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Studies have shown that interior noise levels in general
aviation aircraft are generally high and annoying. The airborne
noise transmission through aircraft sidewall is one of the important
source-~path combinations of the souﬁd transmission into an aircraft
cabin. This report describes the work completed for an ongoing
general aviation interior noise research project. A broad-based
approach--i.,e., laboratory investigation of sound transmission‘
through panels, use of modern data analysis technigues and
applicatioﬁ to actual aircraft--was used to determing methods éo
reduce general aviation interior noise.

The laboratory investigations were carried ocut in a low—cost
acoustic panel test facility. The experimental noise reduction
characteristics of stiffened flat and curved panels with damping
treatment are discussed. The experimental results of double-wall
panels used in the general aviation industry are given. The effects
of skin panel mate;ial, fiberglass insulation and trim panel
material on the noise reduction characteristics of double-wall

panels are investigated. These results are compared with the



theoretical predictions from classical sound transmission theory for
multilayered panels. fThe changes needed in the classiéal sognd
transﬁission theogy for a better agreement are discussed. It is
also shown that the same theory can sgccessfully be used to design
the interior noise control +treatment of a new aircraft.

‘The development of the acoustic intensity‘system for this test
facility is described. The use of cepstral analysis techniques to
determine the absorption coefficients of interior trim paznels in
situ is discussed., Also a computer program, which can be used to
. analyze the problem of high interior noise of the production
airoraft and té study the effectiveﬂess of the noise control
treatment, is given. The use of this program on aircraft noise
control has shown the validity of the models used., The results
indicate that with minor modifications the classical sound
transmission theory can be used not only to predict the panel scund
transmission loss characteristics but also to analyze actual noise

control treatment of an aircraft. .
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CHAPTER 1

INTRODUCTION

Studies (References 1-3) show that the levels of noise within
general aviation aircraft are high when compared to other medes of
transportation and in many cases result in annoyance and discomfort
for the pilot as well as the passengers. This is despite the use of
heavy acoustical treatments. The noise control treatment in
present-day general aviation aircraft is based on an after-the-fact
approach, Even though high interior noise level is uncomfbrtable
and annoying, it rarely affects the safety of the aircraft. For
this reason it does not receivg enough attention from the aircraft
.designers during the initial phases of the design of an aircraft,
only after a prototype is constructed and found to be noisy are the
membefs of acoustic and-vibration_groups ccnsulted. .However, there
is a growing awareness of thig problem, beth in the industry and in
research institutions. The noise sources in general aviation are
engine, propeller, auxiliar§ equipment and airflow over fuselage.
The noise paths include both structure-borne and airborne paths. In
particular, a significant NASA-sponscred research program is being
conducted in the area of structural transmission phenomena and
. prediction, The research program concerns itself with the
transmission of the airborne noise from the engines and propellers,
through aircraft sidewalls into the fuselage. In this area, three
major topics of experimental and theoretical analysis can be

identified:

-



1e Sound transmission through actual fuselage structure;
T2, Sound transmission through a cylindrical model;

3. sound transmission -through panel t&peﬂstfuctﬁ£é§.

It is the third topic that ig being investigated at the
University of Kansas Flicht Research Laboratory (XU-FRL), under a
grant from NASA, This ongeing program, titled "a Research Program to
Reduce the Interior Noise in Generai Aviation Airplanes," is funded
by NaASA Langley Research Center, through continuing Cooperative
Agreement NCCI-6. The work conducted by the KU-FRL, in addition to
contributing to NASA Langley's genéral aviation noise programsg, also
provides information that is more directly applicable to the-design
and modification of interior noise control treatment of‘genéral
aviation aircraft. The latter is the reason for general aviation
manufacturers to stimulate the KU-FRL research program with valuable
information as well as with test specimen. '

This research prograg started in April 1976 and has guaranteed
funding up to April 1985. This report presents the organization and
results of this program from June 1982 through &une‘1984. puring
this'period, the rese;rch progrm was concentrated in the following
asPécts of the interior noise problems of general aviation aircraft.

1. . Investigation of sound transmission through panel type

structures;

2. Development of new data analysis techniques for the test

facility;



3. Application of the results of this research program to

actual aircraft noise control.

The next chapte; describes the project history, the status of
the project at the beginning of this report period, the research
objectives, and the impac£ of this project.

Chapters 3-6 deal with the first aspect of the project, In
particular, the sound transmission characteristics of panels treated
with damping tapes are presented in Chapter 3. The effects of three
different damping tapes are analyzed. Chapter 4 describes the test
methods developed to measure the loss factors of panels installed at
this test facility. These values are needed for use in theoretical
prediction programs. Alsc discussed in this chapter are effects of
various parameters on the loss factors of panels installed in this
test facility. Chapters 5 and 6 deal with the sound transmission
characteristics of double-wall panels., Chapter 5 presents the
results of a systematic experimental investigation of double-wall
panels, Chapfer 6 describes the computer program developed to
calculate the noise reduction values of such panels, Analytical and
experimental results are also compared in this report.

Chapter 7 describes the design development and testing of the
acoustic intensity techniques at this facility. Wwith the
installation of this technigue, sound intensity radiation of panel
type structures can be studied., A method to measure the absorption
coefficients in situ based on the principle of deconvolution of

composite signals is presented in chapter 8.



The application of the results obtaiﬁed in Chapters 5 and 6 to
actual aircraft noise control design is described in Chapter 9. A
computer. program, based on the ‘conventional soﬁnd téansmission
éheory to troubleshoot high interior noise problems of individual
aircraft, is presented in Chapter 10.

Conclusions and recommendations based on this research project

are given in Chapter 11,



CHAPTER 2

PROJECT HISTCRY AND MANAGEMENT

2.1 PROJECT HISTORY

In April 1976, the request by the University of Kansas for a
grant to do r;search in the field of‘general aviation interior ﬂoise
was approved by the Noise Effect Branch of the NASA Langley Research
Center, The broad objective of this research program is expressed
by its title, "A Research Program to Reduce the Interior Noise of
General Aviation Airplanes.," fThe first year of this research
program was exploratory in nature. It was used to define a long-
range, follow-up research program in interior airplane noise.

During the latter part of the project vear 1976-77 and the first
part of the project year 1977—78! the design and construction of the
XU~FRL acoust;c tast facility was undertaken. During the second
project year onwards, the program objectives (Reference 3) remained
as follows: -

1, To determine the sound transmission loss characteristics
of various structural panels and panel treatments
(experimentally);

2. To compare test results with predictions from pertinent
analytical methods;

3. To -provide a systematic‘collection of sound attenuation
characteristics of panels based on both experimental and

analytical considerations;



4. Po use these results to extend or develop prediction
methods.

By the end of the second project year the following taské Qere

accomplished:

1. Design and construction of an acoustic test facility: A
description of the test facility is given in Appendix A of
this report. '

2. Design and construction: special test sections to measure
sound transmission loss characteristics at oblique angles
of incidence,

3. Determination of transmission loss data for single panels,

4. Empirical and theoretical insertion loss prédiction
methods,

During the next two éroject years {1978-79 and 1979-80), a
systematic stqdy was.undertaken to determine the parameters that
affect noise transmission through single-wall panels, The
éarameters studied inclqde mggs;‘thickness; stiffness; angles of
incidence; radius of curvature; riveted, bonded and clamped edge
conditions; and tensile stresg, During this peried, the'effect of
the cavity of the termination box of the test facility on the
measured sound transmission loss of the panels was also
investigated. A systematic study was also undertaken to investigate
the sound transmission loss characteristics of single—pané and dval-
pane plexiglass windows. During this investigation, use of Fflat,

depressurized, integral, dual-pane windows was also explored., The



results of these two years of study are presented in the Doctor of
Engineering Report (Reference 4),

During the years 1980-81 and 1981-82, the sound transmission
charcteristics of interior trim panels, multilayer panels and
composite panels were studied. Also investigated were the concepts
of Helmholtz reson;tors for dual-pane windows and tuned dampers for
structures (References 5 and 6). During this period, tegts wera
also performed on panels with damping tape.

The author, Ramasamy Navaneethan, started working on this
project in August 1979. The work performed between June 1980 and
June 1981 was used for his Master of Science thesis (reference 5).
He continued to work for his doctoral program on this project.
During 1981-~82, he familiarized himself with actual aircraft
interior noise problems and developed methods to apply the results
of this test facility to actual aircraft applications., He becane
the student project manager for this continuing WNASA project from
June 1982, This project report covers the pericd from June 1982 to
June 1984 and the relevant work on actual aircraft applications.

During the project years 1982-~83 and 1983-84, the following
additional objective was added to the primary objecti%es of the
project:

To develop new analysis techniques at the KU-FRI, acoustic
test Ffacility.

During this project period, the following tasks were proposed.



To investigate the effect of damping material on the sound
transmission loss characteristics of skin panels;

To inveétigété the démping characteristics of panels used
in general aviation aircrafﬁ;

To document the sound transmission loss characteristics of
double-wall panels;

To investigate the parameters which affect sound
transmission through double-wall panels;

To develop a simple, theoretical model which will predict
the sound transmission loss characteristics of double~wall
panels;

To develop a computer program to apply the results
obtained in 3 through 5 in the noise control treatment
design of an aircraft;

To develop a method for troubleshooting high interior
neise problems of existing production aircraft;

To develop procedilres to calculate sound transmission
values using acoustic intensity measurements;

To develop cepséral analysis techniques for the

measurement of absorption coefficients of nonstandard size

_panels,
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CHAPTER 3

NOISE REDUCTION CHARACTERISTICS OF SINGLE PANELS

- WITH DAMPING MATERIALS

3.1 INTRODUCTION

Experimental investigations have already b;en performed at the
KU~FRL acoustie test facility to determine the individual effects of
structural stiffening, curvature ané damping on‘the sound
transmission loss characteristics of panel-type structures used in
general aviation industry (Reference 4). But in practice, all three
of these factors occur together; i.e,, the aircraft skin is always
stiffened by stringers and frames, it is often pressurized to add
comfort for the passengers, and invariably some sort of damping
treatment is added. 1In this series of experimental_investigations,
thefsound transmissi?n characteristics of the panels containing
damping material were investicated,

Earlier studies (references 3 and 4) indicate that the use of
gtiffeners on paneis increageg the stiffness of the panel, which
increases the noise reduction in the stiffness-controlled region (or
low-frequency region}. Curving a panel increases the low-frequency
noise reduction if the curvature is low, because of the stiffening
effect of the curvature. However, when the curvature .is very high,
other effects such as oblique incidence become dominant, These
effects reduce the noise reductioﬁ, offsetting the effect of
stiffening., In the high-freqguency region, the effect of curvature

is to reduce the noise reduction. The effect of increasing damping
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of panels by means of additional damping treatment is to increase
the noise reduction at the fundamental resonance frequency and also-
to reduce the severity of the resonance peaks and dips in the ﬁigh—
frequency region, In this series of tests, the above results wert,a
kept in mind in choosing the test parameters éo e variéd. TWO
panels, representative of the actual aircraft panels, were used,
Three different types of damping treatment were investigated.

The KU-FRL acoustic test facility was used for these tests. It
consists of three main systems: testing apparatus, signal
generating and analyzing equipment, and depressurization system.
Figure 3,1 sh;ws the test facility. Figure 3.2 shows the test
facility configuration for flat panels., Figure 3.3 shows the
adapter required for a curved, stiffened panel, The data
acquisition system and noise generation equipment are illustrated in
Figure 3.4. Finally, the schematic diagram of the depressurization
subsystem is presented in Figure 3.5. The description and
characterigtics of the - test- facility are summarized in Appendix A.
In the following section the modifications done to the test
facility, the test panels, and the Qarameters tested will be
described, The results for each group of tests performed will also

be presented in the subsequent sections.
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3.2 MODIFICATIONS TO THE TEST FACILITY

These tests with the flat and curved panels with pressure

differential acrcss the test specimen demanded some modifications to

the test facility., These are described below.

3.2,1 DEPRESSURIZATION SYSTEM

As previously mentioned, testing wﬁé also doné with pressure
differential across the-test panel, A depressurization system had
already been used in the KU-FRL acoustic test facility (Reference
3). This system was reactivated for use in this phase. The
schematic diagram of the system is shown in Fiéure 3.5, The system
was recalibrated to determine the line losses, The system proved to
"be reliable and posed little problem during the tests, Pressure

differentials .up to 3 psi could be generated.

3.2.2 ADAPTER FCOR CURVED PANEL

Unlike the flat panel, which can be directly clamped to the
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 3.3 shows the adapter used and its
relative location in the test facility. This adapter was
cogstructed from 3/4 inch particle board and had the same outside
.dimensions as the standard test section. The adapter shifted the

centerline of the test specimen back to three inches from the noise
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source, as compared to the standard one inch for the flat panel. No
corrections were made for the additional cavity produced by this
adapter., However, the distance between the microphones was

maintained constant at eight inches.

3.3 DESCRIPTION OF THE TEST PANELS AND MATERIALS

3.3.1 FLAT PANEL

The flat panel, made from standard aluminum sheet, was
stiffened in one direction by "L" stringers. The sheet was 0.04
inches thick and 20 inches b& 20 inches in outside dimensions., The
extruded stiffeners were riveted to the skin., Figure 3.6 gives the

geometrical details of the panel,

3.3.,2 CURVED .PANEL

The curved aluminum panel was stiffened in two directions. fThe
sheet thickness was .04 incg. Tﬁe panel was curved in one direction
and stiffened in both directions, thus approximating a typical
general aviation type sidewall, The radius of the curvatuve of the
panel was 33.5 inches. This radius of curvature is representative
of the radius used in the éeneral aviation industry. The stiffeners
and the frames were riveted to the skin, The outside dimensions -
were 20 inches by 20 inches. The geometric details of the panel are

given in Figure 3.7.
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3.3.3 DAMPING TAPES

Three damping tapes were used in the investigations. They were
¥-370, ¥=-434, and Y;436, manufactured by the 3M COﬁpany. They
provided constrained layer damping. Y-434 has a 7.5-mil
constraining layer, and Y-436 has 17-mil constraining layer. ¥-370
is the commonly used damping tape in the general aviatio£
industry. These tapes were self adhesive; ahd, as a result,
application to .the test specimen was easy. The tapes were applied
in amounts of 30%, 60%, and 100% of the panel test area (18 inch by
18 inch). During tests with partial coverage, the application was
limited to the central part of the test panel., This was in
conformity with existing industry practices. The stringers and
frames were not treated with damping tape. All tests were done at
room temperature, as it was not possible to vary the temperature
within the acoustic test facility. The damping properties of these
materials will degrade when they are soaked in very low temperatures

that can be expected in cruise conditions. The results of the

present series should be considered in this context.

3.4 TEST RESULTS

Table 3.1 summarizes the variables considered in this series of
tests., At least one noise reduction test was conducted for each
.combination of variables considered. fThese variables were chosen
after consultation with the industry. As already explained, the

tests were conducted only at room temperature., Tests with the sweep
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Table 2,1: TList of Variables Considered

Panels:

a. Flat, stiffened aluminum, thickness = .040" (.85 kg
or 1.88 1b)

b. Curved, stiffened aluminum, thickness = ,040" (1.09
kg or 1.240 1h)

Noise Source:

a. Sine wave sweep oscillator
b. Random Noise Generator

Depressurization, AP:

a., O psi
b. 1 psi
C. 2 psi
d. 2,5 or 3 psi

Damping Material:

= ¥-370
C. ¥-436

Percentage of Covarage:

&. 0% (Bare panel)

b. 30%

Ce 60%

d. 100% (18" x 18" area)
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oscillator were carried out in two steps to improve the resolution
at low frequencies, In the first sweep, the frequency range from 20
to SO0 Hz was covered.  The effective bandwidth in this frequeécy
range was three Hz, In the second sweep the frequency range from
500 to 5000 Hz was covered, with an effective bandwidth of 15 Hz.

In both cases, the linear sweep time was 100 seconds. T@e analysis
of:tests with the random noise generator was also carried out with
the two frequency ranges (500 and 5000 Hz) for the same reason. The
random noise generator, however, produced a flat spectrum up to 20
kHz. PFrom the narrow band analysis, the one-third octave analysis
iz done by energy-summing the narrow band levels within each one-
third octave band. This was achieved thtough a computer program.
the results of the individual tests are published in Reference 7. A
typical output is given in Figure 3.8, The result obtained from‘the

test facility.is the noise reduction as a function of frequency. It

;s a continuous curve from 20 Hz to 500 Hz and from 500 Hz to 5000
Hz. In the subsequent sections, however, the effect of various
parameters on the result obtained will be discussed only at two
frequency values, one from the low-frequency region (stiffness-
controlled region) and the other from the high-freguency region
(mass—-controlled region), These results are repre;entative for
these regions.” Previous tests at this facility have also confirzmed

these- trends (References 4, 5, and 7).
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3.4.1 EFFECT OF NCISE SOURCE

The test results of both excitationg matched within the
experimenéal scatte£-(12 dB) in the low-frequency regicn. In the
high frequency region, due to the resonance peaks and dips, it was
not possible to identify the scatter for individual filter
locatipn: However, the least~square values of the results were
within tHe * 2dB. These results are consistent with the earlier
test results with the unstiffened panels, For all the cases
considered--i.e., stiffened and depressurized é;nels—-no significant

differences exist in the results between these two noise

excitations,

3.5 NOISE REDUCTION CHARACTERISTICS OF BARE FLAT AND CURVED PANELS

3.5.1 " FLAT PANEL

Before the application of damping treatment, the noise
reduction characteristics of the bare panels were investigated.
Earlier studies had indicated that depressurization increases the
low-frequency noise reduction by the stiffening effect (Reference
ﬁ). mhe purpose, in this case, was to study the extent of the gain
in noise reduction that can be obtained by a pressure differential
in an already stiffened structure. 1In all cases the pressure on the
source side was reduced to simulate the actual aircraft
conditions., Depressurization of up to three psi differentiai was

investigated. The effect of depressurization is easily seen by
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studying the variation at two selected frequency wvalues, 100 and
3000 uz. The frequency value of 100 Hz is within the stiffness-
controlled region, gnd 3000 Hz is in the mass-controlled region.

The effect of depressurization of the flat panel is similar to that
of the unstiffened panel (see Reference 4)., The maximum incré?se in
the noise reduction occurs in the Ffirst one psi, and after th;t the
effect is minimal (Figure 3.9). At 100 Hz, the noise reduction
increased froﬁ 17 48 to 28 4B for the first one psi and increased
only by three dB for the next two psi preséure differential.
Compared to the unstiffened panel (see Reference 4), these results
are not impressive. This is because the panel is already stiffened,
and hence the increase in stiffness is not proportionally high.

This can be seen from the resonance frequency. The depressurization
increases the stiffneéé without varying the mass, and hence the
resonance frequency should increase (Figure 3.10). In this case the
increase is from 120 Hz toc 230 Hz. As can be seen fram Figurs 3,10,
thig increase’in the resonance frequency directly translates into
higher noise reduction in the stiffness-controlled region. At 3000
Hz, there is a slight decrease in nolise reduction with increase in
pressure differential. This result is in variance with the earlier
results for the unstiffened panel (Reference 4}, where it was
reported that it remained the same, However, the present results

confirm the published theoretical results by Xoval (Reference 8),

which reported a decrease of up to three dB.
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3.5.2 CURVED PANEL

Earlier experimental investigationﬁon curved, unstiffened
panels (Refﬂrence.4)_indicates that the 10thréquency noise
reduction of the unstiffened, curved panel increases up to a certain
value and then decreases. Curving a panel stiffens the panel and
also changes the angle of incidche of the panel. Stiffening of the
panel increases low-£freguency noise reduction. The low-fregquency
noise reduction decreases when the angle of incidence is not
normal, The combination of these two effects determines the final
low-frequency noise reduction. During these tests, “the effect of
radius of curvature was not investigated. Only one radius (33.3
inches} was used.

The results of the tests with the curved panel confirm ?he
trend observed with the bare, flat panel. A plot of noise reduction
at 100 and 3000 Hz is given in Figqure 3,11 as a function of pressure
differential. BAs the panel is already stiffened, due to the
stiffeners as well as the curvature, the noise reduction at 100 Hz
" is higher compared to the flat panel tested: 30 dB as opposed to 17
dB for the flat panel, But the additional increase in noise
reduction due to pressurization was smaller, as can be seen from
Figure 3.11. This can be attributed to the initial high stiffness
of the panel. Without any damping treatment it can be concluded
that the increase in noise reduct;on due to pressurization is much

smaller in an already stiffened structure than in an unstiffened

structure. The same conclusions can be drawn from the measured
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. fundamental frequency of the banel, as shown in Figure 3.10. The
resonance freguency increases 220 Hz to 295 Hz for 2.5 psi pressure
differehtiéi; Once again the major increase occurs during the first
one psi pressure differential, 1In the mass-law (or high-frequency)
region, the decrease in noise reduction due to depressurization is
slightly more pronounced in the curved panel than in the -flat

panel. " This result is also in confbrmity with the theoretical

results published in Reference 8,

3.6 Y-370 DAMPING MATERIAL

3.6.1 FLAT PANEL

-,

The effect of ¥-370 damping material on the flat, stiffened
panel has beeﬁ discussed in Reference 5, ¥-370 was found to
decrease.the fundamental resonance freguency and the noise reduction
values in the stiffness-controlled region., But the noise reduction
at the resonance frequeﬁcy ;as higher., BAlso the effect of the
damping tape in the high frequency region'was'to smocth out the
peaks and dips in the noise reduction curve and also to increase the
noigse reduction due to the increased mass of the damping tape
(Reference 5). During the present tests, the effects of
. depressurization and partial application of the damping tape were
investigated, with the purpose of verifying those trends.

Phe effect of partial treatment of the damping material on the

noise reduction characteristics of the flat test panel are given in
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Figure 3.12., At low frequencies {(~100 Hz), the effect of partial
coverage on the neoise reduction characteristics of the flat panel is
negligible., Except for the initial 30% application, there is no
effe;t in the low fregquency noise reduction by the ¥-370 damping
treatment. Even the increase at 30% is noticed only at 0 psi.®
Hence, this is considered to be an experimental error. At other
pressure differentials, no géin is achieved in the sound
transmission loss of airborne noise excitation, with the appliction
of the damping tape, In the high frequency region (shown in Figure
3.12 for 3000 Hz), there is an increase in the noise reduction due
to the additional damping tape, This increase occurs at all the
pressure differentials tested, As observed in Reference 5, the

" increase is due to the increased mass of damping tape.

Th; effect of depressurization on the noise reduction
characteristics of panels treated with ¥-370 damping tape is shown
.in Figure 3.13 at 100 and 3000 Hz. The noise reduction values are
shown for three areas of tréétmeﬁt: 30%, 60%, and 100%. Alsc shown
in the same figure are the noise reduction values for panels without
any treatment, At 100 Hz, the effect of depressurization on the
noise reduction values of the treated panel is similar to that of
the untreated panel. The increase in noise reduction is more
proncunced during the first one psi than at any other time, At
higher pressure differentials, the effect of treatment is

negligible, In the high freguency region (Figure 3.13), the

untreated flat panel shows nearly constant noise reduction values at
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all pressure differentials, However, with the application of the
treatment, there is a slight decrease (2-3 dB) in the noise
reduction as the pressure"differential ig increased. These
decreases are of two to three dB.

The effect of depressurization on the fundamental resonance
frequency is given in Figure 3,14, In all areas of treatment
tested, the ;esonance frequency increases with an increése in
pressure differential. Thié increase is more pronounced when the

area of application is smaller. This effect can be attributed to

the increased mass of damping treatment.

3.6.2 CURVED PANEL

Tests similar to those described in section 3.6.1 were carried

out with the curved panel. The parameters were maintained nearly

the same to make one-to-one comparison between the flat aﬁd the
Eurved panel. 3s already explained, all tests were performed with
both swept and randem noise as excitation sources. The differences
between the results obtained from these two excitation sources were
still within the experimental accuracy of the test facility,

The trends of results obtained with the curved panel are
similar to the results obtained with the flat panel. The noise
reduction values as é function of the area of coverage are given in
Figure 3,15 for 100 and 3000 Hz. As the stiffness of the curved

panel ig already high, the low-frequency noise reduction is higher

than that of the flat panel, It remains constant up to 60%
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treatment and thereafter shows one to two dB decrease, In the high-
fregquency region at 3000 Hz there is a gradual increase in the noise
reduction as the area of application is increased. This increase is
similar to the one observed with the f£lat panel.

Figure 3.16 shows the noise reduction values as a function of
the pressure differential. The effect of pressurization -with the
¥Y-370 damping treatment is similar to that without the treatment.
with the curved panel the increase in low~frequency noise reduction
is smaller; i.e., 30 dB to 37 dB. In the high-freguency region, the
decrease in the noise reduction Valqes observed without the
treatment becomes less and less severe as the area of application is
increased,

The measured resonance frequency as a function of the pressure
ﬁifferential is shown in Figure 3,17. As with the flat panel,
pressurization stiffens the panelg and increases the resonance
frequency. For example, the fesonance increases from 195 Hz to 260
Hz when.the pressure differential increases from zero to three psi
with 100% treatment. However, at a given pressure differential,
increasing the area of application decreases the fundamental
resonance frequency. For exanple, at two psi the resonance
frequency decreases by 30 Hz from 285 Hz without the treatment to
255 with the treatment., This also confirms the exXperimental results
of Reference 5 where it was found that the ¥-370 material does not
increase the stiffness, Addition of mass alone decreases the

resonance frequency.
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3.7 Y¥Y-434 DAMPING MATERIAL

Y-434 damping tape has a seven-mil constraining aluminum
layer. But it does not contain the foam material presént in the ¥~
370 material. The purpose of these tests is to compare the soﬁnd
transmission loss characteistics of panels with this damping
material with those of ¥-370. Y-434 material is the ligﬁtest of the
three damping maferials tested. fhe parameters investigated were
the same as for damping tape Y-370: four pressure differentials (0,
1, 2, and 3 psi), two types of noise sources (white noise,uand swept

sine), and three different areas of coverage (30%, 60%, and 100%).

