Y-370 DAMPING TAPE
AND FIBERGLASS INSULATION
In this chapter, noise reduction tests performed to assess the
effects of Y-370 damping tape and two types of fiberglass insulation
on flat and curved panels are described and the results obtained
are discussed. The Y-370 damping tape alone was described im an
earlier chapter. The fiberglass used in the testing is described
as a light insulation (density = 0.817 1b/ft>) and s heavy insulation

(density = 7.345 1b/ft°).
7.1 TESTS PERFORMED ON PANELS COVERED WITH Y-370 AND INSULATION

Typical aircraft acoustic insulation consists of damping tape,
acoustic (or thermal) insulation, and interior trim. Hence, the
noise reduction values of these panels in the presence of a fiber-
glass blanket were investigated. Panels covered with both Y-370
damping tape and fiberglass insqlation were tested for the effect
of varying pressure differentials and noise source. Four pressure
differentials were examined (0, 1, 2, and 3 psi) under two types of
noise sources, white noise and discrete noise. Two panels were
tested for their noise reduction characteristics: a flat, stiffened
panel and a curved, stiffened panel. all of the tests were run on
these panels with 1002 of the exposed area covered by both the Y-370
damping tape and the fiberglass insulation. Results are presented
in the form of narrow-band and one-third octave plots in Appendix A
for the flat, stiffened panel and in Appendix B for the curved,

<=-¢
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stiffened panel. Test results for the light fiberglass insulation
combination are shown in Figures A.81 through A.88, and those for
the heavy insulation combination in Figures A.89 through A.96 for
the flat panels. The data corresponding with both treatments for
the curved panel are presented in Figures B.81 through B.88 and

B.89 through B.96.

7.2 FLAT PANEL RESULTS

Results of these teste for this treatment are given in Appendix
B (Figures B.81 through B.96). By comparing the similar graphs
for the differing noise sources, it was determined that there is
little difference between the two. It can be therefore concluded
that under the test conditions there is no difference between the

two sources.

7.2.1 Y-370 and Light Insulatiom

The flat panel was tested for its noise reduction characteristics
with 1002 of its exposed area covered by a layer of Y-370 damping
tape and a layer of light fiberglass insulation. The insulation
has a density of 0.817 1b/ft3. The insulation was loosely placed
over the Y-370 tape.

A cross plot of the effect of pressure differential on the
noise reduction characteristics of this panel is given in Figure 7.1.
This figure shows that for the flat panel, the noise reduction values
increase from 22 dB at O psi to 30.3 dB at 3 psi pressure differential.

Most of the increase occurs in the first 1 psi where the noise
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raduction value is 27.5 dB. The high frequency noise reduction
characteristics fall from 48.5 dB at 0 psi to 46 dB at ) psi pressure
differential along a straight line.

Figure 7.2 shows the effect of pressure differential on the
resonance frequency. The resonance frequency rises from 150.4 Hz
at 0 psi to approximately 180 Bz at 1 psi pressure differential.
From this point, the curve levels out to a final value of 190 Hz at
3 psi. The effect of increasing pressure differential is to increase
the resonance frequenc’ 2ud low frequency noise reduction while

decreasing the high frequency characteristics.

7.2.2 Y-370 and Beavy Insulation

The flat panel was tested for its noise reduction characteristics
with 100Z of its exposed area covered by a layer of Y-370 damping tape
and a layer of heavy fiberglass insulation. The insulation has a
density of 7.345 lb/ft3 and was loosely placed over the Y-370 tape.

Results of these tests for the flat panel are given in Appendix
A (Figures A.89 through A.96). A cross plot of these results is given
in Figure 7.3. This figure shows that the néise reduction rises
from 22 dB at O psi to 30 dB at 3 psi pressure diffetentiai. A big
increase is seen in the first 1 psi where the value is 27.7 dB.

The high frequency noise reduction characteristics are level throughout
the entire pressure differentials tested. This value is about 51.5 dB.