The results of these tests are also given in Reference 9.

3.7.1 FLAT PANEL

The’effecf of Y-434 material is very similar to that-of Y-370
material, Once again, because the difference in the results
obtainea with sweep oscillators and random noise generator were
negligible, the regults will be wvalid for both types of excitations.

The effect of partial treatment of the Y-434 damping material
on the noise reduction characteristics of the flat panel are given
in Figure 3.18, At low frequencies, the effect of the area of
treatment on the noise reduction is small, These results are
similar to the results with the Y-370 damping tape. In the high
frequency region, the increase due to the treatment is smaller

because the Y-434 material is lighter. The weight of Y-434 material

50



NOISE REDUCTION © DB

z
ORIGINAL PAGE
QF POOR QUALITY

5o 50
- 3000 HZ 3000 HZ
40 bk 40 w,
4 A . A B vy
30 r }30 o P n . h
100 HZ
20 F i
100 HZ 20
m?
10 b | '? )] 10 1 - ) . 1
0 25 5Q 75 100 ¢ 25 50 75 100
P8I = 0 . PSI = 4-
50 50
3000 HZ 3000 HZ

' 51
30 Br—u O— 4 30 p —H~ q
100 HZ
. 100 HzZ
20 P 20 p
10 ¥ h ] | ¥ I ]
e 25 50 75 100 10 o . 25 86 75 1G9
BSI = 2 PGS = 3

AREA OF COVERAGE ~ %

Figura 3.78: Effact of Coverage of ¥-434 Damping Tape on the
’ Noise Reducticon Charactristics of a Flat, Stiffened
Panel at Different Pressure Differentials

51



for 18" x 18" treatment is 0.2 lbs, while that of ¥-370 is 0.62
1bg. In this case the increase in‘mass is smaller; hence the-
increase in noise r;duction due to this effect is also smaller.

The effect of depressurization is given in Figure 3,19. If a
constraining layer is attached atop. the damping material, then
bending of the composite produces not only bending and extensional
strains in all three layers, but also shear, primarily of the middle
{damping} layer. The shear-strain energy storage tends to dominate
the damping action of constrained damping layers (Reference 9), The
action also increases the stiffness of the panel, - Because of this
increase in stiffnes, the noise reduction in the stiffness-
.controlled region is higher (}-2 dB) at zero psi. However, with .
increase in pressure differential, this increase vanishes. At Eigh
frequency, the results are very similar to ¥-370 material.

The cross plot. of tﬁe resonance freguency vs pressure —
differential is given in Fiéure 3.20, The resonance frequency in
_fact slightly increases at zero psi, indicating that the stiffness
effects of the tape are more predominant than the mass effects.

However, at three psi, the mass effects overshadow the stiffness

effects,

3.7.2 CURVED PANEL

Similar cross plots for curved panel with ¥-434 are given in
Figures 3.21-3.23. The results are very similar to ¥Y-370

treatments. The only noticeable difference is in the resonance
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frequehcy - vs—pressure—differsntialt (Figure 37237, wWith ¥-370" -
damping tape, the resonance frequency tends to flatten at high
pressure differential, while with Y-434 material the resonance:

frequency continues to increase even at three psi differential.

3.8 Y-436 DAMPING MATERIAL

¥-436 damping material has 17 mil constraiﬂing layer,
OtherWise it is similar to Y-434. The full application of Y-436
material weighed 0.4 lbs, as opposed to 0.62 1lb for ¥Y-370 and 0.2 1lb
for ¥-434., The parameters varied during this investigation were
essentially the same: four pressure differentials (0, 1, 2, and 3),
two types of noise sources, and three different coverages (30%, 60%,

and 100%).

3.8.,1 FLAT PANEL

The cross plots étJTOO-énd 3000 Hz are shown in Figures 3.24,
3.25, and 3.26. The trends of the curves are very similar to the
trends observed with the flat ‘panel with ¥-370 damping-tape.- In the
high frequency region, the increase in the noise reduction (Figure
3.24) is higher because of the higher mass of ¥Y-436 compared to
Y-434. The effect of pressurization on the high frequency noise
reduction on flat panels with Y-370 and ¥-434 is to decrease

slightly (Figurg 3,13 and 3.19). But with the Y-436 material this
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decrease is not observed (Figure 3.25). The resonance frequency
(Figure 3.26) behaves exactly like the resonance frequency with the

v=434 material (Figure 3.20}.

3.8.2 CURVED PANEL

Similar cross ploﬁs are given for a curved panel wirth ¥-436
material in Figures 3,27-3.29. Once again the results are similar,
except-that the increased stiffness due to 17 mil constraining layer
is more visible, Because of the increased stiffness, the noise
reduction does not decrease with the application of the treatment
(Figure 3.27). With the curved panel, the decrease with the
pressure differential is still high (see rigure 3.28). The
resonance frequency vs pressure differential is nearly similar to

that with the v-434 material,

3.9 DISCUSSION AND CONCLUSIONS

Reference 9 discusses the effect of damping material .on
infinite panels. With the infinite panels the damping tapes do not
have any effect below the coincidence frequency. In the KU-FRL
acoustic test facility the coincidencer frequency of aluminum panels
is well above 5000 Hz, This is because of the normal angles of
incidences. However, the studies (discussed in Reference 51)
indicate that the sound transmission of éinite panels is controlled

by the resonant transmission; i.e., by the various rescnance
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modes. The sound transmission at each mode is controlled by the
damping of the mode, In the KU-FRL acous?ic test facility the panel
size tested was 18" x 18", Hénce, this panel will have bkoth
longitudinal and circumferential (or lateral) resonance

frequencies., Earlier tests (References- 3 and 4) indicated that the
severity of the resonance peaks and dips are higher with -the
pressure differentials, Hence ;t was initially expected that the
effect of damping tape would be more than just the effects pf mass
and stiffness, However, results of all three damping tapes tend to

show that these panels behave more like infinite panels, for

airborne noise excitation.

]

In particular, based on the experimental investigations, it is
concluded that the noise gource has négligible effect on the néise
attenuation characteristics of the specimens under all conditions
tested. fhis is considered to be so, due to the normal incidehcé of
the panel in the Beranek tmbe 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 one 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 high—freéuenc§
region the noise reduction decreases by one to three dB due to
pressurization. This result is congistent with published

theoretical results (Reference 4).
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Even at room temperature, the effct of damping tapes on the
noise reduction is negligible at frequencies other than the
resonance frequenciesg. This is consistent with the classical mass
law predictions., When the mass of the damping tapes constitutes a
large percentage of the mass of the speéimen, as in the case of 100%
coverage, the effect is essentially to increase noise reduction in
the high freguency region. The test results indicate that with
greater application of Y-370 material, the fundamental resonance
frequency decreaseg. This is due to the fact that only mass--not
stiffness--is added., With 2;436 and y-434 materials which have
constraining layers, the rescnance frequency shift is negligible,
indicating that the additional stiffness produced by the
constraining layer balances out’ the ?ffect of added mass on the
regonance frequency. The effect of percentade of coverage is to
decrease low-frequency noise reduction and to increase noise
reduction ;t high frequencies. Decreases were very slight for all
the pressure differentials tested.

Scatter of the noise reduction values at the fundamental
regonance frequency precluées 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,
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CHAPTER 4

DETERMINATION OF LOSS FACTORS

4.1 INTRODUJCTION

This test program was conducted in the KU-FRL acoustic test
facility tg determine the damping of panels mounted in the Beranek
tubg. Damping is defined as energy dissipation of a structure as it
deforms and the conversion of ordered mechanical energy into thermal
energy. Unlike mass and stiffness, damping does not refer to a
unique. physical phenomenon; and that is the reason damping is very
difficult to predict in general. Damping mechanisms include
interface friction, acoustic radiation, magnetic hysteresis,
mechanical hysteresis (also called material damping), and any other
way of converting mechanical into thermgl energy. In practical
casés one or two mechanisms generally predominate (Reference 9),

For examplé, the material damping in aluminum alloy structures is
kn;ﬁn to contribute only a tiny proportion to the total damping
(Reference 10}. Likewise, magnetic hysteresis has a very small
effect.

The panel damping is an important factor for noise reduction at
the fundamental frequency and in the mass law region (higher
frequencies) depending on the particular mode; as a result, the
boundary conditions, of the panel play a significant role in the
damping of the installed panel (Reference 11). Since the damping

varies considerably with different installations, it is not readily
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predicted, For this reason, this evaluation of a technique for the
determination of the damping in panels in the KU-FRL acoustic test
facility was undertaken.

This chapter details the equipment and the method used to
obtain the required data and the technigues for reducing the data to
usable terms. Also described are the tests used to validate the
results obtained for the panels installed in this facility, and the

conclusions reached as a result of these tests are presented,

4.2 DEFINITION OF TERMS

There are many units and terms used for designating damping in
materials., Of these the loss coefficient, n (or loss factor, as it
is commeonly called) is often used in structural mechanics and will
be uged in this paper., Loss coefficient is a relative energy unit
defined as the ratio of damping energy to strain energy and ig

applicable to both liner and nonlinear materials.
Ng = Dg/20g {4.1),

where Dg is the damping energy dissipated in the total specimen

Ug ig the total elastic energy stored in the specimen.

The subscript s denotes that these values are specimen properties.

These properties are dependent on the specimen configuration, such
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as panel size and shape, as well as the material properties, This
subscéipt will be dropped subsequently with the understanding that
all values fo} n are'spécimen loss factors.

For purposes of comparison of results with those of other
invegtigators, the relations with several other common measures of
damping are> given below.

1. Quality factor, Q: Physically this is amplification at

fesonance.
Q = 2%70/D = 1/n (4.2).

2. Specific damping capacity, ¥:

Y =Db/U = 2mn - (4.3).

3. Damping ratic, r: Fraction of critical damping:

g = c/c, = n/2 (4.4);
C ig the visecous damping coefficient, 1bf—seé/in;
‘C

c is the critical damping coefficient, lbf-seg¢/in.

4, Logarithmic decrement, §:

§ = zn(xo/XT) = (4.5);

X

o the amplitude of the damped wave at point 0;

X, = the amplitude of the following wave after 1 cycle,
For further explanation of measures and nomenclature of damping, see

References 9 and 11,
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4.3 TECHNIQUES FOR DAMPING EVALUTION

Several methods have been used to determine the damping of a
specimen. Those that can be applied to a panel include bandwidth,
energy measurements, amplification factor, and decay rate.

For tﬁe bandwidth method a freguency sweep is made, and the
bandwidth is measured at a gpecified fraction of maximum
amplitude, Prébiems arise when modes are closely spaced, as is the
case with most panels for all but the first one or two modes,

The energy measurement method involves directly measuring the
energy iﬁput {amplitude and phase) and the specimen output
{(amplitude and phase) and using these to calculate the energy loss
directly. This requires more elaborate and expensive equipment.

Measugement of amplification factor is difficult to use for
absolute measurement of damping, since the reference level may ke
hard to find.

_ Decay rate or leogarithmic decrement tests are easy to do and
are widely used (References 9 and 15)., Here the excitation force is
turned off and the panel is allowed to vibraté freely with the
response, as measured by vibration pickup, recorded. The
logarithmic decrement, §, can then be ocobtained from this record
using the relation § = znfxofx1). The limitation on this method .is
the assumption that the decay curve is logarithmic. Physically this
means éhat § must be independent of amplitude (viscous damping}.
When this assumption is violated (the curve is not logarithmic}, a

logarithmic curve can be fitted to the decay curve and an equivalent
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value for 8 can be found. Because of the simplicity and reliability
of this method, the damping values were determined using the decay

rate tests.

4.4 EQUIPMENT

The eguipment set-up for the decay rate tests is shawn in
Figure 4,1. The panel di5placementqcan be measured by several
devices, including capacitance pickups or accelerometers. An
accelerometer was chosen over the capacitance pickup because of the
ease of installation and operation. Since the mass‘of the
accelercmeter is very small, the loading on the panel is
insignificant, as shown in the next section. The integrator on the

sound level meter {SLM) has a switch to select output of

acceleration, velocity, or displacement. The active filter was used

when the third octavé filter was out of service, A comparison test
run with each filter yielded the same results. For the first tests
the Techni-rite hot stylus recorder was used with a capability of
recording up to 125 Hz and 100 mm/sec. This was inadequate for the
modes above the first; so the Honeywell oscillogréph, with a
capability of recording up to 1000 Hz and 80 inches per second, was
used for all sebsequent tests. The sweep oscillator was chosen over
random noige generator because tests with the random noise generator
produced nonanalyzable results.

. A switch was installed in the wires between the amplifier and

the speakers, as shown in Figure 4,1. This single throw switch
)
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diverts the current to an 8Q to prevent damage to the amplifier when

the speakers are shut off for the decay tests..

4.5 TEST METHOD

The most important factor to consider in damping testing is to
test the specimen in a configuration which bears a close resemblance
to the application of the results, For this reason the damping will
be evaluated with the panel in the same installaticon used f£or the

noise reduction tests,

4.5.1 PANEL INSTALLED IN BERANEK TUEE

For the decay rate tests the apcelerometer was mounted on the
panel as described in Reference 12. FPor the first few tests the
accelerometers wefe mounted with the cement, but for later tests
bee's wax was used because of the ease of installation and
removal. The accele;ométeriéable was routed toward the top of the
panel and taped with electrical ingulation tape at three points to
minimize .triboelectric noise caused by vibration of the cable. The
panel was then placed in the Beranek tube (Pigure 4.2), and the
eight clamping bolts were torged to 25 in-1lb. At first, frequency
sweep was made from 20 Hz to 1000,Hz to locate the resonant peaks
for the panel, This freguency response was then stored on the
anélyzer and the output of the SLM was connected to the tape
recorder for signal amplification, The amplified signal was then

sent to the oscillograph.
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For the actual tests the first resonant peak was located on the
scope and the frequency read. This fregquency was then tuned on the
oscillator and minor'adjustments made to yield the maximum
acceleration as indicated on the SLM. This peak does not
necessarily correspond to the resonant frequency of a specific mode
but’ was very close. acceleration was used as output, since the
displacements were so small that the meter was operating at its
lower.limits for even the low frequencies and was registering mostly
noise at the higher frequencies. The gain on the recorder was then
adjusted to yield the widest signal available on the oscillograph
(approximately 3 inches, but this varied with frequency). The
speaker was then switched off to obtain a record of the signal
decay. The paper speed was then adjusted to give a decay of about
three inches for more accurate analysis and the test repeated until
three good decays were obtained. After the three decays were
recorded, the next peak (one which is not closely coupled or
overshadowed by another'peaﬁa was located; and. the preceding steps

were repeated for each subsequent peak up to .1000 Hz,

4.5.2 FREE PANEL TESTS

sevefal tests were performed on panels hung by a wire in front
of the speakers, ag shown in Figure 4.3, to minimize the effects of
support-related damping (see Reference 9). These tests were used to
check the validity of this decay test set-up by comparing the

results for the free panel with those obtained by other
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investigators and for comparison with the panel installed in fhe
tube to determine the support-related dampigg. The test procedure
femainedﬂunchangéd ekceptvthat the accelerometer was mounted on a
diagonal, as shown in Figure 4.4, since the middle of the panel is
the intersection of two nodal lines for the first and several other
modes, The cable from the accelerometer was routed to the nearest
nodal line and off the panel at the intersection of the nodal line
with the edge of the panel, Difficulties arose here at low
frequencies because the fundamental rescnance frequency for the free

‘panels was dgenerally <10 Hz, which is far below the freguency range

of the speaker set-up.

4,5,3 SPECIAL CONSIDERATIONS

1. - Mass Effect of Accelerometer: The effect of the
accelerometer mass on the natural frequency of the panel
was checked using natural frequency relations for a beam
with both ends supported and a central mass. These
relations of Reference 13 yielded a 0.7% decrease in the
natural frequency due to the accelerometer, for an
accelerometer mass of 2.7 gm and the mass of the lightest
‘panel at 298 gm, This is ceft;inly a negligible change.
The cable and tape will similarly have an even smaller’

effect due to their mass and alsé should not affect the

stiffness.
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Bffect of a Closed cavity: By placing the panel in a
closed cavity, the effect of the presgure within the
caﬁity could be significant, especially in the small space
between the panel and the speakers. This effect was
checked by recording the microphone signal simultaneocusly
with the accelerometer signal. The result; of these tests
showed that for some modes, there was a significant
effect. That is, for the worst case the microphone signal
decay rate was only two times faster than the parel decay
rate, For a viable damping test, the decay of the noise
source should be an order of magnitude greater than the
decay of the panel. The case presented here certainly

-
violates this rule, but this was the worst case. For most
panels, the microphone signal decay rate was significantly

greater,

4.6 DATA ANALYSIS °

Po ohtain the loss factor, n, from the decay curves, a workable

relation was first obtained as follows:

1 .
§ = ';-En(xo/xn) (4.6);

6 = the logarithmic decrement

X

Xn

n =

the amplitude of the damped wave at point O

the amplitude of the damped wave after n cycles

the pnumber of cycles,
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For consistent results Plunkett (Reference 14)

the number of cycles, n for the amplituds to

al

8 -% in(e)
e

or § =

=g

e
but n, = f*te
£ = the freguency of vibration

t =

o = the time to decay to xy/e

and te = de/s

d =

o the distance to decay to x,/e

s = the recording paper speed
with the resunlt that
§ = s/f*de)
or in terms of
n= S/(W*f*de)

4,6.1 CURVE FIT

suggested counting
decay to xo/e.

{(4.7),
(4-73);

(4.8),

(4.9),

{4.10);

(4.11)!

The following procedure was then used to measure de from the

decay curve:

1. Using a French curve (logarithmic) draw a curve to fit the
overall decay,

2. locate the first good peak and measure its height: This
is x.

3. Dbivide x; by the numerical value of e.

4, On the decaying curve find where the value of x is equal

to the result of step 3:
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5. - Measure the distance between point 0 and point e: This is
dge
A problem noted- with.the above procedure was‘thét variation of the
loss coefficient occurred depending on which par; of thé curve was
fitted. This was conly a problem with curves which deviated
sign£ficantly from the logarithmic decay, such as when mode
interaction was.gvident or when Coulomb type damping was present,

The variation introduced here was minimized by fitting the curve to

the entire decay rather than a minor portion of it.

4.,6.2 LINEAR REGRESSION CURVE FIT

This method involves digitizing the peaks of the decay curve
and fitting a curve through’ the points. Both a linear and a
logrithmic curve were fitted using linear regréssion for both., The
correlation coefficient for each curve is used as a measure of the
quality of the fit to indicate whether the damping is primarily
couiomb (indicated by a good linear fit) or viscous (indicated by a

good logarithmic fit).

4.6.3 COMPARISON

A comparison of the two data analysis methods was done to check
if there was any difference between the results, Three tests of a
0,032 inch thick aluminum panel were analyzed by both methods. The
results for the second method are consistently higher (by 8.7%) than,

those from the first method, but the overall trends for each method
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are nearly identical, The regression curve fit method would be
expected to be more accurate than the mechanical curve £it., Either
method predicts the overall trends of damping with the frequency;
and results f;om the first method can be corrected to match those of
‘the second method. One consideration is that the second methbd_
takes up a lot of analysis time and was not possible at high‘
frequencies due Fo masking of indi;idual peaks.

Y

4.7 RESULTS

TO check.tﬁe validity of this test set-up and panel
installation, several tests were run with panels of various
materials and configurations., Panels mounted to vibrate in the
free-free modes were used to check the basic test set-up and for
comparison with the installed panels éo see what effects this
installation has on the damping of the panels, various c<lamping
bolt torques were checked to approximate simply supported and
claﬁped boundaries, and a heavy steel frame was used for a closer
approximation of the clamped condition, The trends of damp;ng
variation with stress and frequency were measured and compared with
results of other investigators. The effects of variocus stiffened,
riveted, and bonded panel configurations were checked for
compérison. Finally, the effect of damping materials and composite
material panels were measured. A list of the tests is given in

Table 4.1.
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Test #

-

[ o B o B AT ) B U R o

Table

0.020
0.020
0.020
0.032
0,025
0 032
0.025
0.016
0.016
0.020
0.020
0.020
0.025
0.032
0.032
0.032
0.032
0.025
0.032

2 x 0.

4.1

al,

al,

Al,
016

Damping Test Log

Test Description

Free Panel

Free, Stress effect

Free

Free

Free, Active and 1/3 octave filter
Free, 100% Y-370

Stiffened (Channel & Z), Free
15" x 15", Bonded

15" x 15", Bolted edge strip
15" x 15", Bonded

15" x 15", Riveted

new recorder set-up

-Standard

Standard

Effect of foam contact

Test w/o foam over speakers

2 in. wide clamping frame
Stiffened (Channel & Z) crossed
100 % ¥-370

Al, Bonded with IC-998

0-0-0, Graphite/epoxy

45-0-45, Graphite/epoxy

0.032
0.032
0,032

al,
Al,
al,

Standard
Standard
Standard

. 45-0Y-45, Graphite/epoxy

0-45-0', Graphite/epoxy

0-0-0, Kevlar/epoxy

45-0~45, Xevlar/epoxy

0-45-0, Xevlar/epoxy
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4.7.1 FREE PANEL

The results from the free hanging panel tests on the bare
aluminum panels of tiickness 0.520 to 0.032 incﬁ show that the l;ss
factor at the lowest obtainable frequency was 0.002 to 0.004. This
compares rather well with the loss factors from Heckl (Reference 15}
for a free hanging bare panel of 0.0022. Large variations occurred -
for some frequencies, These were likely caused by the panel
vibrating in a mode which caused the clip to vibrate, thus

dissipating more energy and resulting in an increase in the measured

damping,

4.7.2 INSTALLED PANEL

To show the effect of the boundary conditicns in the tube on’
the damping, a plot of the damping results for a 0.032 inch panel is
shown in Figure 4.5 for both types of mounting. 1In addition, a plot
for a 0,032 inch panel with-a 2 inch wide by 0.25 inch thick steel
clamping frame is shown, The figure shows that the installation has
increased the damping of the panel by more than an order of
magnitude. This same effect was also cbserved with the 0,020 and
0.025.inch thick aluminum panels., Comparison of the loss factors
for the installed panel and the clampea panel shows that at the
first two modes the fregquencies and loss factors are in fair
agreement. However, above thig the installed panel damping is
higher than for the clamped panel; and the frequencies are

altered., This indicates that the boundary conditions for the
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installed panel approximate those for clamped panel for the lower
modes., This was not the case at higher frequencies. Purther tests
should be done to check how well these boundary conditions
approximate simply supported conditions., The loss factors for the
clamped panel approach those for the free panel, as they should for
the ideal case of no dissipation at the bou;daries.

T Repeatability of Runs: The consistency of the test method
and the data reduction methcod can be checked by
calculating the standard deviation in the results for
several successive runs at each frequency. This was done
for tests #23 and #24 with the 0.032 inch panel, with
results shown in Table 4.2, The results of 4.9% and 3.7%
for the average percentage standard deviation indicate
that the loss factor for a given installation is within
4-5% of that measured.

2. Clamping Torque: The effect of the c¢lamping bqlt torque
on the loss factor’ was measured for a 0.020 inch panel,
with the results shown in Figqure 4.6. The clamping
torques were varied from 20 £n~1h to 50 in-1b. Also shown
are the results of tests with the clamping frame., The
change in loss factor is negligible, as it should be. The
only factor affecting this is the decreased amplitude due
to the increased élamping on the panel causing a decrease
in air damping, but this is compenséted by the increase in

stiffness of the “compliant" boundaries.
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Table 4.2: Percentage Standard Deviation for Tests #23 and #24

Test #23 Test #24
£ a/x (%), £ a/% (%) :
116 0.1 112 4,9
178 1 o4 177 2.7
289 5.8 281 6.0
502 15.1 498 51
572 5.8 564 1.5
689 4.6 680 2.2
792 1.6 785 2.1
Average 4.9% 3.7%

3. Successive Instaliations: Three tests were run on a
standard 0.032 inch panel on different days to check the
variations introduced due to the panel mounting .
technique. The results are shown in Pigure 4.7. For the
fréquencies of 100 to 500 Hz, the variations a;;A;éry
small; but for the first mode -and at the higher
frequeﬁcies {<500 Hz), the variations were fairly large,
For the fundamental mode this variation can be attributed
to the fact that the logarithmic curves did not £it the
decay curves very well. The liner correlation factor was
0.99, while the logarithmic correlation factor was 0.95,
indicating that the damping present wés‘primarily
Coulomb. At the higher frequencies this variation is

possibly due to the alteraticn of the closely spaced

higher modes upon each successive installation. Test #24
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represents an average of the three, so this test will be

used for comparison purposes in the followlng section.

4.7.3 EFFECT OF STIFFENERS

To test the effect of stiffeners, a 0.025 inch aluminum panel
with a channel stiffener and a "z" stiffener crossed in the middle
was tested, both free and mounted in the tube,

1. Free: A comparison of the loss factors for a stiffened
plate with those of a bare plate as plotted in Figure 4.8
shows that at low frequencies there is no effect. At
higher frequencies there is a noticeable increase in the
damping., This increasing loss factor contribution with
frequency agrees with the investigations by Ungar and
Carbonell (Reference 16) and by Heckl (Reference 15), wﬁo
sho# that this effect is caused by air pumping at the
joints.

2. Installed: F;r tﬁe panels mounted in-the tube, the

results are shown in Figure 4.9, Here the effect of the

stiffeners is masked by the effect of the boundary

conditions,

4.7.4 EFFECT OF DAMPING MATERIAL

For the evaluation of the testing of damping materials, two
damped panels were tested. The effect of damping material on the

noise reduction characteristics were discussed in Chapter 3. The
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first panel was a 20 x 20 x 0,032 inch aluminum panel with Y-370

damping material over an 18 x 18 inch area of the panel. The second

panel consisted of a 20 x 20 x 0,016 inch aluminum panel with a 17.6

X 17.6 x 0.016 inch aluminum panel bonded to this with I1C-998

viscoelastic adhesive. The first panel was tested for both free and

installed mounting, while the second was tested only for the

installed conditipn.

1s

Free: As shown in Figure 4,10, the damping material had a
definite effect on the loss factor with a An of about

0.075, This increase by more than order of magnitude

corresponds well with the results of Crandall (Reference

17) for a free-free beam.

Installed: Figure 4.11 shows the results for the two
damped panels mounted in the tube, comparing them with the
results for the bare panel. The overall effect is sean to
be an increase in damping at the higher frequencies and
not much effect at’ the -lowest frequency. The two
materials seem to behave the same over the entire range.
The An is about the same for the frequency range 500-1000

Hz as it was for the free panels,

4.7.5 COMPOSITE PAMELS

Graphite/epoxy and Xevlar panels of various ply orientations

were tested in the installed conditions with loss factor results as

shown in Figure 4.12 and 4,13. There are no particular ply
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orientations® that stand out as having much better damping than the
others for either the graphite or the Kevlar panels. The scatter
for the Kevlar panels is larger than for the graphite composites,
possibly due to manufacturing tolerances; but the average damping
and the decrease with fregquency are very ciése. These panels show
approximately a 30% increase in damping (4n = .03) over the aluminum
panel of comparable thickness (0.032) at the lowest frequency and .
none at the higher frequencies., The effects of ply orientations
here are partially masked by the boundary losses, The scatter in
the data here is mainly due to the many factors which affect the
damping of composite panels in addition to the Ereviously mentioned
effects of this installation on aluminum panels., One of these

factors is the fiber volume fraction of the composite (References 18

and 19) which is unknown for these panels.

4.8 CONCLUSIONS 2ND RECOMMENDATIONS

-~

The decay rate tests worked very well with the existing
equipment at the KU-FRL acoustic tgst facility., The testing method
uged here produced results which were consistent within 5% for each
installation, which is wvery good for this type of installation.

Both methods of data analysis produced comparably consistent results
over a wide frequency range, with a difference of leés than 10%
bétween the two.

Tests conducted on panels suspended by wire at the nodal point

verified the basic equipment set-up and test procedure and provided
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a comparison with the results for the instaliéd panels, showing the
contribution of the boundary conditions to the overall damping of
the panel. ‘The-torque on the clamping bolts showed no effect on the
damping. vVvariations in the experimental damping for successive
installations were within 10% for lower frequenciés but varied
congiderably for the higher frequencies. There was a 50% decrease
in the effect of stress as a result of the panel installation. The
effects of the panel ingtallation tended to mask the increased
damping due to stiffeners, damping material, and composite
materials; but their effects were still generally noticeable,

As a result of this series of checks, the damping test
procedure as describeé here can be used to obtain loss factors
accourate to within 10% for frequencies up to about 500 Hz. as panels
installed in the acoustic test facility, For the fundamental
frequency and for higher frequencies, cafe mist be taken in using
these results. For general use, these loss factors can be obtained
by averaging the results for several successive installations. When
more specific results are required, it is suggested Fhaé the decay
tests and the noise reduction tests be done successively withount
removing the panel., It is recommended that the effects of acoustic
radiation on the panel damping be analyzed theoretically and/or
experimentally. Also panels should be tested in a device which
approximates a simply supported boundary conditions to check how
closely the regular panel installation approximates the simply

supported boundary conditions,
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CHAPTER 5

NOISE REDUCTION CHARACTERISTICS OF DOUBLE-WALL PANTELS

5.1 INTRODUCTION

The double-wall panels are made up of two panels (one
representative of the skin and the other of the trim) seéarated
either by an zirgap or hy a fiberglass thermal insulation
material., In industry this configuration is widely used. The skin
panel normally is designed for the structural integrity of the
airplane, The interior trim panel is used for decorative
purposes, Typically, inexpenéive, light-weight trim materials are
used in commercially oriented, general aviation airplanes;' but more
luxurious materials such as carpet, leatber, etc,, are used in
business and executive type aircraft. In pressurized aircraft and
in airecraft fiying at high altitudes, fiberglass insulation is used
to provide thermal insulation., The objective of thisg investigation
is to study the sound a£ten;ation characteristics of such panels and
to use them as a part of the treatment to reduce externally
generated noise. In this investigation both aluminum and fiber-
reinforced materials were used as the skin materials. The trim
panels investigated are the ones used in the industry. Beech
Aircraft Corporation and Cessna Aircraft Company (Wallace Division)
provided the test specimens. The details of the panel and the

configurations tested are described in Section 5.2. The results of

the experimental investigation are presented in Chapter 5.3.
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5.2 DESCRIPTION OF THE TEST FACILITY AND TEST PANELS

5.2.1 DESCRIPTION OF THE ACOUSTIC TEST FACILITY

The XU~-FRL acoustic test facility was used in this
investigation. A detailed description of this test facility and its
characte;istics is givén in References 20 and 21. Salient features
are excerpted from these reports and presented in Appendix A. 1In
the same appendix the limitations of the facility are also
described. All the panels tested Qere 20 inches by 20 inches with
18-inch-by-18-inch exposed area. The te§ts‘were conducted under
normal incidence at.room temperature. Three adapter tubes were
added to accpmmodate the three panel depths tested. This was thg
only modification to the test facility, A diagram of the facility
with the adapters is’shown in Pigure 5.,1. The.output from the test
facility is in the fprm of noise reduction curves plctted as a-
function of'frequency. The noise reduction across a structure is

-

defined as

NR = 10 Loglps/pr[2 (5.1}
where NR = Noise reduction {(dn)

Pg = Measured pressure on the source side (pa)

p, = Pressure on the receiver side-(Pa).
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5.2.2 DESCRIPTION OF THE TEST PANELS

The double-~wall test specimens were made -of skin, airgap or
fiberglass insulatioﬁ, and a trim panel. Figure 5.2 shows a typical
double-~wall configuration tested. Three types of skin panels were
used in the investigation. Tﬁe first type was .032" aluminum
panel, This panel was stiffened with a single extruded "t section
stiffener, riveted down the center, This stiffener divided the
panel into two equal-area bays (sge 3igure 5.2a). Three test panels
of this type were used. These three panels wvary only in the depth
of the edge members riveted to the edge of the skin panel., This
permits the installation of the: panel depth of one, two, and three
inches, The second type of skin panel was made of ,029" thick
graphite-epoxy. Each of the three layers of the panel was made of a
woven cloth material with the two main directions of the Ffibers
perpendicular to each other. The ply orientation for the three
layers is 45°-0°-45°., Only one panel of this type was used in the
present investigation. This particular panel had two "hat"
stiffeners {see Figure 5.2c). The mechanical properties of this
panel are given in Reference 6., The third type of skin panel used
was made of ,029" thick Kevlar* material. Once again it had three
layers of equal thickness with ply orientation 45°-0°-45°, Two
panels of this type were used: one with one "hat" stiffener, and

the other with two "hat" stiffeners. Refer to Table 5.1 for further

*Made by DuPont Corporation
Y P
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information.

studied using these panels.

Table 5.1:

The effects of the material and stiffeners were

Skin Panels Tested at the
KU-FRL Acoustic Test Facilty

Number of Thick~
Panel Material Depth stiffeners ness Weight*
(in.) (in.) {1b.)
Group 1
353 2024-73 Aluminum 3 1 0.032 1.53
357 2024~73 Aluminum 2 1 - 0.032 1.53
358 2024-73 Aluminum 1 1 0,032 1.55
Group 2*%*
339 Kevlar 31 0.029 0.70
340 Kevlar 32 0,029 0.85
335 Graphite-Epoxy 3 2 0.029 0.90

.

*gkin and stiffener weight only

**all composite panels have three layers of the same thickness.
Ply orientation is 45°-0°-45°,

108



The insulation used was loose fiberglass material with a
density of 0.7 lb/cubic ft, or 11 kg/m3. This material came

enclosed in very thin vinyl bags and thicknesses of 3, 2, and 1

inch.

The trim panels tested were the typical trim panels beiné used
or being proposed to be used in the general aviation aircraft. The
trim panels were constructed of lightweight base materials such as
closed-cell polyvinyl chloride foam, aluminum, and fiberglass. The
foam panels were usually coated with a protective sheathing to give
the foam damage tolerance. Over the base material some btype of
decorative material {called hereaféer "trim panel treatment"™), such
as leather, simulated leather, upholstery fabric, carpet, etc., is
usually applied. The trim panels tested have been divided into
three groups, depending on their base material, Group 1 have a
Klegecell base, while Group 2 have a Rohacell base., The panels in
these groups vary in the thickness of their base material and in
their trim panel treatment, - Group 3 panels have miscellaneous base
material such as compressed fiberglass, 45% open-pore aluminum, and
Lexan., These panels and thelr relevant characteristics are
described in Table 5.2.

The skin panel and the trim panel were attached by means of the
channel section members (see Fiéure 5.2). The channel section was
riveted along the edges to the aluminum skin. In the case of
composite skin panels, they were epoxied. Two types of attachment

of the trim panel to this channel section were investigated, In the
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Table 5,2: Trim Panels Tested at the KU-FRL

Acoustic Test Facility

Trim Panel

Area Density

0.2" carpet

110

Panel Material and Treatment {1b/£t2)
Group 1
317 0.125" Klege-Cell type 75 with 1 layer 0.128
type A fiberglass both sides
315 0.25" Klege-Cell type 75 with 1 layer 0.168
type A fiberglass both sides
i
318 Same as #317 but with 0.020" Royalite 0.258
covering
Group 2
34 0.125" Rohacell grade 51 with 1 layer 0.134
120 phenolic pre-preq skin both sides
323 0,25" Rohacell grade 51 with 1 layer 0.180
120 phenolic pre-preg skin both sides
347 Same as #323 but with 2 layers 120 0.301
phenolic pre-preg skin both sides
342 Same as #341 but with 0.020" Royalite 0.279
covering
343 Same as #341 but with 0.5" carpet 0.674
344 Same as #3471 but with 0.25" neoprene 0,432
"+ leather covering
325 Same as #323 but with 0.125" neoprene 0.428
+ wool covering
Group 3
312 45% open 0,025" Aluminum with 0.,5" 0.472
' .foam + leather covering
314 0,090" Lexan 0,596
352 0.187" compressed fiberglass with 0.450



first case, the trim panel was screwed to the flange by means of
eight serews. Most of the tests were carried out in this
configuration, The effect of "floating" the trim panel was
investigated by using a pressure-sensitive, double-sided adhesive
tape. The flange of the channel section was 1" all arocund; hence,

it was not exposed to the direct sound pressure field.
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5,3 EXPERIMENTAL INVESTIGATION

P

5.3.1 INTRODUCTION

The noise reduction tests of the double-wall structures were
conducted at the KU-FRL acoustic test facility. Various trim and
skin panel combinations were investigated. For each-skiq and trim
panel configuration, the effect of the fiberglass insulation was
also tested. The noise reduction curve as- a function of frequency
was obtained by slowly sweeping the fregquency, measuring the source
and the receiver microphone levels, and subtracting the receiver
microphone level from the source microphone level at each
‘frequency. This was done in two stages: first from 20 Hz to 500
Hz, and then from 500 Hz to 5000 Hz., In the first case the analysis
bandwidth was 2 Hz (effective bandwidth 3 Hz), and in the second
case it was 10 Hz (effective bandwidth 15 Hz). This was done to get
narrow bandwidth at low frequencies as well as to cover a broader
frequency range. The gains-of output signals could also be changed
between these two freguency ranges., All tests were performed at
normal angle of incidence and at room temperature and pressure,
There was no presgssure differential hetween the source and the
receiver side,

Most of the tests were done at least twice to ensure
repeatability. The repeatability of the tests was generally good,
the results agreeing within 1-2 4B in the low-frequency region. In

the high—frequency region the least square lines agreed within 2-4
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dB., The noise reduction curves for all the tests are presented in
Reference 22,

A typical noise.reduction curve of a double-wall structure is
shown in Figure 5.3, taken from Reference 22. It can be divided
into three parts. 1In the very low frequency the noise reduction is
a function of the stiffness of the skin and the trim panel. This
region can he called the‘stiffness-controlled region. In the second
frequeﬁcy region, varying anywhere from 50 to 600 Hz, two resonance
dips dominate the noise reduction. The first one normally
corresponds to either the skin or the trim panel fundamental
resonance frequency., For the panels tested, resonance frequencies
of trim and skin panels are so close that it is not possible to
separate them. The second major resonance corresponds to the panel-
air—-panel described in Reference 9. 1In the high fregquency region
(above 600 Hz) the narrow-band analysis (analysis bandwidth 10 Hz)
indicates a multitude of resonances, resulting in dips and peaks in
the ncise reduction curve. -These resonances are due to the higher
order skin and trim panei modes, double~wall modes, and the cavity
modes of the test facility itself. 1In order to study the trends in
this frequency region, a least~square line approximation is used.
Previous studies at this facility have indicated that the slope of
the least;square lines of simple panels corresponds to the
caleulated mass law slope (i.e., 6 dBR/octave). 1In general, for the
double-wali:structure, the slope of the least meanw-square line lies

anywhere between .6 dB/octave (predicted by mass law for single
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panels) and 12 dB/octave (predicted by classical transmission theory
for double-wall structures; see Reference 9). The effects of

< .
various parameters on the noise reduction values will now be studied

at selected frequencies. These freguencies cover the three
frequency regions described above. In the high-frequency region
only the least-sguare line will be used. The choice of these
frequencies is rather arbitrary and at times can be misleading
because. of the wide variations in the characteristics of the panels
tested. For a complete review, the original noise reduction curves
in Reference 22 sﬁbuld be consulted.

Scme of these double-wall panels tested showed very high noise
reduction values in the high frequency region. This posed some
probleﬁs in the measurement of the receiver m?crophone sound
pressure levels., ‘At the KU-FRL acoustic test facility the panels
could be excited either by a random noise signal or by a slowly-
swept sine wave signal, Previous measurements at this facility had
shown that the differences in the noise reduction characteristics
due to either type of excitation were small, when analyzed through a
narrow band analyzer, Because of this, the latter type of
excitation was chosen for this series of tests to improve the
accuracy in the measurement of receiver microphone signals. With
slowly swept sine waves it is possible to concentrate the sound
energy over a very small frequency range:' Thig produced a source

sound pressure level of 110-120 dB at these freguencies., Hence the

receiver microphone signal was correspondingly higher. Even with
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this type of excitation the problem was not completely solved, The
signal to (ambient) noise ratio was still low in many cases. In
addition, -during Wany tests the change in the signal strength within
a frequency sweep exceeded the dynamic range of the instrumentation
used. As described above, the noise reduction characteristics were
investigated by dividing the analysis in two frequency ranges: a)
20-500 Hz with 2 Hz nominal bandwidth, and b) 500-5000 Hz with 10 Hz
ncminal bandwidth. The dynamic range of the spectrum analyzer used
{Spectral Dynamnics Model 335) was 60 dB, Hence the maximum change
in the receiver microphone level that could be measured iﬁ either of
the two passes was only 60 dB. This did not pose any problem either
dufing the low-frequency sweep or with panels exhibiting lower high-
frequency noise reduction. Howeﬁer, this was not enough for panels
with noise reduction higher than 80 &B in the high~£frequency

region, In such cases the receiver microphone level wés near the
maximuﬁ level of the analyzer at 500 Hz and was below the minimum
level above 3000 Hz., Hence true signal level could not be foun& at
some frequencies above 3000 Hz. The only way this problem could
have been overcome was to further subdivide.the frequency range,

But as mentioned above, the signal levels were sé low that further
amplification did not improve the results very much, due to
deter;orating signal-to-noise ratio., This dynamic range limitation
produced scatter in the data when the noise reduction values were
higher than 80 dB., Even though this appears to be a serious

limitation, it is not so. This phenomenon also cccurs in aircraft
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interior noise measurements, At very high transmission loss values
of the fuselage sidewall, the ambient noise level inside the
aircraft may be higher than the level transmitted from the
gidewall, Under these conditions it may not be worthwhiie to have
higher noise reduction for the fuselage sidewall, Also, more |
importantly, the noise level &nside tle aircraft is normally
dominated by the low frequency noise. Hence, the overall inside
aircraft is determined by the low-frequency noise level. The
contribution of the sound pressure level at these high freguencies
(>3000 Hz) to the sverall noise level will be negligible. 1In
practice, if the sound pressure level at any frequency range is
below 20 4B of the highest band level, then it may safely be
neglected without affecting the overall sound pressu;e level, Hence
a dynamic range of 60 dB is more tﬁan adequate to predict the

interior levels accurately. Hence, no further attempt was made to

increase the dynamic range of the instrumentation used in the test

facility.

5.3.2 FEFFECT OF SKIN PANEL

The effect of skin panels was investigated using four different
types of panels. They were the following:

a. .032% aluminum panel with one "P" stiffener (panel 353)

b. .029" thick, 3-ply (45°-0°-45°) graphite-epoxy laminate

with two hat stiffeners (panel 335)
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‘¢, .029" thick, 3-ply (45°-0°-45°) Kevlar panel with one hat
stiffener {panel 339)

d.,  .029" thick, 3-ply (45°-0°-45°) Kevlar panel withbfwo ﬁat
stiffeners (panel 340).

The parameters investigated with these panels are the effects
oé the panel materiai and stiffeners. The noise reduction values of
these four panels are compared under similar configurations in
Figures 5.4 through 5.11. These figures show the noise reduction
values at four selected frequencies: two in the low-freqguency
region {40 and 100 Hz) and two in the high-frequency region (1000
and 3000 Hz). The noise reduction vﬁlues at.300 and 500 Hz are not
plotted, as they fall in the resonance frequency region. Because
the panels are so different in their characteristics, the X-axes %n

these figures.are panel numbers and do not represent any

contimuously varying parameters. Hence these figures are

essentially bar charts with valyes at four fregquencies. The
iﬁfluenée of the skin panels is plotted for trim panels 312, 314,
315, 318, 425, 342, 344, and 352. Fér each trim panel two figures
are given: one with the fiberglass insulation between the skin and
the trim panel, and the other without (i.e., air gap). In all cases
the depth of the double wall was maintained at three inches,

The effect of the skin panel material can be studied by
comparing the noise reduction values of panels 335 (graphite-epoxy},
340 (Kevlar), and 353 (aluminum). There is a slight difference in

their thickness: both Kevlar and graphite~epoxy panels are 029"
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thick, and the aluminum panel is .032" thick. The mass and the
stiffness are the major variables, The weights of these individuai
panels are .9 lb (graphite-epoxy panel 335), .85 1lb (Kevlar panel
340), and. 1,35 1b (alumin;m panel 353).- Kevlar panel 339, which has
one stiffener, weighs .7 1b. At low freguencies the noise reduction
of double-wall panels is a function of the stiffness of the sgkin and
the trim panel., In these figures, the trim panel has been kept the
same for each plot. Hence the noise reduction at 40 Hz in each plot
is a function only of the stiffness of the skin panel being
studied., However, tﬁe stiffness of the skin panel is a function not
only of the material properties but also of the pumber and the type
‘of the stiffeners used., The aluminum and the composite:panels had
different types of stiffeners. In the case of aluminum it was an
extr;ded-“T“ section. For composite panels it was a hat section.
This precludes any conclusions about the relative stiffness effects
of the various skin materials. In general, for the skin panels
tested, the graphite~epoxy skin panel and the aluminum skin panel
have the same noise reduction at 40 Hz, while the Kevlar skin panel
has up to 7 dB less noise reduction. This is consistent with the
single panel tests reported in Reference 6., The noise reduction
values at_100Hz varf very widely because they are very close to
either the skin or the trim panel fundamental resonance fregquency.
At frequencies of 1000 Hz and 3000 Hz, the noise reduction is
mainly a function‘of the surface density of the double-wall panel.

nll other parameters being constant, it is a function of the skin
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panel surface density. Since the surface densities of the graphite-
epoxy panel (panel 335) and the Kevlar panel (panel 340) are nearly
equal, they havée nearly the same noise reduction., The aluminuim
skin panel (panel 353} is considrably heavier and hence has higher
noise reduction. TFor double-wall panels with an air gap, the
increase in noise reduction values closely match the theoretically
éredicted 3-4 dB at 1000 Hz. At 3000 Hz two phenomena occur,

First, the first harmonic of the double-~wall resonance falls in this
frequency region, The dips in the noise reduction introduced by
this resonance are strong enough to mask the increased noise
reduction due to higher surface density of the aluminum skin

‘panel, Second, this is the frequency region with very high noise’
reduction, Hence, as explained in Section 5.3.1, the variations in
the noise reduction values are not truly reflected in the results,
due to dynamic range limitationé. Hence the effect of the increased
mass of the aluminum skin panel is not seen in the exXperimental
results., This is especially true with fiberglass insulation,

Panels with insulation show very high noise reduction (>80 dB) above
3000 Hz.

The effect of the stiffener can be studied by comparing the
results og the Kevlar panel with one stiffener (panel 339) and with
two stiffeners (panel 340). In this case other parameters of the
double-wall panels are the same, At very low frequency of 40 Hz,
the effect of the stiffener is to increase the noise reduction by

the increase in the stiffness of the skin panel. This trend is
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confirmed in .all but three cases tested (gee Figure 5.4 through
5.11). The exception occurred in two cases with air gaﬁ. These
exceptiong are considered to be due to experimental scatter. The
increése in noi;e reduction at 40 Hz due to increased stiffness is
less than three dB. Onece again at 100 Hz, near the fundamental
resonance frequency of the skin/trim panel,‘there is a wide
fluctuati;n in the test results. The results show a very small

increase in noise reduction at 1000 and 3000 Hz due to the two

stiffeners. However, this increase is so small that it is within the

scatter of the experimental results.

5.3.3 EFFECT OF PANEL DEPTH

In general aviation aircraft the space available for the
installation of double-wall type structures for interior noise
cotrol is verf limited, due to already sﬁall interior dimensions. A
Quick gurvey amcng the manufacturers indicated that two-three inches
is a@bout the maximum depth éhat can be allowed. Hence the effect of
the double-wall depth was investigated for only three cases: one
inch, two inches, and three inches., For this investigation,
aluminum skin panel and four trim panels were used,. The trim panels
tested were one from each group of the base materials described in
Section 5.2. These panels were 312, 318, 325, and 352, The tests
were perférmed both with and without the fiberglass ingulation in

the space between skin and trim panels., The results from the tests
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have been cross plotted in Figures 5.12 through 5.15 for the cases
investigated., For each test condition six frequencigs are shown,

At 40 Hz, which is below the fundamental resonance frequency of
the skin or trim panels, the experimental results show a very small
decrease with increase in panel depth. The decrease was less than
three dB in all cases. This trend was not predicted by the simple
theory described in Chapter 6.. It is believed to be due to the trim
panel attachment procedure used in the investigation. The trim
panel wag attached to the edge channel members by means of screws.
The depth of these channel gections determines the panel thickness
{see Figure 5,2). It is possible thét with higher panel depth, the
stiffness of this memger'decreases, decreasing the double-wall panel
stiffness. This decrease in stiffness may cause the reduction
experienced in the test results, This éffect is present even with
the insulation. &An opposite phenomenon occurs at 100 Hz. This
frequency is on the other side of the fundamental resonance
frequency for most of the panels, and hence a slight increase is
expected with increase in panél depth. The increase was 3-5 dB.

The decrease in stiffness as described above can cause such a trend.

The noise reduction values at 300 and 500 Hz' are also plotted
in Figureg 5.12 through 5.15. This frequency region is the most
important region for the.interior ncis; control of the general
aviation aircraft., The noise reduction values at 300 Hz show an
increase, with the increase in panel depth. The shape of the

curves, however, is different for different trim panels. This is
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because the experimental double-wall resonance fregquency occurs in
this regicn. The noise reduction values depend wvery much on the
value of tﬁe double-wall resonance frequency. The simple theory
used in éhe theoretical analysis overpredicts the double-wall
resonance frequency {see Chapter 6). Hence comparisons of the_trend
of the noise reduction values at 300 Hz could not be made. The
trend of the frequency values themselves is the same--only shifted
by 75-100 Hz depending on the panel configuration, Similarly, at
500 Hz the variations in noise reduction could not be explained in
terms of the simple theory. Except for trim panel 312 with air gap,
the experimental results show either a steady increase or a sliéht
pgaking at two-inch deptﬁ. The double-wall panel with trim panel
312 has a definite dip at 500 Hz at 2" panel depth., It is believed
that the‘porous aluminum base material may contribute to this
phenomenon,

At 1000 Hz, for all cases tested the noise reduction shows a
steady increase with increass in pansl depth. AaAs the panel depth is
increased, the first harmonic of the double-wall resonance freguency
decreases., On either side of this fregquency, the slope of the noise
reduction curve will be high. At 1000 Hz we are in this region for
all three.depths tested, 7This slope is higher if the resonance
frequency is closer to 1000 Hz, Because of this the noise reduction
of the three-inch depth panel is higher than that of the two-inch
panel, The increase is smaller for the air gap (6. dB max.) than for
the insulation (11 dB max.). Scme of the increase in noise

reduction of the panels with insulation is due to the wviscous shear
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in tﬁe insulation. This shear loss manifests itself as the real
part of the complex propagation constant (see Reference 9}, The
efféct of -the harmofiic of the double-wall resonance frequency is
more apparent at 3000 Hz with air dap. The resonance in this case
ig so strong that it lowers the overall noise reduction of the
double~wall panels with two-inch depth at this frequency. Hence the
cross plot of noise reduction vs thickness shows a dip at two inches
at this frequency. These results are consistent with the
theoretical predictions and also with the results of the dual pane
window‘tests {Reference 9) carried out at this test facility. The
addition of the insulation damps out this dip. In addition, viscous
"shear losses in the insulation increase tﬁe noise reduction beyond
80 dB for three (panels 312, 318, and 325) out of the four trim
panels tested, As described in Section 5.3.1, any increase‘in the
noise reduction over this value dces not get truly reflected in the
tést results. In the cas; of trim panel 352, which has a lower
noise reduction at one-inch-panel depth (>70 dB), the effect of

increase in depth is more prominent.