Figure 7.4 shows the effect of increasing pressure differential
on the resonance frequency. In this graph, the resonance frequency
starts at 150 Hz and swiftly increases to 130 Wz at 1 psi., The

resonance frequency levels out at 190 Hz at 3 psi pressure differential.
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Fiberglass insulation loosely placed on the panel does not alter

the low frequency noise reduction characteristics. A very slight
decrease in resonance frequency is noticed which is within the
experimental error. However, it becomes effective at high frequencies.
Of the two fiberglass samples tested, the low dengsity insulation
increases the noise reduction with 7 dB at 3000 Hz. Additiomal
increase in density does not increase the noise reduction in the

same proportion.
7.3 CURVED PANEL RESULTS

7.3.1 Y-370 and Light Insulation

Results of these tests are shown in Appendix B (Figures B.81
through Figure B.88). A cross plot of the results is given in
Figure 7.5. This cross plot shows the familiar increase in noise
reduction in the low frequency region, from 29 dB at 0 psi to 37
dB at 3 psi pressure differential. High frequency values remain
constant at 43.5 dB.

The resonance frequency increases from 190 Hz to a value of
240 Hz at 1 psi very rapidly, as shown in Figure 7.2. The resonance

frequency has a final value of 265 Hz at 3 psi pressure differential.

7.3.2 Y=370 and Heavy Insulation

Results of the tests for this treatment are given in Appendix B
(Figures B.89 through B.96). A cross plot of the results is given
in FPigure 7.6. This graph shows that the effect of increasing the

pressure differential is to increase the low frequency noise reduction
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values frcam 29 dB at 0 psi to 36.3 dB at 3 psi along a modest siope.
For a high frequency the noise reduction stays almost constant,
ranging from 48.5 dB to 47 dB baetween 0 and 3 psi pressure differ-
ential.

The resonance frequency increases from 202 Hz to 240 Hz very
rapidly between 0 and 1 psi pressure differential, as shown in
Figure 7.4. The increase is not so severe after this when it rises
to 265 Hz at 3 psi pressure differential. The effect of the pressure
differential is to raise the resonance frequincy and low frequency
noise reduction characteristics, and to reduce the high frequency
noise reduction values. Once again, as in the case of the flat
panel, the fiberglass insulation, when placed loosely on the panel,
has no effect at all on the noise reduction at low frequencies.

High frequency noise reduction increases from 38 dB to 43.5 dB
with a light insulation and 48.5 dB with a heavy insulation. The
resonance frequency decreases with a light insulation but increases
with a heavy insulation. The reason for this is not understood at

present.
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CHAPTER 8

DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS

After the testing it was discovered that all the tiscis with
ths {lat, stiffened panel, conducted at zero pressure differential,
had an unusual drop in noise reduction directly above the fundamental
panel resonance frequency. This drop in the noise reduction curve
around 155 Hz does not appear at higher pressure differentials or
in all the earlier tests with different types of panels (Reference 2).
A similar dip is also present in some of the curved panel tests, but
no consiscent relationship between these tests can be detected.
The absence of this particular drop at higher pressure differentials
does not necessarily mean that it does not exist at higher pressuri-~
zations. It can be hidden within the stiffening effect of the
depressurization. Despite an extensive checking of the equipment,
it was not possible to pinpoint the cause of this phenomenon.
Several possible reasons can be proposed, but a unique relationship
between them and this phenomenon cannot be demonstrated. A non-
uniform excitation of the panel caused by malfunctioning of 3 of the
9 loudspeakers has sometimes resulted in a similar result. In
another case a leak in the cavity between the speaker wall and the
test panel has caused an additiousl drop in noise reduction above
the fundamental resonance frequency. However, in later tests this
additional resonance disappeared and could not be repeated.
Add. -ional tests with differenr -rariables such as speaker output,
sealing, etc., did not result in a repeat of the phenomenon.
These tests did show that the trends in the noise reduction character-
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istics observed in all the flat panel tests did not change with
the disappearance of the additional drop in noise reduction.
Figure 8.1 shows a comparison between the original test data

and the data of a recent test for the same pa#§1. Noise reduction
values in the stiffness-controlled region are alnoét equal for
both tests up to the fundamental resomance frequency. In the
mass-controlled region the difference in the least-square-average
lines for both tests is minimal. Despite an unexplainable drop

in noise reduction around 155 Hz in all the flat panel tests
conducted at zero pressure differential and in some of the curved
panel tests, the trends observed and the conclusions based on them
are still valid. 1In general, the tests could be repeated within
1-2 dB accuracy, with the largest difference in the values of the
higher panel resonance frequencies.