5.,3.,4 FEFFECT OF FIBERGLASS INSULATION

Even though all double-wall tests have been done with and
without alr gaps, aluminum skin panel and four trim panels (312,
318, 325, and 352) were chosen for comparative study. The cross
plets at 40, 100, 1000, and 3000 Hz. are givén in Figures 5.16

through 5.19. . The Y-axis of these figures is the change in noise
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reductién due to the fibergl;s§_in§uléfion-of @ensity ; «7 1b/cu.ft
or 11 kg/m3. These values were obtained by subtracting the noise
reduction values of the panels with insulation, from those without
the insulation {shown in Figures 5,12 through 5.15). At 40 and 100
Hz the effect of the fiberglass is negligible. In fact, in some
cases it is even negative. At high frequencies the fiberglass has
two effects, as described in the previous séction. First, it
eliminates the dip in the noise reduction curve observed due to the
harmonics of the double-wall resonance Irequencies. Secondly, the
sound level is also attenuated by the viscous shear losses when it
travels through the porous media {Reference 9}. At any given
'freqﬁency the attenuation due to this effect is linearly
proportional to the thickness of the insulation. fThe experimental
results tend to confirm this trénd in those cases, where the noise
reduction measurements ére not affected by the limitation of the
dynamic range of the instruments, At 3000 Hz the increage due to
the insulation varies from 3 dB (for trim panel 312) to 11 dB (for

trim panel 352) for two inch variation in the panel depth.

5.3.5 EFFPECT OF TRIM PANELS

The interior trim panels are used in the general aviation
industry for decorative purposes. They also form a part of the
interior noise control treatment, But it is the decorative purpose

which determines the type of material and treatment that will be

used. Normally a trim panel has a base material, which provides the
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stiffness and also makes it easier to install, The treatment such
as leather, simulated leather, ﬁpholstery, etc., is applied solely
for. decorative purposes. Theoretically, these ganelé are treated as
limp panels having mass-law impedance. Tests at this facility of
varioué materials have shown that such an assumptiqp may not be
valid (References 6). During the present series of tests, t@e
effect of these panels was investigated when used as a part of a
double~wall struture. As described in Section 5.3, the trim panels
were divided into three groups, based on their base material,

Tables 5.3 and 5.4 give the noise reduction values at 40 and 3000 Hz
for four skin panels. As expected, there is considerable scatter in
the data, Figures 5.20 through 5.27 show this efifect as a function
of the total panel surface density. For each skin panel the noise
reduction obtained is pletted as a function of the surface density
of the panel, - Since the other paﬁel parameters have been held
constant for each plot, the variaticn of the surface density in each
figure is due to the variation of the panel surface (area) density

of the trim panels.,
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Table 5,.3:

Effect of Trim Panels on Noise Reduction

Characteristics of Double-Wall Panel; 40 Hz
Airgap Insulation
o dd-Skin panel skin Panei
Trim Panel 353 335 339 340 353 335 - 338 345—_

312 13 15 < 7 12 17 g 13
314 9 11 7 7 10 15 = 9
315 17 16 11 i3 16 i8 15 15
317 13 12 7 8 13 16 12 15
318 12 15 9 8 13 17 11 13
323 19 17 16 15 19 21 15 17
325 18 15 15 15 20 19 16 18
M 14 14 7 8 15 16 =« 13 15
342 14 12 9 8 14 18 12 14
343 9 12 7 6 13 13 11 11
344 14 }5 9 9 . 14 16 10 13
* 347 24 25 19 20 23 24 19 22
352 15 16 10 7 13 14 16 12 13

*Has the highest noise reduction at 40 Hz.
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Table 5.4: Effect of Trim Panels on Noise Reduction
Characteristics of Double-Wall Panel; 3000 Hz

Airgap Insulation

Skin Panel gkin pPanel
Trim Panel 353 335 339 340 353 335 339 340
* 312 72 66 65 67 84 80 80 80
314 64 58 59 59 76 75 73 73
315 66 56 56 56 78 70 73 74
317 61 57 57 55 71 69 71 70
318 62 57 57 59 78 .75 77 78
323 58 54 52 58 74 69 76 74
325 65 60 61 63 78 71 78 77
341 59 56 57 55 75 69 75 73
342 63 58 55 . 58 78 73 76 77
343 " 6s 65 67 66 77 74 75 74
* 344 72 67 66 64 84 80 80 80
347 60 54 54 54 73 69 74 72
352 61 55 54 56 80 78 76

77

*Have the highest noise reducticn at 3000 Hz
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These..cross plots must be interpreted with care. .The neoise
reducticn @ue to the trim panel at any frequency is not a function
solely of the mass of the panel, which explains the consgiderable
scatter seen in these plots. However, the mass of the trim panel is
still (at least in the high frequency region) a major factor and
represents the trade-off parameter that most often decides what
material will be sslected for use. Because of the scatter, mean
square lines are shown, which indicate, as expected, increasing
noise reduction with increase in mass. From Tables 5.3 and 5.4 it
can be seen that trim panels 312 and 344 perform consistently better
than the other panels, even after consideration of their higher area
density. Both these panels are treated with flexible 1/2" foam
material, over which a leather covering is applied. The thickness
of the foam may be one of the reasons for the better performance of
these panels. . L

Four trim panels--312, 318, 325; and 352 (one each from groups
1 and 2, and two from group-3)--were selected for further
investigation., Bach of these panels has a different base
material: 312 has 45% open pore aluminum, 318 has Rchacell core,
325 has Klege-cell base, and 352 has compressed fiberglass core,
These trim panels are representative of the trim panels being used
in the general aviation industry. Sinéle panel noise reduction
tests were performed, and the results are given in Figures 5,28
through 5.31. These results confirm that the limp panel assumption

may not be valid for these panels, At this test facility, the noise
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reduction curve of a standard ,032" aluminum panel shows a slope of
6 dB/octave, which cqrfesponds to mass-law value. However, three of
the four trim panels. tested had less than 6 dB/octave slope. These
values are tabulated in the next chapter. Only panel 312 had a
slope of 8 dB/octave, far higher than mass-law slope, Panel 352 had
a near zero slope, as can be seen from Figure 5.31. Both these
panels have nearly the same area density, While double-wall tests
confirmed these trends, they alsoc indicated that the effectiveness
of panel 312 decreased and that of panel 352 increased, thus evening
out the difference, This aspect is further discussed in the next
chapter.

In the low-frequency region of 40-1000 Hz, panel 347 was
superior to all other panels tested. Panel 347 was the thick;st
panel in group 2 and has two layers of 120 phenolic skin applied to
both sides to .stiffen the base material.. 2Also it is made of light
Rohacell material. This property of high stiffness and’low nass
increases its fundamental resonance frequency. This-makes panel 347
superior to other panels in the low=frequency, stiffnegs-controlled
region.

The effect of attachment of the trim panel £o the channel
section was also. investigated, Two types of attachment procedures
were tried, In one case the trim panel was screwed to the channel
section by means of eight screws as shown in Figure 5.2.. The second

attachment was to simulate free~free edge conditions for the trim

panel, This was done by using 1/8" thick pressure-sensitive
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adhesive tape. The results are compared in Tables 5,5 through

5.7. The results indicate that the effect of the attachment is felt
only iﬁ the very low-frequency region. BAn increase of 0-2 dB is
observed with the free-free edge condition. fThis might be due to
the better isclation of the trim panel at very low freguencies. At -
100 Hz the results were inconclusive. It is possible that the
vibration isoclation of this tape is nof effective“at and above 100
Hz., At very high fregquencies the panels with tape attachgent
indicate a gain of 0-3 dB. The results are within the experimental
scatter observed in this frequency region. Increased mass of the

1/8" tape all around might have caused some of the increase.

5.4 CONCLUSIONS

tThe regults of the tests degeribed in thisg chapter have
demonstrated fﬁe following characteristics of the sound transmissgion
through double-wall structures.

At very low freque&cie; {below 100 Hz) the noise reduction is a
function only of the stiffness of either skin or trim panel. Hence
use of a double=-wall panel presents no additional gain over use of
the single-wall structure. At frequencies of 100 to 500 Hz, the
overall noise reduction of the double-wail panel is normally lower
than the noise reduction of the single panel with the same panel

weight. However, the noise reduction at these freguencies is so

much a function of the double-wall, panel-air-panel, resonance

151



Table 5.5: Effect of Trim Panel Attachment on the
Moise Reduction Characteristics of Double-
wall Panels with Aluminum Skin; Depth 3"

a, Trim Panel 318

Airgap Insulation
Frequency -

(Hz) screw Tape screw - Tape
40 12 14 13 16

100 18 18 17 17
300 29 32 30 31
500 . 42 41 39 46
1000 48 50 56 59
300¢C 62 63 78 8o

b, Trim Panel 325

Airgap Insulation
Frequency

(gz) screw Tape Screw Tape
40 18 18 20 20

100 16 16 16 16
300 42 43 34 35
500 45 46 41 46
1000 53 53 58 59
3000 65 &5 78 78

152



Table 5.6: Effect of Trim Panel attachment on the
Noise Reducticn Characteristics of Double~
Wall pPanels with Aluminum skin; Depth 2"

a, Trim Panel 318

Alrgap Insulation

Prequency " = -
(Hz) Screw Tape Screw - Tape
40 13 14 14 16
100 16 15 C14 15
300 19 26 26 26
500 45 42 43 42
1000 47 ) 50 53 57
3000 61 63 78 80
b. Trim Panel 325
Alrgap Insulation
Frequency
(HzZ) Sorew Tape sScrew Tape
40 16 16 18 20
100 14 14 15 14
300 34 35 32 35
500 42 45 43 41
1000 47 49 54 56
3000 &1 63 74. 76
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Table 5,7: Effect of Trim Panel Attachment on the
Nolise Reduction Characteristics of Double-
wall Panels with Aluminun Skin; Panel Depth 1"

a. Trim Panel 318

Airgap Insulation
Frequency
(Hz) Screw Tape Screw Tape
40 14 ’ 15 15 16
100 13 13 . 13 14
300 19 21 16 17
500 - 35 32 32 36
1000 42 43 48 51
3000 . : 61 62 72 75
b. Trim Panel 325
alrgap Insulation
Frequency .
(52} Screw ‘Tape Screw Tape
40 17 18 20 20
100 15 12 15 15
300 32 30 23 24
500 37 41 '35- 35
1000 46 46 50 . 51
3000 63 64 73 . 73
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frequencies that any conclusion on the efficiency of the double wall
without knowledge of the excitation freguency and the double-wall
characteristics will not be valid. By proper designing of the
double~wall panel treatment, the coincidence of the panel-air-panel
resonance frequency aﬁd the excitatioP frequency may be avoidéd.
The double wall may also be designed to give a higher noise
reduction at the excitation frequencies, In the high-freguency
region, even though the slope of the noise reduction curve of the
double-wall panel exceeds that of the single-~wall panel, the
experimental values are lower than the theoreéically pred@cted 12
dp/octave, One of the caunses for the discrepancy is the assumption
that the trim panel behaves like a limp panel following mass—law
impedance.

In particular for the double-wall panels investigated, the
effect of the airgap depth in the high frequency region is
negligible outside the range of the harmonics of the panel-agir-panel
resonance fregquencies., Of the skin panels tested, the aluminum skin
panel offerxrs higher high-fregquency noise reduction by virtue of itg
greater mass, At low frequencies, graphite-epoxy panels have up to
seven dB higher noise reduction than the Kevlar panels. One-~to-one
compariosn between these panels is not possible, due to the varied
nature of the thickness and the stiffener characteristics. The
effect of an additional stiffener in the skin panel is to increase
the low-frequency noise reduction by about 4 dB. The additiocnal
stiffener has a negligible effect on the noise reduction at high

frequencies.
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The effect of the fiberglass insulation in the low-freguency
region is small and at times slightly negative. .In the high
frequency region the_instaliation of the fiberglass insulation damps
out the resonance effects and also increases the noise reduction due
to the viscous losses. This increse is directly proportional to the
insulation thickness. '

The effect of the trim panel is not significant in the low-
frequency region. Increase in the trim panel mass results in a
slightly lower noise reduction. At high frequencies the base
material and the treatment of the trim panel play a major role in
the noise reduction characteristiecs of both double-wall and single- °
wall panels. Of the trim panels tested, panels with .5" foam as
part of the treatment had the best noise reduction in the high-
frequency region, even after consideration of their increased mass.

Due to the insérument limitation, the effect of very high- trim
panel density on the high~frequency noise reduction could not be
accurately determined. However, as the noise reduction is well

above 80 dB, it is considered that this may not be worthwhile.
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CHAPTER 6

THEORETICAL ANALYSIS OF' SOUND TRANSMISSION
THROUGH DOUBLE-WALI, PANELS

6.1 INTRODUCTICN

’

The main purpuse of the theoretical analysis of double-wall
panels was to coﬁpare the results obtained from experimental
investigations of Chapter 5 with the computer-calculated theoretical
results, The secondary purpose is to use th£s theoretical model for
the future design of double-wall noigse control treatment. The
double-wall panels tested include skin, airspace, fiberglass
insulation and trim. Hence, one of the requirements for the
selection of the theoretical m;del is that it should be able to
handle these variables,

A literature survey was-ccnduéted to determine the methods
available (Reference 51). Recent studies to determine the interior
noise of propeller aircraft (References 23 and 24) still use the
classical sound transmission loss model originally proposed in
Refgrence 25. It was decided to use the same model, with some

modifications to acccmmodate the type of panels tested in Chapter 5.

6.2 THEORETICAL FORMULATION

For a plane wave with partial absorption on the receiver side,
the noise reduction across a panel is expressed as (References

23-25):
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NR = 10 log |1 +%| (6.1),
where NR = Noige reduction across a panel (dB)

T = Panel transmission loss éoefficient

o = Absorption coefficient of the receiver cavity.

The transmission loss across a panel is calculated from

=

it

where TL = Transmission loss.
In case the receiver cavity is fully absorptive, as in the case of
the KU-FRL acoustic test facility, the noise reduction and

transmission loss will ke the same. A typical multilayered panel is

shown in Pigure 6.1. The transmission loss across this panel can be

written as

. P
TL = 10 109(10 = 10 log |—§42 (6.3},
T P
t
where TI, = Transmission loss across a panel (d&B) -

pPg = Measured sound pressure at the source side (pa)

Py = Meaéured sound pressure at the receiver side.
The sound pressyre measured by a microphone on the source side will
measure not only the incident sound wave gut alseo the reflected
sonnd wave, The measured sound pressure is also called "blocked
sound pressure." Following the classic derivation from Reference
26, this pressure-ratio can be written in terms of the pressure

ratios across the successive interfaces as
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]—-Ez = |Ps of—z—ao.o-—-—-f-k——-looooiblz {6.4)
= hd r
Py P2 Py Pe 4+ 1 Py
where N = Number of layers
Py
= Pressure ratio across layer k.
P + 1

For the purpose ?f calculating the pressure ratios across successive
interfaces, both airspace and fiberglass insulation (pcrbus medium)
will be considered as similar media. The pressure in a porous
insulation or airspace is caiculated from the solution of the one-

dimensional wave equation (Reference 26):

p = A cosh(bx + ¥) (6.35],
where L = Pressure amplitude

p = Pressure at any point along axis of sound

propagation X -

X = Distéﬁce from a terminal impedance 2y

b = Propaéation constant for the medium {neper)

¥}, = Phase angle dependent on the characteristic impedance

" of the medium and is given by

2
-1 T
¢b = coth GE*) (6.6),
o
where Z, = Characteristic impedance of the medium.

Equation 6,6 is derived from the equation of impedance (Reference
26):

z = 2, coth (bx + Wb) (6.7).

In this case at x =0, 2 = Zi. Therefore,
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~-1,.7¢
¢b = coth (Erd (6.8}.

For an airspace between two solid boundaries, the propagation
constant

b = juc = and 2z, =pc. (6.9).
For the porous insulation, both b and Z, are complex, Reference 9
gives a method to calculate these values for any porous insulation
materigl given its porosity, resistivity, and density. Hence,
knowing b and Tb, the pressure ratio across a porous fiberglass
insulation or airspace can be calculated.

The pressure ratio choss septum or skin or trim panel can be
found by(the impedance ratio across these layers because the
particle velocity across these layers should be continuous., The
impedance is defined as the ratio of pressurs to partidle

velocity, Therefore, across any septum,

P, P,
Z = - and 9 = —— (6.10).
1 u1 2 u2

Since u; and u, are egual,

) A
ok R (6.11).
P, 2

Therefora, if the impedances at the interfaces of successive layers
are known, then the pressure ratios can be calculated. The
impedance of airspace and porous media are calculated using Eguation
6.8.3 The impedance in front of a septum (or skin or trim) is found
by adding the impedance of the septum to the terminating impedance

for that layer. For example, in Figure 6.1, if the impedance at
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Zy4q 1S known, then the impedance- at k is calculated by adding the
impedance of septum k to the impedance at k+1. In classical sound

transmission theory,-thé impedance of the septum is given by the

mass-law impedance (= jumy)}. Therefore,

Zk = Zk+1 + jmmk (6.12),

Impedance at location k

L]

where Zy
Zyep1 = Impedance at location k+1
w = Circular frequency
m. = Surface mass dehsity of septum at k.
The above model has been corrected for the oblique incidence and
"airflow in Reference 24, In tﬁe following subsections, the pressure
ratiocs and the impedance values across the individual layers are

given, "These equations are taken from References 23 to 25, and 21.

6.2.1 SKIN PANEL

For a skin panel subjected to an cbliquely incident sound wave

with an airflow, the pressure ratio is obtained from (Reference 24):

P Z._.cos8 p,C,cos8
i S PR M 171 1

+ : ] (6.13),
.Eﬁ Z2 cosB1(1 + M 51n61)22

(il

n

where Pr Blocked incident pressure

Transmitted pressure

g
b
i

S
{t

Characteristic impedance of skin panel

= Terminating impesdance for the skin panel

N
V]
{
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%

angle of incidence in Region 2

64 Angle of incidence

Il

pycq = Impedance of'air on the source side
M = Mach number,

Equation (6.13) can be simplified when the external flow is not

considered,
P 7 _cosf p,c,cosf
Lo s = 2 . 1z losﬂ 23 (6.14).
Py 2 2508Y

The impedance of a panel is modeled in the KU-FRL program in
four ways:

a. The first model used for skin impedance is derived from

simple mass law and is given by !

Z_ =3
e Jwm (6.,15),

i

b, ~ The second impedance model is for a stiffened and

pressurized cylindrical panel, It is given by (Reference

24):
wnz m3Dn sin4e mn2m wn3D sin49
b4 = ——m + — + jlum - — = — 4]
P c, (1 + M sin8) c, {1 + M sin8)
where n = Loss factor

D

i}

Flexural rigidity [Eh3/12(1 - v3)]
cq = Speed of sound on the source sgide

0 angle of incidence

il

M = Mach number

=]
i

Mass per unit area
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=
I

Young's modulus
U = Poisson's ratio

h

]

Skin thickness

W, = Fundamental resonance frequency,

For a cylindrical stiffened panel, neglecting the membrane

stiffnegs, it is given by (Reference 23):

W
n

whege

4
m

mL

D

X

4

EI G J G J E_I

4 2.2 4 " g s 2, 8 8 ff 4 "f°F
{p(1+5}+p[D2 +6(D2. +D£)+6D£]+
V' V4 X X
R Pzsz 2
+ Ap = (1 + 26%})} (6.17),
2 2,

D = Flexural rigidity as defined above

L, = Length of the panel

o]
H)

Frame pitch

o
]

Stringer pitch

E = Young's modulus

m = Mass per unit area
I = Mcment of inertia
G = Shear modplus

J = Torsion,cogstant

p = Axial wave number (= 1 for Ffundamental mode)

R = Radius of curvature

at.,

8 =‘E;E (6.18)

g = Circumferential full wave number (= ,5 for
fundamental mode; "see Reference 23).
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Ce

The third impedance model is for a flat panel with in-

plane stresses to simulate pressurization and is given by

(Reference-24):

!

“n m3Dn " sin”e . i T sin’e
Z, =—p W+ —— + Jlwm - i = 2
P <, (1 + M sing) w c, (1 + M sin®)
(6.19},
where w, = Fundamental angular rescnance frequency for a panel
bounded by sides a and b and preséurization loads P,
and Pye It is given by
r P
2,1 1
mn=—-“1_/2 £(—;+-—§) + DT (— + —) V2 (5.20);
{m}) a b a b
n = Loss factor
D = Flexural rigidity [Eh3/12(1 - u?)]

Cq = Speed of sound on the source side

6 = Angle of incidence

M = Mach number

P, = Load in x direction due to pressurization
PY = Load in y direction due to pressurization
m = Mass per unit area

F = Young's modulus

v = Poisson's ratio

h = skin thickness

a, b = panel length and width
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where

) 6'2.2

The fourth model is for cases where the fundamental
resonance frequency and damping ratio (= logs factory/2)
are known., In this case the panel impedance is calculated
as (Reference 27):
“n 2

ZP = 2cmnp + wm{1 = [;rﬂ ) (6.21),
z = Damping ratio
wy = Natural frequenéy
m = Mass per unit area
w = Circular freguency,

SEPTUM

When a thin, impervicus layer (leaded vinyl or vinyl) is

present, the following equation is used to determine the pressure

ratio across that layer:

where

Py Zicosei + 1
= > (6.22),
pi + 1 i+1
Zy = Zn + By oy g (6.23),
ZP = Jumy o (6.24){
w = 27f

m:; = mass per unit area of layer i
£ = freéuency
35 4+ 1 =\Terminating impedance for layer i,
calculated from impedance downstream of layer

i+1.
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The input impedance Z; is simply the sum of the layer impedance

and the terminating impedance.

6.2.3 AIR GAP OR FIBERGLASS INSULATION

The pressure ratio across an airspace or a soft porous

.

fiberglass insnlation subjected to an oblignely incident ray is

given by (Refersnces 23-25):

Z. Lcosé
o cosh{bd cosd + coth_1(—&—i§l~——-)]
L = B (6025)'
Pi+ 1 A O N
coshl[coth ~ (———)
2
B
where .b = Complex propagation constant (calculated from

eguations and data in Reference 9 for fiberglass
insulation
b = juwc for air gap (6.26)

Zi 41 = Termination impedance

g = Characteristic impedance of the layer
{calculated from Reference 9 for fiberglass
insulation)

. Zp = PC for air gap.

The input impedance of the airgap blanket is given by

(Reference 23):

Z -1 Zi + 1cose
. cothibd cosf + coth (———) (6.27).
i cosd ZB
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6.2.4 TRIM PANEL CHARACTERISTICS

The pressure ratio across the trim panel is -calculated using

Equation 6.22. Two models exist for the panel impedance, The first
is the same  as Equation 6.24. The second model uses the

experimental values obtained at the KU-FRL. acoustic test facility.

In general, a single mode impedance model is given by (Egquation

6.21)
Y 2
%z = 2rwm + jaum(i = [—]7) (6.28),
he) n W
where £ = Experimental damping ratio
W, = Experimental resonance frequency

m = Mass per unit area.

Equation (6.28) has bheen modified to change the slope of the
noise reduction curve in the high frequency region by a factor
called "slope factor" (see Section 5.3.5) to correspond to the
experimental value of the slope obtained. The model Ffor panel
impedance uses Equation (6,28) in the low-frequency region and

exparimental slope in the high Ffrequency region.

6.3 COMPUTER PROGRAM

The equations described in Section 6.2 are used in a computer
program, which calculates the transmission loss of multilayer
panels, The program is written in PDP-11 Fortran, which is an

enhanced version of Fortran~66. It is intended for use on the DEC
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MINC-11, 16 bit, 64 k byte minicomputer. Five difference types of
layers can be studied. ‘These are skin, airspace, porous fiberglass
insulation, septum and trim. The program is written in such a way
as to permit the user to vary botﬁrthe type and-the order of t@e
laysrs., The flow diagram and the listing of the computer program
are given in Appendix B. The input data required, input data format
and output formats are given in the user's manual, Reference 28.

When this computer program is used for the calculation of

transmission loss of panels tested, several aspects should be kept
in mind, These are given below, It should also be noted that even
though the program ;an allow up to 10 layers, in the tests only
‘three layers were used; i,e., skin, alrgap or fiberglass, and trim
panel,

a. Acéual transmission loss should measure only the incident
pressure on the source side, But at the KU-FRL acoustic
test facility the source microphone measures the blocked
sound pressure, which consisté of both incident and
reflected pressures. This effect has been taken into
account in the program,

b. the receiver microphone measures both the_transmitted
sound pressure and the reflected pressure from the
receiver cavity. As explained in appendix A, the receiver
cavity absorbs most of the transmitted energy. Hence the
éontribution of the reflected pressure is assumed to he

negligible.. In other words, the absorption coefficient of

the cavity has been assumed to be equal to 1,
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At low freguency the receiving cavity stiffens the panel
due to Helmholtz effect, This effect increases the ~
measured funéamental resonance frequency of the single
panel, Hence the measured resonance frequency is greater
than the calculated resonance frequency. This effect can
also be expected for the double-wall panels, No
modifications have been done to account for this effect,
This effect can be taken into account by inputting the
measured single panel resonance frequency of the trim and
the skin panel, instead of calculating their resonance
frequencies within the program,

In practice the trim panel is modelled as a limp panel,

In c<lassical sound traﬁsmission'léss theory, limp panel
impedance is directly proportional to the surface density
and the frequency. The transmission loss resulting from
this impedance is known as mass~law transmission loss.
Under these assumptions the transmission loss increases_by
6 dB for doubling of either the mass or the frequency., 1In
a transmission loss vs freguency plot, this produces 6
dB/octave slope, However, as can be seen from'éhe test
results (Figures 5.28 through 5,31), the slope o£ the
least mean-square line of the trim panels varies
considerably. Hence a simple mass-law assumption seems to
be invalid for such trim panels, fThree out of the four

panels tested had slopes less than the theoretical
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values. Hence the use of mass~law approximation produces
a higher transmission loss for a double panel. In order
to overcome this problem, an additional option for the
trim panel w;s introduced for the trim panel impedance,

In this option the measured slope is used, The model uses
mass law impedance for low frequency and impedance
corresponding to the measured slope at high frequency.

The experimental slope is input as a ratio of the measured
slope to theoretical slope (6 dB/octave), and this ratio
ig called the slope factor. vVvValues of these factors for
various trim panels are given in Reference 28, For this
study these values were measured from Figurés 5.28 through

5,33,

.The absorption coefficient is normally less than one. But

when- the cavity is nearly absorptive, (¢ = 1) , as in the
case of the KU-FRL acoustic test facility; the noise
reduction and transmission loss will nearly be the same.
In case the cavity is not fully absorptive, noise
reduction values in general will be less than transmission

loss. At cavity resonance frequencies such

simplifications will not be walid, At the XU-FRL

experimental test facility the receiver microphone
measures both the transmitted pressure and the very weak
reflections from the cavity walls., Hence the sound

attenuation characteristics measured from this facility
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are called "noise reduction." The theoretical wvalues
calculated from the program do not contain any corrections-
and hence are transmission loss values. fThis should be

. borne in mind when making the comparison between the

theoretical and experimental values.

6.4 DETAILS OF THE INPUT DATA

For the theoretical investigation the parameters chosen to vary
were

a., Panel depth

b, Bffect of sound insulation

C. Effect of skin structure

d. Effect of trim panel material and treatment.

Four skin panels and four trim panels were used for the
compariscn of éhe theoretical and the calecnlated values, The skin
panels tested are given in Table 6.1. Trim panels used were 312,
318, 325, and 352. The detéils of these panels are presented in
Table 6.2, The impedance model used for the skin and trim panels
was the single mode approximation., This appreoximation, described in.
detall in Reference 28, reguired single panel resonance freguencies
of the skin panel and its damping ratio around that frequency

region, The &ingle panel test results from 6 were used for the

resonance frequencies, The damping values of these panels had been
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measured and were reported in Reference 28. These values were used
in the calculation of the impedance. These values are tabulated in
Table 6.1.

The mechanical properties of the fiberglass insulation were
unknown. fThis insulation material was very similar to the PF 105
fiberglass insulation discussed in Reference 9. Also the
sensitivity analysis indicated that‘the minor variations in porosity
and resistivity of the insulation did not significantly change the
transmission loss values., Hence the porosity and the resistivity of
PF 105 material were used. However, "actual fiberglass density was
input,

The input data required for the trim panels were fundamental
resonance frequency, damping ratio, and the experimental slope of
the noise reduction and démping tests of the trim panels alone,

These values are tabulated in Table 5.2.

6.5 RESULTS

The outputs from the computer runs are plotted in Figures 6.2
through 6,25 for the 48 combinations considered. These calculated
values are plotted as dotted lines over the experimental wvalues,
Each figure contains two plots: one with the fiberglass insulation
between the skin and the trim panel and the other without the

insulation,
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Table 6.1:

Input Data for Skin Panels

Resonance Damping Surface
Skin Panel Frequency Ratio Density
(Hz) {kg/sg m)
353
357 50 .015 2.24
358_
335 70 .03 1.58
339 40 1.23
340 55 1.48
Table 6.2: ZInput Data for Trim Panels
Trim Rescnance Damping Surface Slope
Panel Fregquency Ratio Density Factor
(Hz) (kg/sq m)
312 0 042 2.26 1.33
318 50 060 1.26 0.58
325 60 .074 2,04 0.83
352 62 2,20 0.05

063

Slope Factor =

Measured Slope

6
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In general,-it cgn,be seen that the agreement is reasonable for
most of the cases tested;A Due to the . single mode approximation used
in the program, the‘higher order modes of the skin and the trim ,
panel are not present. BAlso not present are the higher order cavity
modes of the receiver cavity. BAs the theory does not ignore the
higher harmonic of the double-wall panel-air-panel resonance
frequencies, they are present and can be seen at higher panel depths
without any insulation between the walls,

At low frequency region the calculated values agree well with
the experimental double~wall results., These results are expected,
since the input values are experimental, single-panel, fundamental
resonance frequencies of skin and trim p%nels. This indicates that
at low frequencies the transmission loss is a functicn of singie-
panel stiffness, This is true when the frequency is well below the
fundamental resonance frequency of either the skin or the trim
panel,

In the frequency region.between 100 and 500 Hz, which is the
region of greatest importance for general aviation interior aircraft
noise, the fundamental skin or trim resonance frequency and the
fundamental double-wall, panel-air-panel frequency occur. As can be
seen, the theoretical values overpredict the measuréd values by a
large value (75 Hz). The reason for tﬁis is not understood, Figure
6.26 shows the measured and the calculated double-wall reson;nce

frequency as a function of the thickness of the double-wall panel.

The effect of the panel depth on the measured and the calculated
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resonance frequencies is the same; the experimental values are
always lower by 75 to 100 Hz, depending upon the trim panel. Around
this frequency regionf measured values of noise reduction do not
agre2 with the calculated transmission loss values, However, the
trends are still maintained.

In the high~frequency region (above 500 Hz) the higher order
panel modes and the cavity modes are not predicted. with airgaps
the harmenics of ?anel—air—panel resonances are visible., The
agreement with the test results depends on the trim panel and the
depth of panel, Increase in panel depth decreases the fundamental
panel-air-panel resonance by the same amount as the experimental
results, as can be seen from Figure 6,26, At 3000 Hz frequency the
calculated transmissicn ioss dips at 2" depth because of this
rescnance frequency. This has also been observed in the
experiméntal results, With the insulation no decrease in noise
reducticn is obgerved near tﬁe harmenic of the panel-air-panel
resonance frequency. Whenever the theoretical results are above
90 dr, the difference between the experimental wvalues and the
theoretical values is large, This is due to the limitation of the
dynamic range of the instrumentation.

The theoretical results overprédict the high frequency noise
reduction of the double-wall panel with trim panel 312, and- they
underpredict the noise reduction of the double-wall panel with trim
panel 352, This is because of the variation in the actual slope of

the trim panels. The glope of panel 312 is 8 dB/octave, and that of
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panel 352 is nearly zero. These results indicate that the double-
wall evens out these differences. Reasonably good £it is obtained
when the slope is less than the theore£ical 6 dB/octave slope,
Hence it can bhe concludeé that the double wall acts as though the
trim panel slope is somewhere between ,5 and .8 times the

theoretical slope.

6.6 CONCLUSIONS

In this chapter a compqter program developed using classical
sound transmission theory is described, The computer program can
accept up to 10 layers. The layers can consist of skin, airgap,
fiberglass insulation, septum, and trim. Different optiocns are
available to model various impedance characteristics of the skin and
trim panels,

Tﬁe results obtained from the computer program werk-compared
with the experimental results from double-wall panels with three
1ayeré. The agreement is considered reasonable, considering the
simplifying assumptions of the model, The thecretically determined
panelwair-panel resonance fréquencies do not match with the
exPerimentél values, However, both follow the same trend. The use
of-sloPe factor improves the agreement. The agreement is good if

the slope factor is between 0,5 ‘and 0.8,
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CHAPTER 7

MEASUREMENT OF TRANSMISSION LOSS OF PANELS
USTNG ACQUSTIC TINTENSITY TECHNIQUE

-

7.1 INTRODUCTION

The characteristics and the limitations of the measurement
techniques currently used are described in Reference 21. Most of
the limitations mentioned in Reference 21 are due to the small size
of source and receiver sections of this test facility and the use of
acoustic pressure levels instead of acoustic sound power levels as a
measure of sound power. Also, in ﬁhe present method, the sound
pressure levels are measured at only one location. Even though this
location had been chosen after a carefﬁl experimental study, it is
possible that this location may not be ideal for some cases,
Measurement of the sound power by the integration of the acoustic

. L
intensity levels over the entire panel will eliminate a few of these

limitations. The direct measurement of the acoustic intensity has
now been made possible by éhe development of the two-microphone,
cross-spectral method., This chapter describes the adoption’ of this
measurement technigque at this test facility to measure transmission
loss values of the panel,

Theoretical developments for the calculation of the acoustic
intensity from the pressure measurements by two microphones.
separated by a known distance is given in Section 7.2. In Sections

7.3 and 7,4 some of the limitations of this method and ways to

reduce some of the errors encountered are also described, The
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present test set-up had éo be changed to introduce the intensity
method at this test facility. The modified test set-up is. presented
in. seetion 7.5 Also presehted in this section is the description
of the computer programs and the modified test procedures, A
typical test result from this test facility obtained using the
acoustic intensity technique is given in Section 7.6, The chapter

is concluded with a discussion of results obtained.

7.2 THEORETICAL ANALYSIS

7.2.1 ACOUSTIC INTENSITY

The acoustic intensity at any point is defined as the rate of
acoustic energy flow across a surface of unit area (Reference 29).

By definition:

GEr

Ir,inst = Btea

(7.1).

This energy £lux, 6Er r is egqual to the amount of work done
upon ‘the area A in the direction r due to the total force;, F,.; i.e.,

GEr'= F_ e« 8r= ptSA e 4r (7.2},

where Py is the total pressure comprising the ambient pressure Pa

and the sound (perturbed) pressure p. This gives
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I |, = u + pu 7.3
r,inst pa P ¢ Ve

where u = 9r/ot is ;he particle velocity in the direction r. Both
the sound pressure and the particle velocity are functions of
spatial coordinates and time. For sinusoidal processes, the time-
averaged value of the first term is zero if the averaqing time is an
integral number of half periods. For other processes, it will be
zero if the averaging time isg sufficiently long, If the processes

are stationary random, the same result can be obtained by

E{Ir} = E{paur} + E{pur}

I

PaE{ur} + E{éur}—

"

p_u + E{pur} (7.4).
mean

If the mean flow is zero, then

E{T } = E{pu } {(7.5).
r r

Direct meagurement of intensity using pressure-velocity product
has proved very difficult in field conditions {Reference 30). An
indirgct measurement, wherein two microphones are used. to measure
the acoustic intensity, has gained wide attention in recent years

(Reference 307, In the next section, equations required for the
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measurement of acoustic intensity using this method will be

" derived. This derivation closely follows References 30 and 31,

7.2.2 ESTIMATION '‘OF ACOUSTIC INTENSITY USING TWO~-MICROPHONE METHOD

- With zero mean flow of the medium, the time-averaged intensity
is given by Equation {(7.5). For ease of calculation, 1e£ us
consider both p(r,t) and u(x,t) to be stationary random processes.
Fourier transforms of stationary random processes exist if their
autocorrelations and ¢ross correlation are aperiodic (Reference
32). In such cases the Fourier éransforms of plr,t}) and ulr,t) are

defined as

plr,w) = - [ plr,t)e ¥t (7.6),
U(rfw) = - f u(r,t)ejwtdt (707)0
-

From Euler's equation (Reference 29), the relationship betweaen

the particle acceleration and the pressure is obtained as

du _
PaE = g?ad_p {7.8}).

In one direction, namely r,

J9u
L _ _23p
P Bt = ar . (7.9)‘
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In subsequent discussions, it is assumed that the particle velocity

is in the direction r, and hence the subscript r will be dropped.

The particle velocity is obtained by integrating Equation (7.9):
1= -

1 (7.10).
p

0 “—t
mlm
H |

jaT]
cr

To measure intensity using two microphones, an intensity
measurement apparatug as shown in Figure 7.1 is used., 1In practice,
the pressure at the center of closely spaced points A and B can ba
approximated by taking the mean of Pa and Pg* The pressure
gradient, to a first ordeé, can be calculated by dividing the
difference in pressures at Pa and Pp by the separation distance,
dr. These approxima£ions give the following estimates for p(r,t)

and u(r,t):

.

1
plz,t) Y {PA(r:t) + pB(r,t)}

(7.11).
1 '
ulr,t) = ——p?i- £ (PB - pA)dt

These approximations can be considerd valid as long as the
separation is small compared to the wavelength, A (Reference 31).
Following Laplace transform procedures, the time integral of the

transform can be replaced by

Ulw)

Gt fuat] = o (7.12).
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Direction of.
Acoustic Intensity

Microphone B . ) Microphone A

Figqure 7.1: BAcocustic Intensity Measurement Apparatus
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Reference 31 states that even though this procedure is
mathematically incorrect, it gives valid results in practice, Hence

Fourier transforms of plr,t) and u{r,t) can be written as

=1
Plr,w) = 5 {PA(r,w) + PB(r,wJ} (7.13),

1

Ul(r,w) = - T

(2 (r,0) - 2, (r,0)} (7.14).

From Equation (7.5}):

i = BE{p(r,t)ulx,t)} (7.15).
r,av

Both p and u are functions of the spatial coordinates of r. The

cross correlation function of p and u is defined by (Reference 32):
R {(t &) = ef{plt t (7.16).
ou' &1 2) {p( 1)u( 2)}

Because of the stationarity, this equation can he written as

o]
-
al
A
Il

ou E{p(t)ult + )} (7.17).

at T =0,

R (0)
pu

E{p(t)ul(t)} {(7.18).,

The right hand side of the eguation is equal to the averaged

intensity., Therefore,
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I =R (0) (7.19).

By definition, the cross spectrum of these two processes is given by

{(Reference 32)
@ .
s (r,w) = [ rR_(ne ?¥ar (7.20),
pa o Ppu

and its inverse Fourier transform is

jwt

R_ (1) =1 [ s (we?*Tau (7.21).
pu 2T Pu
with T = 0,
1 [=-] _ -]
. Rpu(O) == “i Spu(m)dw = _i spu(f)df (7.22),

and

pu

If the Fourier transform of p(t) and u(t) exist, the cross spectrum

can be written as (Reference 32)

s = E{P(£)U*(£)} N (7.23).
i

Substituting the values for P{f) and U(f) from Equations (7.13) and

(7.14),
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— ' -1 -
e{pU*} = E{2 (PA + PB)[ (p PA)]*} (7.24).

Judrp B

Simplifying this equation,

_ 3 _ _
E{pU*} = P [E{PBPB*} E{PAPA*} + E{PAPE} E{PBPA *1)
- (7‘.25).

By definition,

1l
It

E{PBPB*} Power spectrum of pressure at B SBB'

E{PAPA*} Power spectrum of pressure at A

i}
n
»

U

E{PAPB*} Cross power spectrum between

pressure at B and A = §__.
AB

E{PBPA*} = Cross power spectrum between

regsure at B and A = S__.
P BA

= *
Because Sp, = Spp*s

ji{s._ - 8__) = +2iml{s_ ) ,
J AB BA ¢ BA

Substituting these relations in the equation,

1

E{pu*} = 2wdrp

{j(sB - SAA) + 21m{sBA)} {7.26).

If the cross correlation is real, which normally is the case,
the real part of the cross spectrum will be even and the imaginary
part of the cross spectrum will be odd. Hence, when integrated from

-2 o «, the odd part integrates to zero. Using only the real part,

Im(s__J)duw (7.27).
o] B
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[+
’
- - . 7.27).
‘_i Im(SBA)dw { )

I
r,av wdrp

Fourier analyzers use only one-sided spectrum. The values on
the positive frequency side are doubled to keep the energy the same.

One-sided cross spectrum is normally denoted by Gp,.

+

1
I = -f el CN LT (7.28).

The negative sign in the eguation can be avoided if the microphone
closest to the source is connected to channel B of the analyzer (seﬁ
Equation 7.11), For this case, the intensity can be written as

@

(G, )dw (7.29).

Ir,av = £ wdrp AB

In practice, the digital form of the estimate will be used:
1 N/2 ImGAB(nAf)

r,av  pér s nAf

(7.30},

where Af is the calculation bandwidth and N is the block size of the

analyzer., Intensity as a function of frequency is

1 ImGAB(nAf)

pdr nAf

) Ir(nAf) = (7.31).

7.3 LIMITATIONS

References 29-31 discuss the. inherent limtations of the two-

microphone cross-spectral method to estimate the acoustic
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intensity. The limitations arise due to two types of error that
occur: a) a systematic error and b) a statistical error. The
systematic error is_due to the finite difference approximation used
in the formulation of acoustic intensity. The statistical errors
are due to the random source excitation and other random variations
in measurement, In addition there are some more limitations that
are specific to the KU-FRL aceustic test facility, All these

limitations are discussed below,

7.3.1 HIGH FREQUENCY LIMITATION

At the KU~FRL acoustic test facility there are two possible
sources of error in the high fréquency region, The first limitation
is due to the finite difference approximation for pressure and
pressure gradient. This produces a systematic error in the
estimation of.these two quantities. 7The approximations used are

(BEquation 7.11)

P, + P

p = ____A2 B (7.32),
P, - P

p_n_2 (7.33).

By the mean value theorem, these approxmations tend to the actual
values only when the separation distance tends to zero., Otherwise,
they produce a systematic error in the entire frequency range,

However, the error ic most severe in the high freguency range. For
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a plane sinuscidal wave, the estimate of the intensity, using this
approximate method, is related to the actual intensity by (Reference--

31)

f_ _sin{kér)
I, - kér

where I = actual intengity,
Iy = éalculated intensity,, .
k = wave number (w/c},
w = 2nf
£ = frequency.

(sin x/x) tends to 1 when x tends to zero. Othervise, it is
less than 1, Hence at high frequency (high k) and large separation
distancg, the acoustic intengity will ‘be underestimated. At the KU-
FRL acoustic test facility, this is minimized by limiting the
separation distance to.25 mm (1") at frequencies above 500 Hz.

The second limitation is due to the band pass characteristics
of microphones, Because low frequency noise reduction is the major
concern in aircraft noise reduction, microphones with higher
sengitivity are preferred in this region., Only the low frequency
region is important in aircraft noise control applications. Hence,
1/2" B&K microphones were chosen for the measurement of transmission
loss of panels. These microphones a%e accurate only up to 3500
Hz. With 1" separation and up to 400 Hz, the error due to the
approximation will be less than 3 dB for a plane wave with

sinusoidal wave, However, because this is a systematic error,
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similar error occurs both with and without the panel. Hence, whan
the transmission loss is calculated, these errors tend o cancel out

each other,

7.3.2 1OW FREQUENCY LIMITATION

according to Reference 30, there is no .evidence of—ény low
frequency limit ‘due to the approiimation errors, Reference 31 shows
that the estimation of the particle velocity results in the
estimation of the phase angle difference between the two
microphones. The term "kér" in‘Equation (7.34) is the phase
difference between‘the microphones; This term is very small at low
frequencies because k is small. Hence, at low fregquencies, the
measurement error of the phase angle becomes significant, The
measurement error is due to the channel mismatch between the two
microphone channels. This error can be eliminated (or réduced)
either by using phase-matched microphones or by correcting for the
difference in thé phase angles whgn both the microphone channels are
exposed to the same sound field, While the use of phase-matched
microéhones will make measurement easier, it cannot account for the
phase mismatch in the rest of the measurement chammels (like signal
amplifier, etc.). Because of this, a phase calibration procedure is
being adopted at the KU-FRL acoustiec test facility, These

procedures are discussed in Section 7.4.
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7.3.3 NEAR FIELD LIMITATION

The third limitation. occurs when E@is'method is used in cases
where the intensity‘Ehanges rapidly along the probe. When this
occurs, the intensity is very different at the two microphone
locations. Such a situation arises when the measurements are made
in near field, Several expressions have Seen derived to estimate
the effect of near field for siméle sources such as monopole,
dipole, and gquadrepole. The following table, taken from Reference
31, gives the following criteria for limiting this error.,

Proximity error less than

Source Type 1 dB if source is away by
Monopole 1.1 6r
Dipole 1.6 6r
guadropole 2.3 6r.

While these results will not be valid for a complex source such as a
thin panel} they do provide some guidance in using the acoustic

intensify techniques near’ the sound sources,

7.3.4 LIMITATIONS DUE TO STATISTICAL ERRORS

Because of the random excitation, an estimate of G,5(f) is
made, This estimation gives an additional error due to the variance
of the guantity being measured. Reference 32 gives the normalized

random error, &(I) ='(Var(I)1/2/I), in this type of measurement as

e{1) = (n)_l’{zh/y2 + cot2¢AB{1 - Yzj/272]1/2 (2.33),
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where n is the number of ensemble averages for cross spectrum, and
72 is the coherence between the acoustic pressure at the two

measurement points, .

As can be seén, the statistical error can be minimized by
selecting a large number of ensembhle averages and by.makin; sure
that the ccherence level is high., Since the tests are cpnéucted
inside a cloéed cavity where ns other sources exist, the measured
coherence values are normally very high. In the KU-FRL aoustic test
facility an ensemble average of 256 and coherence values of above .8
are used, The tests are repeated if the coherence in general is
below 0.8. However, at somé discrete wvalues the coherence can be
lower than 0.8, Fér an assumed phase difference of .18 rad, with
these values for ensemble averages and coherence, the statistiecal
error {€{I)} will be less than .194, For a plane wave, a phase
angle difference of .18 rad corresponds t; 100 Hz at 4" microphone

separation,

7.4 CORRECTIONS FOR PHASE MISMATCH

As discussed in Section 7.3, phase mismatch between the two
microphones can be minimized either by using phase-matched
microphones or by correcting for the erfor. one of the
disadvantages of using the phase-matched microphone is that the
error due to phase mismatch of the rest of the measurement channel
cannot be corrected. At times these errors may become_

significant. Hence at the KU-FRL acoustic test facility, phase
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correcticn by prior calibration of microphones ig used. A
literature search was conducted. Based on‘the results, the
_following four methods were chésen {References 30, 31, and 34): 1)
phase angle correction, 2) transfer function methed, 3) microphone

switching method, and 4) modified microphone switching technique.

7.4.1 PHASE ANGLE CORRECTION

In &his method the phase difference between the two measurement
channels (including microphones) is measured when the microphones
are subjected to the same sound field., The phase angles of the
crogs spectrum measured during the ihtensity tests are corrected for
this difference. The magnitude correction is done separately. If

the same sound field is applied to both the microphones, shown in

Figure 7.2, the measured cross spectrum is given by

= . * o .
SAB SP1PZ HA HB (7.36),

where SP1§2 is the cross spectrum of the sound field at the position
of the two microphones, Spp is the measured cross spectrum, and Hp
and Hp are the‘transfer functions of the two measuring channels,
The phase angle of the measurement channels is the phase angle of
the transfer function.

This is one of the methods chosen at the KU-FRL to correct for

the phase angle difference. This method is useful at low

frequencies, The exact realization is discussed in the next
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chapter. The magnitude calibration is done separately using B&K

Pistonphone 4220,

7.4.2 TRANSFER FUNCTION METHOD

Reference 31 shows that when two microphones are exposed to the
sound field, both magnitude and phase correction for channel

mismatch can be done using the relation:

SAB

2
HA) H

S =. (7.37)
PiPy ¢ '
AB

where EAB is the transfer function between the measurement
channels, $ince this method is very similar to the previous method,

this was not tried,

7.4,3 MICROPHONE SWITCHING METHOD

Chung, et al, (rReference 30), originally proposed this method
for correcting phase mismatch. In this method, tests are done
twice. Tests are first performed with the microphones in normal
locations; tests are then repeated with the microphones
interchanged. Under these conditions Reference 30 gives the actual

Cross spectrum as

8
m = -G
I lle, 5

1/2 . -
AB} }/pd8rw lHAI [H

Bl (7.38),
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where Gpg = cross spectrum between microphones,

GABS = c¢ross spectrum with microphdones switched,

[HAI, |HB] = éain factors, microphones A and B.
In this method every test has to be done twice: also, tﬁe test

section has to be opened for every mesurement. For these reasons

this method is not being used at the KU~FRL, acoustic test facility.

7.4.4 MODIPIED MICROPHONE SWITCHING TECHNIQUE

This method is a combination of the transfer function method
and the microphone switching method. In this method, before the
start of the tests, the microphones are exposed to a sound field and_
the cross spectrum (GAB) is measured., WNow the microphones are -
switched, the measuring system is exposed to the same field, and
once again the cross spectrum is measured (GBS). From Reference 34,
we get

*

i _ GAB(m)

e {7.39),

where ¢ is the phase angle between the measurement channel, By
assuming that the magnitudes are the same, the complex root
computation is avoided. The phase angle is calculated by dividing
the phase angle of the cross spectral division by 2.