In this report, experimental noise reduction characteristics
of flat and curved general aviation type structures are presented.
The effects of pressure differentials, damping tape, and noise
sources are described. Based on the experimental investigations,
it is concluded that the noise source has negligible effect on the
noise attenuation characteristics of the specimens under all con-
ditions tested. This is considered to be so, due to the normal
incidence of the panel in the Beranek tube and the very high sweep
time of the sweep oscillator. The effect of curvature on a bare
panel is to stiffen the panel, thereby increasing low frequency
noise reduction. The maximum increase in noise reduction occurs
in the first 1 psi pressure differential in all cases. The gain
in noise reduction for the curved panel is smaller compared to

that of the flat panel, since it is inherently stiffer. 1In the
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high frequency region the noise reduction decreases by 1-3 dB
due to pressurization. This result is consistent with published
theoretical results (Reference 4).

Even at room temperature, the effect of damping tapes on the
overall noise reduction is negligible away from the resomance
frequency. When the mass of the damping tapes constitutes a liarge
percentage of the mass of the specimen, as in the case of 1002
coverage, the effect is essentially to increase the noise reduction
in the high frequency region. The test results indicate that with
greater application of Y-370 material, the fundamental resonance
frequency decreases. This is due to the fact that only mass is
added, not stiffness (Chapter 4). With Y=436 and Y-434 materials,
which have comstraining layers, the resonance frequency shift is
negligible, indicating that the additional stiffness produced by
the constraining layer balances out the effect of added mass on
the resonance frequency (Chapters 5 and 6). The effect of per-
centage of coverage is to decrease low frequency noise reduction
and to increase noise reduction at high frequencies. Decreases
were very slight for all the pressure differentials tested.

Scatter of the noise reduction values at the fundamental
resonance frequency precludes any general conclusion about the
effect of percentage of coverage of the damping material. In
general, the resonance peaks and dips are reduced by the application
of damping material. The effect of fiberglass insulation materials
is to increase high frequency noise reduction. Fiberglass material
loosely placed over the test panel has no effect on low frequency

noise reduction (Chapter 7).
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The experimental investigations were carried out only at
normal incidence. It is recommended that the effect of angle of
incidence on the noise attenuation characteristics of these
specimens be investigated. More testing is also recommended to
find the composite loss factor of the test specimens. Studies are
also recommended to investigate why the additioms of light and
heavy sound absorption materials produce opposing effects on the

resonance frequency of panels with damping material,
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APPENDIX B

EXPERIMENTAL NOISE REDUCTION DATA FOR

CURVED STIFFENED PANEL
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Figure B.20: Noise Reduction Characteristics of a Curved, Stiffened Panel
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a Discrete Noise Source
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Figure B,22: Noise Reduction Characteristics of a Curved, Stiffenei Panel
at 1 psi Pressure Differential with Y-370 Damping Tape under
White Noise
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Noise Reduction Characteristics of a Curved, Stiffened Papel
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Figure B,55: Noise Reduction Characteristics of a Curved, Stiffened Panel
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White Noise
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7.345 1b/fc3 Insulation under a Discrete Noise Source
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Figure B.92: Noise Reduction Characteristics of a Curved,Stiffened Panel
at 3 psi Pressure Differential with Y-370 Damping Tipe and
7.345 1b/fc3 Insulation under a Discrete Noise source
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Figure B.93: Noise Reduction Characteristics of a Curved, Stiffened Panel

at 0 psi Peessure Differential with Y-370 Damping Tape and
7.345 1b/ft3 Insulation under White Noise
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Figure B.94: Noise Reduction Characteristics of a Curved, Stiffenad Panel

at 1 psi Pressure Differential with Y-370 Damping Tape and
7.345 1b/€t3 Insulation under White Noise
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Figure B.95: Noise Reduction Characteristics of a Curved, Stiffened Panel

at 2 psi Pressure Differential with Y-370 Damping Tape and
7,345 1b/£t3 Insulation under White Noise
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