This method is used to correct the measured intensity va}ﬁes

during the actual ‘tests, The implementation of this method at the

KU-FRL acoustic test facility is discussed in the next chapter. The

220



advantages of this method are 1) the microphones need not be exposed
to the same sound field, 2) tests need not be peformed twice, 3) the
method is valid even at high frequencies. The only regquirement is

that the sound field should be stationary.

7.5 EXPERIMENTAL SET-UP

7.5.1 HARDWARE DESCRIPTICN

7.5.1.1 General Test Set-Up Description

The general arrangement of the acoustic intensity test set-up
is shown schematically in Figure 7.2. The system shown was designed
to take and process data as quickly and efficiently as possible.
Since each transmission loss test requires 324 intensity spectra at
402 frequency values each (324 spectra = 81 points'for high ana low
frequency tests for both the source and receiver side), the néed for
speed in data processing and efficiency iﬁ data storage becomes
obvious., The operation of the system is described below.

The heart of the system is the Nicolet 660B dual channel FFT
analyzer. The analyzer provides temporary data storage and performs
all required FFT calculations, It is controlled by a Zenith Z-100
microcomputer which provides data reduction and permanent data
storage capability. The 660B and Z-100 are linked through the;r
respective RS-232C ports at a 9,600 baud rate. The communication
scftware used to transfer data from the 6608 to the Z-100 is written

in a compiled Basic language,

221



WA

dn-3s8 3895

A3Tsusaul OIISNOOY Byl IO Jjuswsbueixy Teisuss

tgeL @aubia

Absorption Cavity Microphones [] [] :)-- Speakers
Control Commands ' '
'I CH 1 .
Nicolet 660 Hike
2-100 Computer co. e ¢ Power
) FFT Analyzer Supply
Pl -t
CH 2
Data Transfer
White Noise Signal
MINC Computer —» X-Y Plotter Equalizer Amplifier




In addition to its data acguisition role, the q%colet_§§0B also
provides the excitation signal .that drives the speakars in the
Beranek tube., This excitation signal is a band-limited binary white
noise output from the analyzer's rear panel, It is passed through a
TAPCO 2200 equalizer for the purpose of modifying the speaker inputs
to achieve a flat speaker output. The equalizer output is gained up
through a-Crown D-150 power amplifier to drive the nine Altec 405—8&
1oudspeakers: It is necessary to lngsert a high-pass filter between
the analyzer and the equalizer when testing panels with large
transmission losses., This is required to avoid overloading the
analyzer inputs in the low fregquency range when attempting te gain
" up the microphone ocutputs irn the high frequency range.

Two B&K 4165 microphones with B&K 2619 preamps are positioned

in the Beranek tube by the microphone positioning device (MPD).® The

microphone preamplifier outputs are fed into the two channels of the

660B FFT analyzer (although tests involving panels with very high
transmission losses may reéuire additional amplification of
microphone signalé——such as the Nagra SJS tape recorder-~between the
microphone power supply and the analyzer). From the analyzer, the
cross spectrum of the two microphones is transferred to the 2~-100
microcomputer where it is stcred.on 5 1/4 inch disks. Data
transferred to the 2-100 are cataloged in files by microphone
location, analysis (frequency) range, and source or receiver spectra
so that batch processing of data is simplified, Data reduction

routines are run on the 2-100 to generate point intensity values and
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overall  panel transmission loss, The values are plotted on a

‘Hewlett Packard 74752 digital plotter,

7.5.1.2 Description of Microphone Positioning Device {(MPD)

. The microphone positioning device was designed and built at the
KU-FRL for the purpose of accurately positioning the micfophones
within the Beranek twube, The design reqﬁirements specified that the
MED be able to position two microphones anywhere in a 16-inch-by-16-
inch plane parallel to and @irectly behind the test panel without
opening the tube, Movement of the microphones had to be done easily
and accurately from the outside. In addition, provisions for
varying the spacing between the microphones had to be made, and
"blockage” due to the device (interference &ith the sound paths
within the tube) had to be kept to a minimum,

The MPD is shown in Pigure 7.3. It is an extension tube
constructed of particle board into which the positioning mechanism
is built, &ertical and horizontal motion is provided by a system of
cross beams, A Luciee block is attached to the vertical and
horizontal beams at their inersection and is allowed to slide freely
on both. The block is therefore constrained by thé cross beams
(guide rods) such that when the rods are moved, the Lucite block
maintains its position at their intersection. The microphones are

attached to the Lucite block through an aluminum beam protruding
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from it (see Detail A of Figure 7,3), _The microphones can be
positioned at different locations along the beam to provide for
different microphone spacings.

The guide rods in the MPD are controlled externaliy by a cable
and manual crank system, Pesition information is displayed on
scales by a secondary cable system driven off the cranks. |

The MPD operates smoothly and positions the microphones with
reasonable accuracy. However, due to interference of the microphone
cables with the bottom of the MPD at low positions, it is not
possible to cover the entire 16-inch-by-16-inch sweép area. The
solution to this problem is to turn the microphones face down when
they are positioned near the bottom of the MPD, However, this,

requires that the Beranek tube be opened midway through a test.

While this is not a significant problem, it increases testing time.

7.5.2 SOFTWARE DEVELOPMENT

¢

Because of the large ;mount of data that will havg to be
processed using this method, the computer program had to be split
into many subparts before it could be handled by the 2-100
computer, Depending upon the ease of programming and the amount of
calculations involved, either Portran or Rasic language was chosen
to write these programs. The flow diagraﬁ shown in Figure 7.4
describes the steps involved, "The individual steps and the relevant

equations are described in subsequent sections.
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7.5.2.1 Magnitude calibration

A B&K "pistonphone" is used to calibratg the microphones.
Because the 660B ouﬁputs unscaled values, the actual output from
calibration tests is a function not only of the pressure but also of
the input max amplitude setting and number of ensemble averages., In
converting the output of the 660B to the actual BNC input volt level
and then to pressure, these two additional variables will have to be
considered. The B&K 4220 Pistonphone  outputs calibrated sound

pressure level 124 4B (reference 20 micro pascals) at 250 Hz.

Hence,

p
20 1og(—=2Y) = 124 ap
ref
-
Doy = 10 Pog (7.40),

where Poal pressure corresponding to pressure level of 124 dB

Preg = reference pressure (20 micro pascals).

At a given input chamnel maximum amplitude setting for a given

number of ensemble averages, the pressure (p;) at any location i

will be proportional to the wvalue output by the 660B (vi).

or p, = Kv. . (7.41),
where K is the calibration constant. The Pistonphone outputs 125 dB

sound level at 250 Hz. There is a small tolerance about 250 Hz.
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Also, spectral leakage always exists in digital signal processing.
Whenever the energy is concentrated at a. discrete frequency which is
in between two adjacent cell (filter} locations, the energy is
smeared across the neighboring cells. See Reference 35 for
discussion on spectral leakage, In order to minimize the effect of
spectral leakage during calibration, the power-spectral values of
three adjacent cglls on either side are summed’to obtain the total

energy. The calibrated pressure can be equated to

10+3 1O+3
I opi=x Jw,? (7.42),
j=i =3+ i=i -3
0 0
10+3
2 2
Poap = K ): v, (7.43),
l=1—03

where io is the filter location corresponding to 250 Hz, vi is the
value output by the 660B at a given maximum amplitﬁde setting and
for a given number éf ensemble averages, and p_,; is the pressure
corregponding to 124 dB., The calibration constant K can then be
calculated from Equation (7.43). This needs to be done for both
channels. The functional relationship hetween the cutput and the
ensemble averages and the maximum amplitude setting is given in
Reference 36, The relationship betwéen the true value and the value
output from the analyzer 660B during any one test was derived as
follows.

RMS spectrum of channel A:

A, N
t ¢
c t
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Power spectrum of channel A:

A N
2 £, 2 e
v = L2 ¢ {7.45);
KA vt(A ) N
e t

Cross spectrum:

{n, .A .
)

A, "B, L c .
W = XKV —Loomes. T {(7.46);
AB t (AA'CAB’C N,

where TV = true value,

il

Vv = value output,

A

i

maximum input amplitude setting,
N = number of ensemble averadges,

K

calibration constants obtained from Equation (7.43),

and the subscripts t, c, A and B correspond to test, calibra?ioﬁ,
channel A and channel B, respectively. These relationships were
confirmed byiexperimentation. They are .used in obtaining
calibration constants. The actual test and analysis prggggure
developed, based on the above equations, is described in Reference
37. The listings of programs PSP660 and MAGCAL, used for the
determination of magnitude calibration constants, are given in
Appendix C. The output from these programs are stored in a file
named CALDAT.DAT. It stores calibration factor, number of averages,
and maximum amplitude setting for both channels. This file is
accessed by other routines to convert‘the test values into true

values.
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7.5.2.2 Phase Calibration

As described in Section 7.4, two different calibration
technigues are used—at the KU-FRL acoustic test facility, Method 1
calculates the phase angle difference between the two micréphone
chaﬁnels when both the microphones are exposed to the same field.
Method 2 uses the modified transfer function method described in

Section 7.4.

7.5.2.2.1 Method 1

In this method both the microphones are exposed to the same
field, and any difference in the phase angle measured is due to the
difference in the channels. Subsequent tests can then be corrected
for this différence in phase angle. Figure 7.5 shows the schematic
diagram for the microphone phase calibration system. I?AEE;S
method, the two microphones are inserted into a long tube with faces
of Fhe microphones parallel. A random noige is generated at the
other end. Hence both the microphones are exposed to thé same sound
field, oOnly the cavit& resonance effects affect the actual sound
field incident at the microphone, By selecting the tube diameter of
two inches, the fundamental circumferential resonance frequency is
made to occur at a frequency greater than 5000 Hz, which is the
maxXimum frequency of interest. Thus the effect‘of circumferential

resonance frequency is avoided. The effect of longitudinal

rescnance frequency could not bhe eliminated fully, but it is
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minimized by having absorptive fiberglass materials on the ends of
the calibration tube.

During the initial determination of the phase angles, it was
noticed that a certain.amount of scatter was unavoidable in the
phase angle differences measured., Since this scatter may affect the
results during daily calibration; a statistical approach was taken
to minimize the effects of this scatter. It was decided to ﬁerform
tests many times to cover the entire range of parameters that cannot
be controlled exactly during any test., These parameters involve the
humidity, temperature, amount of time the calibration speaker has
been on, etc,

Thirty tests were conducted to cover the range of variables. A
mean of the results of these thirty tests can be considered to be a
goad estimate of thé mean of the population of all possible phase
angle measurements (see Reference 38). However, thirty calibration
_tests every day to‘cover all possible éandom combinations is not
practicable. Hence it was decided to use significance testing to
obtain acceptable calibration values. 1In this procedure, the
Bppulation mean aﬂd standard deviation are first determined only
once, fThereafter, only a small number of tests need to be done
every day. The mean values of these tests are compared with the
population mean values, and the signif?cance tests are used to
accept or reject the new values.

An estimate of population mean can be cobtained by taking a mean

of a large number of tests, If the number of samples is greater
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than thirty, it can be assumed that the mean and the standard
deviation of the sample are egual to the mean and the standard
deviation of the population (Reference 38). Hence; thirty tests
that are conducted in the beginning of a test series can be assumed
to be a very good estimate of the population mean and the standard
deviation., Daily calibration values are then ccompared with these
valueg for acceptability. In-this case, while committing type I
error can be tolerated, committing type II error should be

avoided, The probability of committing type II is denoted by "B."
The probability of committing type I error is denoted by "o." This
is also known as the level of significance. When the alternate

" hypothesis is nonspecific (i.e., the meanhof the test is not equal
to the population mean) as in this case, it is not possible to
compute the probability of type II error (Reference 38). However,

with a higher. sample size, both o and 8§ can be reduced, Reference

38 also gives the following egquation for the two-tailed tesgt to

obtain the power (1 - 8) for a specified alternative as

2.2
. (Za/z + zB) g

2 52

(7.47),

where n, is the pumber of observations required, ¢ is the standard
deviation, and § is the difference be£ween the sample mean and the
population mean, For .05 level of significance (g}, Z4/2 is 1.96

for normal distribution, and for .05 probability of computing type

II error (8}, Zg = 1.645. Using Equation (7.50) as a guide and by
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trial and error, n = 5 was observed to be adequate for our
calculations, )

These equations have been modeled into the computer program.
At the beginning of a series of tests, the c¢alibration is performed
30 times, varying the uncontroliable parameters {(such as
temperature, humidity, etc.j as much as posgible. These tests are
performed oncé for low-frequency rande and again for high-frequency
range, The results are analyzed using STAT,BAS. The outputs (the
population mean and the confidence interwval at 95% confidence level)
are stored into two files,

buring the day of the tests, calibration is done only five
times., The analysis'program, CALIT.EXE, is run to perform the
significance tests. This has to be done for both frequency
ranges, The output file'from this program is called CALII.DLO, or
CALIY.DHI. These files contain the phase angle correctiqp at each
filter location. These files are accesged by other routines to'
correct measured phase angles,

s

7+5.2,2.2 Metheod 2

The second method for phase correction uses the modified
microphone switching technique described in Section 7.4.4. Fguation
(7.39) is used to obtain the correction. 3In this method, the tests -
are done only once every day. Pirst, the microphones are clamped in
normal location in the MPD and the c¢ross spectrum is measured. Then

the microphones are switched and the switched cross spectrum is
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measured, From these two cross spectra, the phase angle correction
as a function of freuwency is cbtained using Equation (7.39). The
listing of the programs involved is given in Appendix C.

’

7.5.2.3 Intensity Tests

The test procedure for measuring accustic intensity'values at -
the KU-FRL acoustic test facility is given in Reference 37. The
intensity is calculated from the measured cross-spectral values by
Equation (7.31). The program INTSTY performs this calculation. It
also performs relevant magnitude and phase corrections. At present,
_ the intensity values are calculated at 81 grid points on an 18-inch-
by-18-inch cross sectional area. These intensity values are used
either to plot an intensity map or to calculate transmission loss.
Thé relevant'programs,are identified in Figure 7.4. The listing of

progranms is given in Appendix C.

7.5.2.4 Plotting

The analyzed programs are plotted using the HP7475 digital
plotter with serial interface, The Basic plot programs TL7475 and
PIN7475 are used to plot transmission loss and intensity map,
respectively. The listings of these plot programs are given in

Appendix C,
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7.6 TEST RESULTS

This -chapter describes the tests conducted to check out the
acoustic intensity érocedures developed at the KU-FRL acoustic test
facility. The tests decribed in this chapter are in addition to the
tests conducted to verify the accuracy of the programs, In all

cases, phase corrections were performed.

7.6.,1 SOURCE INTENSITY MAP

One of the important aspects of the plane wave tube is the
behavior of the speaker array. It is desirable for all speakers to
produce idéntical outputs with the same phase angle. Also the
spectrum produéed by the speakers should be flat for a random white
noise excitation. During the initial calibration tests of the test
facility, it was concluded (Reference 21) that the incident wave can
_be considered plane only up to 800 Hz. With the acoustic intensity
technique, this aspect can -be easily verified. To determine the
sound field characteristics of the test facility, an acoustic
intensity survey was carried out along the ¢ross section of the
plane wave tube. The test facility has a cross section of 18 inches
by 18 inches, Tests were conducted to measure intensity every two
inches, using the procedures outlined in Reference 37. This gave
intensity values of 81 grid points. During these tests, the gain
values at the frequency ranges of the equalizer were set to =zero.

The results of the tests are plotted in Figures 7.6 and 7.7,
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for 300-Hz and 1000 Hz, respectively, The results are also
available for every 1.25 Hz' up to 500 Hz, and for every 12.5 Hz from
500 Hz up to 5000 Hz. The software programs dé&eloped geemn to work
well for the type of analysis being done, From the tests, it was
found that the number of grid points needs to be increased at high
frgquencies to obtain a gocd quality intensity map.

From Figure 7.6, it can be seen that two speakers (#2 and #6)
are producing less péwer (10 dB lower than ?he other speakers).
This phenomenon was seen at frequencies from 250 to 400 Hz.
Thereafter, these.speakers behaved ncrmally, But Eor these two
areas, the output was reasonably flat, At 1000 Hz, the variations
were much more severe, This could be due to the cavity resonances
present in the test facility. 1In general, the intensity was higher
around the edges than at the center, The reason for this is not
fully understood, However, based on this test, it is concluded that
the KU-FRL acoustic test facility cannot be congidered a plane wave

facility above 1000 H=z.

74642 INTENSITY MAP WITH ALUMINUM PANEL

At the KU-FRL test. facility, a 0.032" aluminum panel is used as
the standard panel. tThe transmission loss {(or noise reduction)
values obtained with this panel are used for calibration. To
determine the acoustic intensity characteristics of this panel, an
intensity survey was carried out at the same 81 grid points as

before, this time with the 0.032" aluminum panel installed between
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the source and the microphones. Figures 7.8 and 7.9 show the
results at 300 Hz and 1000 Hz, respectively., At 300 Hz, the
intensity variation was within 10 dB at all points. At 1000 Hz,
while the maximum variation was only 20 dB, the actual intensity
value was 40 dB, It is anticipated that this low value of
transmitted intensity may pose problems in accurate estimation of
the intensity, especially if the panel exhibits higher transmission
loss characteri;tics. This aspect was expected. At higher
frequencies, the transmission loss will be higher because of the
mass laﬁ. Severai methods c¢ould be used to overcome this problem.
They are 1)} installation of amplifier in the measurement channel, 2)
inecreasing the input signal strength, and 3) filtering away the }ow
frequency in the excitation signal using high-pass filters and then
amplifying the signal. The third method will involve performing
gach test twice: once at low frequency, say up to 500 Hz; and the

gecond time, from 500 Hz to 5000 Hz.

7.6.3 TRANSMISSION LOSS OF PANELS

To compare the measured transmission losgsz values with
theoretical values, two panels were tested: a 0.032" aluminum panel
and 40 oz/sg yd leaded vinyl. These specimens were tested at the
KU-FRL acoustic test facility using the test procedures outlined in
Reference 37. The resulting transmission loss characteristics are
compared with the mass law. The behavior of the test panels is

illustrated in Figures 7.10 and 7.11.
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The transmission loss (TL) curve for a particalar panel is
obtained in the following manner, An intensity level survey is
conducted without any panel. The intensity level is integrated over
the entire panel area, and the incident sound power level is
estimated, Then the tests are repeated with the panel installed
between the source and the microphones, and the traﬁsmitped sound
power level ig estimated. The differece in sound power level
between these two measurements will give the transmission loss.

This test procedure is similar to the measurement of insertion

loss. However, because the intensity is measured close to the
source and the panel is thin, the difference between this procedure
and the two-room transmigssion loss measurement method is expected to
be small, This procedure had to be adopted because the measurement
of only the incident intensity of the source side is not possible
with this technigue, The reflected inﬁensity from the test specimen
will affect the inténsity being measured. This problem existed even
in the old procedure. That is the reason the term "noise reduction®
was used instead of "transmission loss.”

Mass law values are also plotted in Figures 7.10 and 7.1%1. The
mean square transmission loss measured i? each case is approximately
2 to 5 dB lower at 5000 Hz. The integration of the several
intensity values for both with and without panels, used in this
procedure, is expected to yield an average transmission loss
value. This is in comparison toc the use of Jjust one microphone

situated close to both scurce and receiving side, which will result
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in position~dependent transmission loss values, Hence, a difference
between the two measurements was anticipated. The results with the
©01d. test procedure gave up to 6 dB higher noise reduction than the
calculate@ noise reduction values., Hence, one-to-one comparison
between the present procedure and the single-microphone procedure‘is

not considered wvalid,

7.7 CONCLUSIONS

Based on the tests conducted, the following conclusions have
been reached with regard to use of acoustic intensity technigues at
the KU-FRL. acoustic test facility.

The acoustic intensity technigue can be adapted to measure the
transmission loss characteristics of panels, Use of this method
will give average transmission loss values. as opposed to the
position-dependent values obtained from single-microphone
measureyents.The same technique and installation can alsc be used to
pldt the intensity maps of vibrating panels. Use of the microPhone;
positioning device greatly simplifies correct grid positioning.The
acoustic intensity programs can easily be written on a
microcomputer.. (Total cost of the microcomputer is less than
$2500.) The initial results indicate that transmission loss values
measured using this method are lowér than theoretically predicted
values. This facility cannot be considered a plane wave facility at

high frequencies above 800 Hz.
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CHAPTER 8

MEASUREMENT OF ABSORPTION COEFFICIENTS

8.1 INTRODUCTION

When a noise source is situated inside a room and operates
continuously, the acoustic intensity at any point in the room will
be higher than the value that will exist if the same source is
operated in the open air, This is because of the partial reflection
of the sound energy by the walls. The sound absorbing efficiency of
a wall is expressed in terms of an absorption coefficient. It is
also true for the ambient levels inside an aircraft., The accustic
transmission through sidewalls, cockpit, rear bhulkhead and floor is
the mast significant to be considered in determining the interior
noise levels, However, a high internal absorption will tend to
minimize the ambient noise level produced by those sounds that do
_penetrate into the fuselage, Also, there are sound sources insgide
the fuselage such as the aif-conditioning ducts.

The effect of internal absorption on ambient éoﬁnd levels can
approximately be found from the following equation., WNeglecting the
effect of internal sources, the noise reduction of.a sidewall can be

written as (Reference 23)

NR =10 (leg (a/T)) (8.1),
where NR = Noise reduction of sidewall
T = Transmission coefficient

o

i

Total absorption coefficient.
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Separating the effects of transmission loss and the internal
absorption, Equation (8.1) can be written as

W= =10 logT + 10 loga - (8.2).

The following table, calculated based on Equation. 8.2, shows

the effect of the internal absorption on the noise reduction:

Average Absorption Ccefficient Change in Noise Reduction

(aB)

01 -20.0

a0 -10.00

2 =7.0

5 -3.0

9 -0.45

.99 -0.04

For example, the internal sound levels will increase by 3 4B if
the absorption coefficient is only 0.5, For a bare aluminum panel,
‘the value of absorption coefficient is -1 (Reference 23), while that

of the carpet is 0.9. Hence, a knowledge of the 'absorption inside

an aircraft is useful for the noise control engineer,

8.2 DEFINITION OF ABSORPTION COEFFICIENT

The absorption of a material is guantified by means of a
coefficient, In the literature, this coefficient is defined in

several ways (References 9 and 39).
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8.2.1 SOUND ABSORPTION COEFFICIENT AT A GIVEN ANGLE OF INCIDENCE

The sound absorpticn coefficient (ag) is defined as a ratio of
the sound energy abéarptiOn by a surface to the sound energy
incident upon that surface at a given angle of incidence (8).
Accordingly, this coefficient is always less than one, However,

bécause the absorption will vary as a function of the angle of

incidence, the practical value of this coefficient will be 1limited.

8.2.2 STATISTICAL SOUND ABSORPTICN CORFFICIENT

The statistical absorption coefficient (q) is defined (for an
absorbing surface of infinite extent) as the ratio of the sound
energy absorbed by the surface to the sound energy incident upon the
surface, when the incident sound field is perfectly diffuse

(Reference 9), This coefficient provides .a single-number index for

general use,

8.2.,3 SABINE ABSORPTION COEFFICIENT

Most of the sound absorption coefficients published are
obtained by measuring the time rate of decay of the sound energy
density in an approved reverberation room with and without a patch
of the sound absorbing material under test laid on éhe floor

(References 9 and 39). The sound absorption coefficient (ag)
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measured using this procedure varies at times considerably from -the
statistical absorption coefficient (o). This absorption coefficient

is called the Sabine Absorption Coefficient.

8.2.4 NOISE REDUCTION COEFFICIENT

This coefficient is different from the noise reduction defined
by Equation (5.1). Noise reduction coefficient (NRC) is cobtained by
averaging (to the nearest multiple of 0.05), the Sabine aAbsorption
Coefficients (or Sabine abscorptivities) at 250, 500, 1000, and 2000

Hz (References 9 and 39).

8,2.5 ~REVERBERATION TIME AND SABINE ABSORPTION COEFFICIENT

The time rate of decay, used in the measurement or the Sabine
Absorption Coefficient, is normally expressed in terms of the
reverberation time, The reverberation time’is defined as time in
seconds required for the sound intensity levél to decrease by 60 dB
{rReference 9). The average Sabine Absorption Coefficient of a room
ig defined by the following equation (Reference 9):

a = ) @8,/S (8.3),

where ES = Average Sabine Absorption Coefficient

s = Total surface area of the reverberation room

a, = Sabine Absorption Coefficient of the surface, i
S; = Area of surface, i
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The reverberation time and the average Sabine absorption Coefficient

are related (neglecting air absorption)-by the equation {Reference

9), -
T = 0.161V/(sas) in MKS units
= 0.049v/(sas) in English units (8.4),
where T = Reverberation time

vV = Volume of the chamber

[i5]
1]

Total surface area of the chamber

e = Average Sabine Absorption Coefficient,

3

The Sabine Absorption Coefficient of a test sample can ke
determined from Equations (8.3) and (8,4) knowing the absorption
coefficient of a standard sample of éhe same size, One of the
primary difficulties in measuring the Sabine Absorption Coeféiciegt
is that this procedure is valid only in rooms with diffused
distribution of acoustic energy. This assumption is not valid for
rooms i) which are well defined and have sound focusing -
characteristics, 2) which have odd-shaped cavities with deep
recesses, and 3) which are small and can produce local ancmalies
resulting from standing wave patterns. To avoid these difficulties,
the ASTM method (References 9 and 39) requires that the test chamber
be of volume 200 m> with samplé size eight.feet by eight feet, Such
a chamber may not be available to general aviation manufacturers who
want to test many interior trim panels. Also the sample sizes of
these materials available to the noise control engineers will most

often be smaller than the required eight feet by eight feet, TInder

253



these circumstances the measurement of Sabine Absorption Coefficient
may not be possible, A new method to measure absorption coefficient
is necessary, even if it gives only a reasonable estimate of the
absorption coefficient. It is noted that no other method will qive-
the same results as the standard Sabine Absorption Coefficient
method. . But a new method can be used for comparison of Fhe
absorption coefficients of various trim materials, The method
proposed uses tﬁe deconvolution technigque. If a transient signal is
made to hit an absorption material, a part of the sound energy will
be absorbed, The absorption will not, in general, be uniform across
the frequency range., Hence, the reflected signal will be not only
reduced in amplitude but also distorted. Comparing the direct gnd
the distorted signals, the characteristics ofrthe reflecting sur;‘.ace
can be determined. The central part of the analysis when this
method is used will be the separation (or deconvolution) of the

direct and indirect signals,

8.3 DECONVCLUTION aND CEPSTRUM

A schematic diagram of a system which illustrates the
deconvolution is shown in Figqure 8.1. The receiver, a microphone,
receives both direct signal from source along the path 21, and the
reflected signal along the path foe B simple way to deconvolve
would be to increase £, over £, such that the total duration of the
signal is lesgs than the time it takes for the signal to travel the

extra distance (22 - £,)}. A typical case using a mathematical
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example - taken from Reference 40 is shown in Figure 8.2(a).. The time
series in this example are .generated by

y(t) = 50e e(t_z)

(=13

30 (8.5).

The direct signal is sensed approximately one second after record is
started. fThe reflected signal, which is reduced in amplitude but’
not distorted, is received one second thereafter. Because the:
duration of the signal is smaller than the delay fime, it can easgily
be deconvolved. However, achieving deconvolution in time domain is
normally not practicable, due to extraneous noise.

Using the autocorrelation method, it is possible to detect the
presence of the echoes in the composite signal. However,
reconstruction of the characteristics (or impulse response) of the
reflecting surface is not possible (Reference 40). The third

technique is the use of cepstral technique, which is described in

References 40-43. °

8.4 BASIC THEORY

8.4.1 .DEFINITION COF CEPSTRUM

There are two types of cepstra defined in the literature, Both

can be used for deconvolving the composite signal with the distorted

echo, power cepstrum and complex cepstrum,
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The. present-day definition of the power tepstrum is as follows
(Reference 44): The powef cepstrum of a data sequence is the square
of the inverse Z-transform of the logarithm of the magnitude sguare

of the % transform of the data sequence. Mathematically,

x__(nt) = (27 [en|x(2) |22 (8.6);
. pC
xpc = Power cepstrum at nt
n = an inteqer
t = Sampling interval
Zz = Z-Transform
X(z) = Fourier transforﬁ of x(z)
%(z) = Data sequence,

Normally the final sguaring is not performed. Computationally,
the Z-transform is performed using the discrete Fourier transférm.
The computational procedure for obtaining power cebstrum is sﬂéwn in
Figure 8.3 (taken from Reference 40). The power cepstrum is then
the inverse discrete Fourier transform of the logarithm of the power
spectrum,

The complex cepstrum of signal x(t) is written as X5

defined as the inverse Z-transform of the complex logarithm of Z-

c and is

transform (Reference 44),

=]

1 )
xcptnt) =5 $en(x(z)) z ' dz (8.7),

where xcp(o) is logarithm of x(0), %X{z) is the Z-transform of the
data sequence x(nt). Computationally this definition of complex

cepstrum is equivalent to finding the inverse Fourier transform of
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the- complex logarithm of the Fourier transform of a data sequence,
The calculation sequence of complex '‘cepstrum is also shown in Figure

8". 3'0

8.4.2 Theory

The basic theory of calc¢ulating absorption ccefficient using.
cepstral technique is reported in References 42 and 43. The
following derivation of deconvolution of éiqnals using this
technique closely follows References 40-42. Consider the signal
measured by a system shown in Figure 8.1. The gignal v(t) received
at the microphone (output) is a sum of the direct signal x(t) and
the reflected signal, distorted and attenuated by the reflecting
surface, ILet the impulse response of the reflecting surface be
h{t}. The Fourier transform of the h{t) yields the reflectién
frequency response H(f) of the surface, The magnitude of H(f)'
represents the ratio of the energy reflected to the incident
energy. Hence, in terms of H(£f), the energy absorption coefficient
for a given angle of incidence is given by (see Reference 46)

alf) = 1 - ju(e)[? ‘ (8.8).

Referring to Figure 8.1, the signal received at the microphone

y{t) can be represented by the equation,

2, T
y(t) = x(£) + =t [ h{t = T - A)x(A)dA (8.9},
0

%2

or in the operator form,
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y(t) = x(t) +-;l hit - 1) * x(t) (8.10),
2

where x(t) is the direct signal, 21/22 represents the effect of
spherical spreading of the source, The reflected wave is assumed Fo
be plane waves (see Reference 42); and 21/£2 is always less than 1,
T is the time delay between the arrival of the direct and reflected
surfaces, {or echo delay time), and T iz the observation interval.
The total observation time is assumed to be much larger than the
delay time, correlation time of direct signal, and the impulse
response H(T). As can be seen, the signal arriving along the
reflected path is not just an attenuated, delayed replica of x{t)
butlis also distorted. This distcrtion is due to thg form of the

impulse response h(t) and occurs as a convolution at an echo delay

of . This time delay is given by

where a is the speed of sound, £, is the distance travelled by the
direct signal, and £, is the distance travelled by the reflected

signal.

The Fourier transform of 8,10 yields
¥(£) = X(BH 1 + 21/22H(f)e'12“fT] (8.12),

where f is the freguenecy; and X, Y and H are the Fourier transforms

of ¥, v and h respectively, The power spectrum is cbtained as the

modulus squared:
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L , 2 .
leee) |2 = jx(e) [P0 +'El H(g)e T(2ME) Ty 1y +'El u(e)e 27N
_ 2 2

(8.13).

Taking logarithm,

: , |
enfv(£)]? = an[x(£)]2 + 2l +£l" H(f)gf(zwf)r ]+
2

21 * o +i{2nf)r

+ &ni1 +£—H(f)e ] {(8.,14).

2

The series expansions of the second and third term are convergent if
the ratio 21/22 and the magnitude of the transfer function are less
than one. From the geometry of the problem, the ratioc 21/2.2 is
always less than one, For sound abéorption materials, the magnitude
of the transfer function is normally less than one. The series
expansion of logarithmic function 4n(1 + p) is given by

2n(1 + pi =P -p /2P /3 e e (8.15).
Using this expansion for the second and third terms in Equation

(8.14), it follows that

- A 2 .
Qn]le = £n|X[2 r=L  iomgr - (o2 L g2t 2mE)T
£. He 2 2
2 2
1 .3 -3i(27wf) - 21 +i2%f
Loge™e™IT _ ... 4 L gagt HATET
2 3 %

; 2 .
_ (_142_1 H*Zef212wft _103 1_H*3e+312nfr _
2, 2 L 3

262



Inverse Fourier transforming:

2 Jl121
ypc(t) =xPc(t) +-£;h(t- 1} - (2—2) —2—h(t- T) * hit =~ T) + + « »
[ S}
i 1,2 1
Fgohl-t - 1) - ) Fhi=t - 1) *hl-t - T) + . -

2 2

{(8.17),

where ypc(t) and x_.(t) are the power ceptra of composite and direct

B
signals, respectively., This equation indicates that the power
cepstrum is a sum of the power cepstrum of the direct signal and a
series of delta functions at delay time T (both negative and
positive) apart. The mirror image at negative delay times occurs
because the power spectrum is an even function from 0 to Nyquist
frequency. The delay time equivalent in cepstral analysis is known
as "quefrency" (References 40, 41, and 44), Because of the
logarithmic operatioﬁ, the effect of convolution type of system in
Equation (8.1) is now‘transformed into a simple additive type.
Also, the existence and the delay times of the echoes from the
reflécting surface are easier to establish, when the data is
transformed to cepstral domain,

The procedure of estimation of the characteristics of the
reflecting surface from the cepstrum is called channel estimation
(Reference 40). A typical cepstrum is shown in Figure 8.4. To
cbtain the impulse response of the reflecting surface and hence the

transfer function from a cepstrum, such as the one shown in Figure

8.4, the cepstrum should be so arranged that the effect of the
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direct signal and the impulse response are isolated (see References
40-42). This means that the contribution of the direction qu(T)
should become negligible before the éirst reflected response or
before the quefrency.value of t. Reference 42 discusses in detail
the enhancements that are required to ocbtain a "good" cepstrum that
can be used for further processing. Once a good cepstrum is
obtained, the impulse response is filtered out as shown in Figure
8.4 (téken from peference 42)., This impulse response is then
Fourier-transformed to obtain an transfer function, Eguation (8.1)
is used to obtain an absorption coefficient. Even though the
processing of the data using this technique appears very
straightforward, several difficulties are eqcountered in practice.
These are described in References 40-44. gome of thege difficulties
are discussed in the subsequent subsections.

'

8.5 TEST PROCEDURE

Rased on the basic theory developed above, the test and
analysis tasks for using this technique were identified és
Te Set up test equipment as shown in Figure §,5.
2. Acquire data sequence y(t) at a preselected sampling rate.
- 3. _Transfer tim; series to computer,
4. Repeat 2 and 3 (100-200 time;).
5. Repeat 2-4 without any panel,

6. Precondition data before processing: e.g., select data

length, apply time window zero pad, ete,
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T Final ensemble averaged power spectra of both direct and
composite signals,

8. Use background subtraction (see Reference 43) to, remove
the effect'of direct signal from composite signal.

9, - Finq power cepstrum,

10. Filter data containing impulse response of reflecting
surface (see Figure 8,4},

11. Apply window and perform FFFT tc cobtain transfer function,

12. Calculate oa(f) using Equation (8.8).

8.5.1 TEST SET-UP

The experimental set-up is shown in Figure 8.5, Only normal
incidence was used because it avoids the need for determining exact
angle'of incidence. Idealiy, this test should be done in free field
conditions with very low ambient noise levels or in an anechoic
chamber, This would avoid multiple rgflections off the wall that
will contaminate the test signals. Neither of these two was
available at the XU~FRL. Proper time window was selected to
minimize the effects of wall/flcor reflections from the digitaized
data. '

An ideal noise source would be the one which produces a
transient signal (<10 msec¢) and whose ﬁower spectrum is nearly
flat; Properly selected puise function would be ideal because it
has the smallest correlation time. However, when this signal is

sent through a speaker, the output is characterized by its impulse
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response,. This response became unacceptable when a large speaker
was used-(see discussion abowve}. Various other noi;e sourges such
as percussion caps, etc,, were tried, Even though they produced a
better defined spectrﬁm, the repeatabiiity of tests was not good.
Finally it was decided to use a four-inch Altec 405-8H speaker.
This speaker had a frequency response from ~150-15000 Hz. A seven
msec chirp (15 to 40000 Hz) generated by an analog sweep oscillator
was used as the input. The use of an AC power amplifier someéimes
produced a hum at 60 Hz, corresponding to the line frequency. This
contaminated the power spectrum, A DC amplifier was selected
because it minimized this problem., But theé speaker and amplifier
combination produced a_peak at 1800 Hz in the power spectrum. The
seveQity of this peak was reduced by the insertion of'an equalizer
in the input circuit, In spite of these enhancements, the power
spectrum still contained a slowly varying oscillation (see Figure
8.6). o -
The_digitizing of time signals was done using a two-channel FFT
analyzer, Nicole: 660B, One channel was used for the data and the
second channel for trigqeriné. The triggering was done through a
trigger on the sweep oscillator, The analyzer had an anti-aliasing
filter with 48 dB/octave roll-off rate, The anti-aliasing filter
~was set by selecting the frequency range knob on the front panel.
The data were always digitized at 2.56 times the frequency at which
the anti—aliasiﬁg filter was set, For example, if a frequency range

of 10 KHz was selected, the anti-aliasing filter would be set at 10
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kHz and the sampling rate would be 25.6 kiz. The user had no
independent control of the sampling rate. also the number of
samples for each test was c;nstant. gach time only 1024 data could
be collected. The user could no; change this wvalue, The FFT
analyzer was connected to the Z-100 through RS 232C port épdlwas
communicating at 9600 Baud. ‘

A B&K 4136, 1/4" microphone with B&K 2619 preamplifier was used
to measure the signal. The upper and lower band edge of its
response was well above that of the speaker. The signal was

amplified through an amplifiér in NAGRA 8J recorder. The tape

recorder was used only as an amplifier and not as a data recorder,

1

computer routines were wriéten to perform the data acguisition
and analysigs. The languages used were compiled Basic and Fortran,
The Fortran used is a subset of Portran 77 without complex
variables. Hence all complex variables were represented by means of
two real numbers. Standard FPT routines (see References 45 and 50)
were used, To remain within the memory and speed of the
microcomputer %-100, the program was divided into many small
routines, Figure 8.7 shows the flow chart for calculations, The
listing of computer routines developed at the KU-FRL is given in
Appendix D, These routines were tested with the mathematically
simulated data of Reference 40, and the results of one example are

shown in Figure 8.2.
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8.6 TESTS DONE

Reference 43 degeribes in detail the procedures to obtain
reflection coefficients of a panel in an anechoic room. The wmain
objective of'the testing program at the KU-FRL is to use this
technigue on a smaller samp;e size and in non-anechoic gonditions.
The test technigque is slowly being evolved. At the time of this
report, it has not yet been finalized., It yill continue on to the
next project year, 1984-835,

During the present series a vinyl sheet backed with 1/4 inch
foam was used as the test sample, The sample size of the foam was
four feet by five feet. It was mounted on 5/8 inch compressed
particle board bf means of adhesives, During the testS,'the
distance between the microphone and the panel was varied between 18
and 24 inches, and the distance was varied-from 20 to 48 inches,
Taegts were doné inside the KU-FRL laboratory, The line joining the
centers of speaker,.microphone, and the test sample was parallel to
ground at five feet, )

A swept size signal was generated by the analog sweep
oscillator, and the triggering signal was used to trigger the data
acquisition on the FFT analyzer., The anti-aliasing filter was set
at 10000 Hz. This meant that 1024 samples yielaed .04 secs of
data. At the end of each test, the data were stored on the floppy
disk. 'The tests were repeated 200 times with and without the

absorption material,

272



Figure 8.8 shows the signal recorded for one such test without
any panel, In this case the reflected signals off the wall can be
seen after 10 msec of initial data.‘ Also, during this series of
tests, the AC/DC coupling of the FFT analyzer was set to DC. Hence
at the beginning there is a DC shift. The problem of DC shift in
the low-frequency region will be discussed later. Figﬁre_s.g"shows
the similar data for composite signal. In this case the AC/DC
coupling switch was selected to AC éoupling. As can be sgeen, the
reflected signals overlap the incident signal, The cepstral
analysis is capable of deconvelving the signals, even when they are
overlapping.

For analysis first 512 points were used. The series length was
extended to 1024 points by padding zeroes. A sin? window was
applied, and the power spectrum was calculated and averaged. The
logari£hm of power spectrum of the direct and overlapping signals is
shown in Figures 8,10 and 8.11. The effect of DC shift can be seen
ag a peak in Figure 8,10. - .

As can be seen in Figures 8.10 and 8,11, the spectrum is quite
irregular in the low-frequency region. This type of spectrum
produces a low frequency oscillation in the cepstral domain, which
will interfere with the determination of the impulse response.

Hence it is nearly impossible to use only the composite signal to
obtain the impulse response. To obtain good impulse response only
from qomposite signals, the contribution due to direct signal should

die down before it reaches the delay time t. This is possible only
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if the line peaks at 60 Hz.ﬁf DpC sﬁif£5jas in Figure 8.10 and other
irregularities are removed, Because the freguency response of the
speékers used is poor at such low frequencies, as in Figure 8,10,
these effects cannot be fully eliminated. Some other procedure to
reduce or minimize such a stringent condition is necessary.
Reference 43 proposes a method called "background subtraction.” In
this method, the logarithm of the direct signal is subtracted from
the logarithm of power spectrum of the composite signal, This
difference is shown in Figure 8.12. The spectral irregularities at
low frequencies can eagily be seen in Figure 8.13 (with expanded X
.axis). In order to obtain the cepstrum, these low-frequency
) irregularities should be removed (Reference 43). To remove these
irregularities, Reference 43 proposes spectral smoothing in this
region.

When backéé by a hard surface, the reflection coefficient
should approach cne at zero Hz. Reference 43 shows under these

conditions the difference in log power spectra is given by

: 2 2y 2
AP{£) = fn(t + 2(—)cos27fr + (-—)7) (8.18)
) 22 £2

Hence it could ke assumed that at very low frequencies the rapid
changes seen in Figure 8.12 are not due to reflection from material
but are due to other reascons (such as noise). This part of the
spectrun can be modified below a certain fregquency to conform to the

form shown above. This correction is shown by a dotted line in

278



ORIGINAL PAGE 1§
OF POOR OCPE.Q

12800

]
9500

6400
FREQUENCY "HZ

|
3200

[ I —

3
i
(4] ~i [=] by %

3ONIH344I0 WNHLO3dS muzom a07 _

Figure 8.12: Difference between Logarithms of Composite and
birect Signal

279



ORIGINAL PAGE [§
OF POOR QUALITY

- (=]
(w=]
e
la]]
j43 ]
Ll
p=)
'}
m =%
) =
>
- a
T H
-
= =Y
uy [=]
57 =
- (72 o
—
[s+0]
— et
_ n
o
:
S
o
O
R =
. —
5
]
w
e
s
(=]
—a
- [Te]
\I-I
—t
L~ ] _
o = S - o

JON3IH3I44I0 WNHLD3dS mmzom 201

Figure 8.13: Low-Frequency Region of Difference between
Logarithm of Composite and Direct Signals

280



Figure 8.12, However, such a medification means that absorption
coefficients found will not be valid in this frequency region. 1In
this case, this region extends up to 300 Hz.

The power cepstrum calculated from the smooth spectrum is shown
in Figure 8,14. The power depstrum shows the first peak at the
correct delay time, But still certain irregularities are seen, For
these reasons, the extraction of absorption coefficient still may
not yield goed results. Two and five tenths (2.5) msec data was
extracted around this peak, the values were corrected for spherical
spreading, and a sin? window was applisd to the first and last tenth
of the extracted signal. The series was extended to 256 points by
padding with zeroces, It was then Fourier transformed. The
absorption coefficient was then calculated using Equation 8.8, The

final value is shown in Figure 8,15,

8.7 DISCUSSION AND RECOMMENDATIONS

v

puring the series of tests performed sgo far, the speaker has
been kept at a distance of 24~48 inches from the microphone. ‘This
may violate the assumptions in the theory. When the speaker was
moved far away from the microphone, the signal-to-noise ratio
significantly decreased. The speaker coﬁld not handle higher
power. This was traced to the fact that the sweep oscillator, even
when it was not sweeping, deliveresd a steady state signal at
frequency around its start cycle. The speaker could not handle this

steady signal. However, the speaker could handle a much higher

281



POWER CEPSTRUM

ORIGINAL PAGE IS
OF POOR QUALITY

1 i

5 ) 10 i85
BUEFRENCY ~ MSEC

Figure 8.14: Power Cepstrum of Data

282

20



ORIGINAL PAGE i€
OF POOR QUALITY

12800

1 i
65400 S800

FREQUENCY “HZ

1
3200

0.0

IN3IIDIZ-300 NOILdHOSEY

Figure 8.15: Calculated Absorption Coefficient

283



tranéiént signal., Also,-it is still suspected that the reflections
off the floor may contaminate the signal. These, being
deterministic, will not average out when ensemble averaging is
done, The small sample size may also.produce diffractions at the
edges, The test techniq;e has not yet progressed far enough to
identify these effects. However, tests performed so far indicate
that this technique can be used at general aviation aircraft
companies without major cost and expertise.

Based on the experience gained during these tests, the
following recommendations are made for further testing. a digitally
produced signal, instead of analog signal, should be used. A 12-bit
D/A card is available for the Z-100 microcomputer, This card is
capable of handlig up to 70 KHz. One of the channels of this card
can be used for triggering., Such triggering and digitally produced
swept sine sighals can produce synchronized signals. This will
enable time domain averaging instead of freguency domain averaging
(Reference 43), This will dlso reduce computation time, Use of
IEEE~488 connections between the Z-100 and the Nicolet 660B will
increase data transfer rate and permit checking of other
parameters, Tests should also be done with speaker and microphone
at least 6-8 feet above ground level, 0Only then can the absorption
coefficients obtained be checked with published results. These

tests have been proposed for the project year 1984-85,
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APPLICATICN TO AIRCRAFT NOISE CONTROL DESIGN

9.1 INTRODUCTION

References 3-6 give the results of the experiments performed at
the KU-FRL acoustic test facility to determine the sound
transmission loss characteristics of single-wall panels. Chapter 5
of this report presents the results of double-wall panels. These
panels measure only 18 inches by 18 inches, Slight changes to
classical sound transmission loss model provide aéceptable restuls
for these panels, as can be seen from Chapter 6 (Figures 6.2~
6.25). ;n this chapter, application of classical sound transmission
theory to the design of interio? noise control of an aircraft is
congidered, Modifications to the classical sound transmission loss
theory wére necessary before it could be applied to actual aircraft
noise control design. The next section givas the design procedure
used, Section 9.3 gives the program details and the calculations,
In the last section, the theoretically predicted overall interior
values are compared with the measured values. A discussion of the

results concludes this chapter.

9.2 DESIGN PROCEDURE

This chapter describes attempts to design an interior noise
control a business jet aircraft of Max TOW 20000 1bh category. fThis

.aircraft has two aft-mounted engines. When the initial design of
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the noise control treatment started, the prototype had already been

built and was flying. At this stage, the interior noise levels of
untreated aircraft were known. Major changes to fuselage
skin/stringer/frame were not possible, Alsc because the aircraft
was a jet aircraft, the interior noise spectrum was not very low-
frequency dominant. Hence the extended calculations done in
Reference 23 to find the transmission loss of untreated aircraft
were not needed, Analysis of the éroposed treatment had only to be
confined to the effects of additional sound barrier and

insulation, For these reasons, it was decided to use classical
sound transmission loss theory.

For the purpose of the design of the interior noise control
treatment, the interior of the aircraft was divided into four parts,
as shown in Figure 9.1. The interior noise levels were'measured
before the application of treatment in cruise flight (35000 f£+/0.8
M) at four‘locations along the length of the fuselage, The level at
each location was representative of levels within that area., At the
time of these measurements, the aircraft still had some kind of
interior treatment, essentially for thermal insulation. The
spectrum at each location, along with the overall values, is shown
in FPigure 9.2. Ié was noticed that even without additional
treat;ent the contributions of the energy abowve 5000 Hz to the
overall levels was negligible, Hence, during the design, only the

frequency values to 5000 Hz were considered.
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CESFI'ﬁé_—‘T\design of a noise control treatment involves selection of
the barrier material such as leadéd vingl, proper placement of these
materials along the fuselage sidewall, and selection of fiberglass
insulation depth. JFor the sake of analysis, the source was
considerad to be situated outside the aircraft. In other words, in
this analysis, the interior noise due to air-conditioning ducts,
hydraulic motor/accumulator, etc., was assumed to be small, For the
mos£ part of the analysis, only engine noise was considered. The
noise generated due to airflow over the fuselage was not
considered. Howevér, these assumptions are not restrictive in this
case becguse during the anlaysis the measured interior levels were
used, The measured levels; of course, contain the contributions
from all these scurces, Also the structure~borne noise from the
engine into the interior through the fuselage structure was assumed
to he mu;:h less compared to the noige through the airborne path.
This will be the case when the engine isolators have adequate
attenuation at the audio fféquencies. The lack of prominant
discrete tones in the measured spectrum {Figure 2.2) jﬁstifies this
assumption. Under these conditions the classical sound transmission
loss theory could be applied, Had any of these assumptions been
violated, then the predicted interior levels with the treatment
would not be achieved,

The final result of this design procedure was the prediction of
the interior noise level for a given weight penalty. The following

steps were involved in the design,
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Calculétion of theoretical transmission loss of untreated.
aircraft., Here the aircraft was treated as a monocogue
ghell, and the eguations derived in Reference 51 wexs used
to ébtain the transmission loss values,
Calculation of additional transmission loss of the
exigting treatment. This is the minimal treatment used in
the prototype aircraft, essentially for thermal
insulation.' This treatment was present when the interior
noise level measurements were made, To calculate the
transmission loss, the theoretical model described in

Chapter 6 was used. 1In this case the treatment consisted

essentially only of insulation.

Selection of additional treatment., The proposed
treatments consisted of fiberglass insulation or leaded
vinyls, Several densities of leaded vinyl and several
thicknesses of fiberglass insulations were used, A total
of 40 combinations were initially considered. Tables 9,1-
9.4 list some of the treatments considered,

Calculation of additjonal transmission loss of the
proposed treatment, Once again, this was done using the
program in step 2 above.

calculation of the difference in transmission loss (1T1.).
This additional transmission loss is calculated by
subtracting the transmission loss obtained in step 2 from

transmission loss of step 4.
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Pable 9.1: Summary of Treatments: Region I

Location: STA #157-#217

Predicted Interior Sound Pressure Levels

Treatment Without Absorption With Absorption Wt Penalty
# Description DEL DBEA BSIL DEL DEA PSIL {1b}
22 3" 5 20 92,9 84,7 76.7 92.6 78.5 T0.1 10
23 3" + 40 92.7 83.7 75.7 92.5 77.8 £9.0 17
12 3" + 60 92,6 83,5 75.2 92.4 77.3 68.5 24
24 2" + 20 + 1™ + 20 92.8 82.8 .7 92,6 77.2 65.6 17
25 2%+ 20+ 19 + 40 92,6 81,5 70,6 92,4 75.9 4.8 24
13 2" 4+ 20 + 1" + 60 92.5 80.9 69.9 92.4 75.4 64,3 3
14 2" 4+ 40 + 1" + 20 52.5 79.2 68,0 92.4 74.2 "63.0 24
26 2" + 40 + 1" + 40 92.4 78.8 67.7 92.4 73.8 62.8 31
15 2" + 40 + 1" + 60 92.3 77.9 66,8 92.3 72.8 62.1 38
27 2" + 60 + 1" + 60 92.1 75.9 64,7 92.3 71.3 60.5 45
16 2" + 80 + 1" + 80 92.1 75.3 63.4 92.3 71.1 59.3 59
17 2" #7120 +#1" +120 91,9 71.8 ° 61,0 92.0 6B.1 57.3 87
29 20 + 3" + 20 92.58 82.4 74.4 92.2 75.4 67 17
Ely 40 +°3" + 40 92.3 79.9 71.8 92,1 73.0 64.4 31
3 80 + 3" + 60 92.1 77.9 69,9 92,0 71.0 62.5 45
32 80 + 3" + 80 92.01 76.4 68.4 92.0 69.6 61.0 59
33 120 + 3" + 120 82,0 74.1 65.9 92.0 67.6 58.56 87
34 60 + 2" + 80 92.1 77.3 69,3 941.1 70.5 61,9 52
35 40 + 3" + 80 92,2 79.1 71.1 92.1 72.2 63.7 45
36 1" + 20 + 27 ) 93.3 84,2 73.1 92.3  77.4- 65.7 10
37 . 1" + 20 + 2™ + 20 92.8 83.0 7.8 92.2 76.2 64.6 17
38 1" +40 + 2" + 40 92,3 78.9 67.7 92.1 2.5 61.6 3N
39 1" + 680 + 2" + 60 92.3 78.2 €66 92.1 72.2 60,7 45
40 1" + B0 + 2™ + 80 92.1 75.0 63.5 92.0 69.4 8.8 59
41 1" +120 + 2" +120 91.9 72.0 61.1 91.93 67.0 57.2 87

Remark - Treatment Degcription:

1" + 120 + 2" + 120 means a four-layered treatment, with the layers in
this order: one inch of fiberglass, 120 0z/yd? of leaded vinyl, two inches of
fiberglass, followed by one more sheet of 120 oz/yd2 of leaded vinyl. These
layers were placed between the skin and the trim panel,
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Table 9.2;: Summary of Treatments: Region IT

Location: SPA #217-#272

Predicted Interior Sound Pressure Levels

Treatment Without Abgorption with Absorption Wt Penalty
# bPesgeription DEL DBA PSIL DEL DBA PSIL {1b)
a2 3"+ 20 94.5 87.6 79.4 93.4 81.6 72.9 9.5
23 3" + 40 94.1 86.6 78.4 93,2 80,6 71,8 16,0
12 3" + 60 : 23.9 86.3 78.0 93,2 80,3 7i.4 22.5
24 2" 420 + 1" +20 94.5 " 85.0 74.3 93,5 80,6 68.1 16.0
25 2" 4+ 20+ 1" + 40 94,0 84,7 73.5 93,2  7%.3 67.1 22.5
13 1" 4+ 20 + 1" + 60 93.8 84.1 72.8 93.1 78.8 66.5 29,0
14 2" + 40 + 1" + 20 94,0 83.4 72,2 93,3 78,6 65,5 22,5
26 2"+ 40 + 1" 4+ 407 93,8 82,9 70.8 93,2 78.1 65,2 29,0
15 2" +# 40 + 17 + 60 93,5 81.8 6£9.9 93,1 77.0 64.5 35.5
27 2%+ 60 + 1" + 60 93.2 9.5 67.5 93.0 75.0 62.6 42.0
16 2" + 80 + 1" + 80 93.1 78.6 65.8 92,89 74.4 61.4 55,0
17 2% #4120 + 1% +120 92.8  75.4 63.1  92.8 71.7  59.2 81.0
29 20 + 3" + 20 93.7 85.2 77 92.8 78.3 70.0 16.0
30 40 + 3" + 40 93,2 82,7 74,5 92,7 75.8 67,3 29,0
31 60 + 3" + 60 92,9 80,7 72.7 92,6 73,9 65,3 42,0
32 80 + 3" 80 92,7 79.2 1.1 92,5 72.5 63,8 55.0
33 120 + 3" +120 92,6 76.9 68,7 92.5 70.3 61.3 81.0
"34 60 + 3" + 850 92.8 80.1 72.1 92,6 73.3  64.7 48,5
35 40 + 3" + 8O 93;1J 81.9 73.8 92.7 75.0 66.5 42.0
6 1"+ 20 + 2" 94.7 87.1 75.9 93,2 80,5 68.5 9.5
37 1"+ 20+ 2" +20 94,3 85,9 74.6 93 79.3  67.3 16,0
38 1" + 40 + 2" + 40 93.5 82.5 70.B 92,8 76,3 64.0 29.0
39 1" + 60 + 2" + 60 93,7 82.% 69.3 92.8 76.8 63.2 42.0
40 1" £ B0 + 2" £ 80 932.0 78.7 _ 66.4 92,6 72.9 50,9 55.0
41 1" #1120 + 2" #1120 92,6 T75.4 3.5 92.5 70,0 58.9 81.0

Remark - Treatment Description:

1" + 120 + 2" + 120 means a four-layered treatment, with the layers in
this order: one inch of fiberglass, 120 oz/yd? of leaded winyl, two inchea of
Fiberglass, followed by one more sheet of 120 oz/yd2 of leaded vinyl. These
layers were placed between the skan and the trim panel,
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Table 9.3: Summary of Treatments: Region III

Location: STA #272-#342

Predicted Interior Sound Pressure Levels

Treatment Without absorption With Absorption Wt Penalty
# Description DEL DBa PSIL DBEL DEA PSIL (1)
22 3" + 20 . 95.7- 91 81.3 93.2 85,3 75.0 113
23 3" + 40 95 90.1 80.3 92,7 84,3 73.8 19
12 3" + 60 94.7 /9.3 79.9 92.5 B4.0 73.3 27
24 2" 4+ 20 + 1" + 20 97.0 91.9 76.6 93.9 86.5 70.4 19
25 2" 4+ 20 + 1" + 40 95.9 90.6 75.6 93,2 85,2 6%.6 27
13 2" + 20 4+ 1" + 50 95.5 50.0 74.9 - 93,0 84.6 69,1 35
14 2" 4+ 40 + 1" + 20 95.6 89.0 73.1 93,2 84.0 &8,0 27
26 2% + 40 + 1" + 40 95.2 88,5 72.8 93,0 83.6 67,7 35
15 2" + 40 + 17 + 6O 94.4 87.3 71.9 92.5 82.3 67.0 43
27 2" + 80 + 1™ + 60 93.3 84,5 68.6 92.0° 79.8 65,1 48
16 2" + 80 + 1" + 80 93.0 83.4 68.1 9.9 79.0 63.8 &7
17 2" #120 + 1" #7120 91.9 79.7 65.6 91.3 75.5 61.3 99
29 20 + 3" + 20 94.4 58,9 79.0 91.9 82.1 .7 19
30 40 + 3"+ 40 93,2 €6.3 76.5 91.4 79.6 69,2 35
31 60 + 3" + &0 92.4 B4.5 74.5 91.1 77.8 67,3 48
3z 80 + 3" + 80 91,9  82.9 . 73.0  90.9 76.3 €5.7 &7
33 120 + 3" + 120 91.4 80.6 70.6 290.8 741 63,3 9%
34 60 + 3" + 80 92.1 83.8 74.0 ?M1.0 771 66.6 56
35 40 + 3" + 80 92,8 85,6 75,8 9M.3 78,9 63.4 48
36 1"+ 20 + 2% " 97.5 83.0 77.9 93.5 86.4 70.6 .11
37 1" 4 20 + 2™ + 20 96,6 51.8 76.7 93.0 85,2 69.5 19
38 1"+ 40 + 2" + 40 94,7 £8.,3 72.8 2.1 82,0 66,5 35
39 1™ - 60 + 2% + 60 95.3 88,9 71.2 92.4 82.7 63.5 48
40 i® + 80 + 2" + 80 93,0 84.0 68,5 91.4 78.2 63.4 67
41 1% +120 + 2" +120 9.8 80.6 65,9 20.9 74.8 61.4 99

Remark - Preatment Desgeription:

1" + 120 + 2" + 120 means a four-layered treatment, with the layers in
this order: one inch of fiberglass, 120 oz/yd of leaded vinyl, two inches of
fiberglass, followed by one more sheet of 120 oz/yd? of leaded vinyl. These
layers were placed between the skin and the trim panel,

294



ORIGINAL PAGE ig

.DATA PROPRIETH

OF POOR QUALITY TO.
. CESSNA
Table 9.4: Summary of Treatments: Region IV
Location: STh #342-#368
Predicted Interior Sound Pressure Levels
Treatment Without absorption With Absorptien Wt Penalty
# Description DEL DBA PSIL DBL DBEA PSIL {1b)
22 3" + 20 98,0 93.2 82.7 94,9 87.8 76.1 3.5
23 3" + 40 97 .1 92.3 81.6 94.3 86.9 75.1 6.0
12 3" + 60 96.8 92.0 81.2 94.0 B86.5 74.7 8.5
24 2F 4+ 20 + 1" + 20 99.5 94.4 78.0 96,0 89,2 71.6 6,0
25 2" 4+ 20 ¥ 1" + 40 98,0 92.8 76.9 894.7 87.6 70.7 8.5
i3 2" & 20 + 1" + 6D 97.9 92,8 76.2 94 .8 87.5 70.2 11.0
14 2" + 40 + 1" + 20 98,8 92.8 74.7  93.6 88.1 69,3 8.5
26 2" + 40 + 1™ + 40 98.4 92.3 74.3 95,3 87.6 69,0 11.0
15 2% + 40 + 1" + 60 '95.7 97.5 73.4 94.5 86.4 68.3 13,5
27 2" + 60 + 1" + 60 96 .1 88.8 71.0 93.8 84,4 66.4 16.0
18 2" + 80 ; 1" + 80 96.5 83,9 69.5 - 94,t 84,7 65.2 21.0
17 2" +120 + 1" +120 93,7 84.4 66.9 92.3 80.3 62.9 31.0
29 20 + 3" + 20 97 .1 91.8 80.4 93.4 85.3 73.1 6.0
30 40 + 3" + 40 94.8 88.6 77.9 92.1 82,2 70.5 11.0
31 60+ 3" ¥ 60 93,7 86.9 75.9 91.5 80,5 68.6 16,0
32 80 + 3" + 80 923.0 85.4 74.4 91.2 79.1 67 21,0
33 120 + 3" + 120 92.2 83.3 71.8 90.9 T7.3 74.6 31.0
34 60 + 3" + 80 93.4 86,3 75.3 9.4 72.9 68.0 18.5
357 40 + 3" + BO 94.3- 87.9 7741 91.8 B1.5 69.5 16.0
36 1" + 20 + 2" 100 95.2 79.3 95.3 88.8 72.0 3.5
37 1" + 20 + 2" + 20 98,5 94,0 78,0 94.5 87.6 70.8 6.0
as 1" + 40 + 2™ + 40 97 .4 91 .5 74.3 93.6 85.5 677 i11.0
39 1" + 60 +°2" 4+ 60 98,5 92.7 72.9 94.3 86,7 57.0 16.0
40 1" + 80 + 2" + 80 95.4 B88.2 70.0 92.4 B2.4 64.7 21,0
41 1" +#120 + 2" +120 93.5 85,0 67.3 91.5 79.3 627 31.0

Remark - Treatment Description:

this order:

1" + 120 + 2" + 120 means a four-laysred treatment, with the layers in

one inch of fikerglass, 120 oz/yd? of leaded vinyl, two inches of

fiberglass, followed by one more sheet of 120 oz/yd2 of leaded vinyl. These
layers were placed between the skin and the trim panel.
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Correction for structure-borne path. Even though the
structure~-borne noise from the engines through the
fuselége structure was neglected, the effect of the noise
transmission through sidewall (for example, improper
isolation of trim panel from skig) could not be
neglected, Several studies (References 9, 23, 25, 39, and
47} have shown that in practice, the predicted
transmission loss of double-wall panels is seldom
achieved., 1In order to account for this, only 50% of
theoretically calculated values (in decibels) were assumed
to be effective, While this figure of 50% is based on
judgement, the tests on the exXisting aircraft (see
Appendix P) had indicated that for small differences in
transmission loss values (due to treatménts), this figure
was not'unreasonable.

Calculation of additional noise reduction (NR)'due to
increased absorpﬁion. The absorption coefficient of the
interior noise would increase when the intriér was
furnished., This increase is due to the increased
absorption of the trim panel, seating, carpet, head
liners, etc. This increase_in noise reduction can be
calculated from Eguation 8.1.

Calculation of total noise raduction due to treatment,
This is the sum of transmission loss obtained in step 6

and noise reduction cbtained in step 7.
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9. Calculation of predicted interior noise spectrum, This 'is
ocbtained by subtracting the noise reduction due to
treatment from wmeasured noise levels,

10. cCalculation of overall levelsg., From the predicted
spectrum, the Frediéted overall levels are obtained by
integration,

11. Calculation of weight penalty. From the propertiss of the
materials used in treatment and the total area of
treatmené, the weight penalty for each area was
calculated,

These steps are shown as a flow diagram in Figure 9.3. The
actual calculation was done by three programs. The transmission
loss of monocoque shell {Reference 51) was coded into a program (by
Gary L. Blankenship at Cessna Aircraft Company and by Jaap Laméris
at the KU—FRL)_in Fortran language. This program closely follows
the equations in Reference 51 and in this case was used to obtain
the untreated sound transmission loss, The second program
calculated the additional transmission loss across a muitilayer
panel, This program was similar to.the one given in Appendix B.
The program (written by the author) used HP 9845B Basic language,
The only difference was that the impedance of the skin panel was
calculated from the values of transmission loss calculated from the
first program. The impedance model with Single Degree of Freedom

(SDOF} was used from Reference 27.

2
P -
= 1)
TL = 20 log |1 + % (9.1)
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9
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Figure 9.3:
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1+ =2 | = 10 (9.27,
2pc
vhere T, = Transmission loss
pc = Impedance of air
ZP = Impedance of panel having only one mode.
For a panel of only mode,
W,
= + Joo - = (953)
ZP 2zw M Joml1 (m )] ’
where z = bamping ratio
w, = Angular natural frequency
M = Mass of panel per unit area
w = Angular frequency.
For small damping ratio,
“n, 2
ZP = Jum[1 - (:r4 1 {9.4),

ZP is only imaginary. The absolute value of the ZP was found
from 9.2, and it was considered to he entirely imaginary. This
value of the impedance was then used for the calculations. For the
trim panel, simple mass law was used., For a limp panel, the
impedance (ZP) is given by

Zp = Jum . (9.8),
where w is angular frequency and M is mass per unit area., The rest
of the program is the same as the program described in Chapter 6.

The average absorption value was calculated by using the

equation {Reference 9),
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A g e = (2.6),
where s = average interior absorption coefficient
a, = absorption coefficient of seat, trirﬁ, etc,
5; = Area of treatment for seat, trim, etc.

S = Total area.

These values were then used in a program to calculéte.the
interior spectrum and the overall values. This program was written
in Time Series Language (TSL™) in PDP 11/40 at Cessna Aircraft
Company and in Fortran at the KU-FRL. The driver routine in Fortran
is given in appendix F. The actual program used for the analysis
was in TSL. These routines are similar to the integration routines
described in Chapter 10, A listing of those routines is given in

Appendix F.

9.3 CALCULATIONS

The interior noise control treatment was designed for cruise
cendition of 35000 f£t/0.8 M. The input temperature and pressure
corresponded to the standard atmospheric conditions at this
altitude, The output from the monocogue shell program is given in
Table 9,5, The transmission loss, due to the existing treatment at
the time of initial measurement was calculated using multilaver
program,. The treatment consisted of fiberglass layer for thermal
insulation and a thin trim material. The results are shown in Table

9.6, Next, a set of treatments was selected. These are shown in
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Table 2.,5: ® Transmission Loss, Untreated Fus"elage CESSNA
Frequency Transmission Loss
. (Hz) (as)
920 5.7
100 7.9
150 11.2
200 13.3
300 16.6
400 18.8
500 20.6
600 22,0
700 23.3
800 23.8
900 20.5
1000 25.5
1500 29.6
3000 35.5
4400 38.8
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additional
‘Frequency Transmission Loss
{Hz) i {aB)

20 10.7
100 9.7
150 8.0
200 - , 5.0
300 =7.7
400 8.8
500 14.5
600 17.8
700 20.1
800 21.9

- 900 23.6
1000 25.6
1500 32.6
3000 49.3
4400 57.8
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Tables 2.1-9,4 for the four areas considered, For each treaéﬁegt T

the multilayer program was run, The inpot data for this program

were the untreated transmission loss values and the properties of

the treatment materials. The input details for the treatments were

the same as described in Chapter 6; i.,e,, surface ﬁensity for trim

panel and septum and the resistivity, porosity, density and depth

for fiberglass insulation. Because porosity and resistivity of the

fiberglass being used was unknown, the values of PFi105 material were

used, The same values were used in the noise level prediction

programs described in References 23 and 24. The results of one such

run are given in Table 9.7. These results were obéained for each

treatment, Additional transﬁission loss values were calculated by

subtracting the transmission value of the existing treatment and

multiplying the resulting wvalues by G.5.

The average abgorption coefficient was calculated using

Equation (9.6). The absorption areas considered were divider,

ceiling (or head liner), sidewall above the armrest, sidewall helow

the armrest, and seats. The values of absorption coefficient for

these areas were found either from unpublished data at Cessna and

the KU~-FRL, from manufacturers' data or from experimental values

published in Reference 23, The absorption areas were calculated

from the drawings of aircraft, Table 9,8 gives the average

calculated absorption coefficient as a function of frequency. The

total area of the interior was estimated to be 320 sq ft. The

details of the calculation are available in Reference 52,
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additional

Freguency Transmission Loss

(HZ)- (aB) )
90 15.0
100 12.5
150 -8.6

200 14.3 |

300 24.8
400 29.2
500 31.5
600 33.1
700 34.9
800 37.8
900 43.5
1000 45.8
1500 *55.0
3000 74.9
4400 85.4
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Average Abscrption

Freguency Coefficient
{Hz) ———

125 N .13

250 .20

500 «36

1000 .45

2000 .51

2500 .50

3000 .54

4000 57
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(CE:S S-N'%oth additional transmission loss and absorption values were

.input into the third program, to obtain the expected levels, A
typical output is shown in Pigure 9.4, These results are ;ummarized
in Tables 9.1-9.,4. Also shown in Tables 9.1-9.4 are the expected
values with a new absorption material, This material was one-inch
sound foam with perforated vinyl. The vinyl was 12 wmil, thick. For
calculation purposes this was assumed to be applied cn most of the
exposed areas. For each of these treatments, the weight penalty was
calculated by multiplying the surface density of the treatment and
multiplying the area of .treatment, Then the results are plotted for
four regions, as shown in Figure 9.5.

The four regionsg congidered in this analyasis were arbitrary.
There were no dividers between fégions 1, 2, and 3. There was a
divider between regions 3 and 4 which could be closed, The‘levels
in one of the regions would therefore determine the levels in the
.rest of the cabin, Hence for optimum results, the treatments should
be so selected as to yield nearly the same interior levelsg. These
treatment selections were termed "treatment strategies,” For a
given weight penalty one treatment strategy could be selected. One
such strategy drawn for 130 1lbs is given in Figure 9.6. Several

such strategies, each corresponding toc one given weight, were érawn

up,
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LA D

From the results shown 1n Tables 9.1-9.4, it was seen that

* -
1

equally dividing the total leaded vinyl and placing them next to the
skin and trim offered at least theoretically optimum results. This
was because the trim panel used was nearly as heavy as the 0,032
inch aluminum skin. Also it was seen that treatments with three
inches of fiberglass material were better than treatments with two
inch fiberglass material of the same weight deﬂsity. Even with
these treatments increased absorption tended to reduce dBA and
three-~octave band averages. This s significant because the two

) guantities indicate the energy above 500 Hz still contributes
significantly to the overall interior levels,

out of all these treatments, as an initial attempt, a treatment
with 113 1lb weight penalty was chosen: No special absorption
material was installed. Figure 9.6 shows the selected treatment
strategy. The treated aircraff was flown at 35000 £t, and the
interior noise levels were measured by Cessna acoustic personnel at
the same four locations. Figure 9.6 shcws the levels aé the four
locations.
Table 9.8 compares the overall measured values with the

predicted values, The predicted dBA values with the absorption
material was 80 dBA. throughout the cabin., As can be seen from Table

9,8, the predicted and expected values agree very well indicating
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3 * FIBERGLASS & 20 0Z/SQ YD
LEADED VINYL :
T B4.7 | 78.5 | 10
20 0Z/SQ YD LEADED VINYL + 3° FIBERGLASS
+ 20 0Z/SQ YD LEADED VINYL
Ir . ' gs.2 | 78.3| 16
40 0Z/SG YD LEADED VINYL + 3° FIBERGLASS
-~ +40 0Z/SQ YD LEADED VINYL 6.3 | 9.6 35
80 0Z/S8 YD LEADED VINYL + 3" FIBEAGLASS
v +80 0Z/5Q YD LEADED VINYL o5 4| 794 | 21
AFT PA SAME AS REBION IV - = 315
BULKHEAD
a%  WIMTOUT ABSCARTION WETGHT OF ABSORPTIVE MATERIAL 16

b¥  WITH ABSORPTION
TOTAL WEIGHT 129.5

&5 &

| | .
00000
T ' I R\

I

Figure 9.6: A Typical Treatment Strategy
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Figure 9.7: {continued)
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DATA PROPRIETARY

]r() T Table 9.9: Comparison between Measured and

CESSNA Predicted Interior Noise Levels

sound Pressure Levels (dBA)

Predicted Values Measured Values

Region
Without Absorption Wwith Absorption 35000 ft 41000 £t
I 84.7 78.5 82.3 - 82.8
II 85.2 78.3 83.4 83.7
III 86.3 79.6 g85.8 83.7
v 85.4 79.1 - 86,0 85.9
Remark:

) During tests, the aircraft did not have 16 lbs of absorptive
material,
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DATA PROPRIET,
. TO
CESSNA
most of- the assumptions made were reasonable, This design procedﬁre
can serve as a starting point for the control of interior noise in a
new aircraft.
This agreement should be viewed with caution. It is possible
that the agreement is good because the total expected reductions
- :
were only of the order of seven to ten dB. The author feels that if
the initial choice of treatment weight had been large, say 200 1b,
the agreement would have been }_;oor. The reagon for this is the
initial assumptions. With such a heavy treatment the contribution
of the sound radiated from the sidewall would have become small
compared to that from other sources such as transmission through
windows, internally produced sound {(i.e., air-conditioning ducts,
etc,), Hence these sources would determine the interior sound
levels, 1In this treatment design no attempt had been made to
account for these sources. This was confirmed by the engineers at

Cessna Alrcraft Company. The method suggested in this chapter

offers a good initial design procedure.
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CHAPTER 10

COMPUTER PROGRAM TO TROUBLESHOOT HIGH INTERICR NOISE LEVELS

10,1 INTRODUCTION

all aircraft of the same type receive similar acoustic
treatment, Bul it is not uncommon tc find some aircraft to have
higher interior noise levels than others in the same batch, In such
cases, conventional noise prediction analysis may not be of any
use. Such problems are normally solved by additiconal acoustic
treatments. This additional treatment is determined by trial and
error, From general aviation manufacturers 1t was learned that
there existed no systematic way of approaching such problems.

Iin this chapter a computer program, developed to aid the
aircraft noise control engineer in diagnosing and treating the hagh
interior noise problem, is described. The program identifies
whether the noise increase is due to discrete tones or to general
increase over a bhand of freguencies. The program can then be used
to study theoretically the effect of additional treatment on the
specturm, Finally, the effect of the treatment on the overall
linear, A-weighted and speech interference levels is calculated. 1In
phe subsequent sectionsg, the details of the program, includaing the

equations used, and typical outputs are discussed.
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10.2 COMPUTER PROGRAM

The computer program was written in Time Series Language (TSL™)
of Gren Rad Corporation., fThe reasons that dictated this choice of
language are 1) it is fast and easy to operate, 2) it is an
interactive language, 5) it has extensive graphics capabilities, and
4) it is specifically designed for time series aéplication. TSL was
available on PDP-11/40 system operating on RT-11 operating system
"with 4014 type Tektronix graphics terminal, at Cessna Aircraft
Company. Also, the interior noise levels of the aircraft at Cessna
Aircraft Company were analyzed on this system and the input data
were available in a format compatible with TSL.

The listing of this program is‘given in Appen&ix F., It is
divided into four parts:

1. ‘Read input data and set up for further processing.

2. Problem-identification:

a. Effect of varying a discrete tone leavel

b. Effect of varying the level over a band of frequency,
3. Preatment:

a. Effect of adding mass

b, Effect of increasing stiffness

c, Effect of the use of dogble wall

d. Effect of increasing internal absorptioq

2. Effect of adding fiberglass insulation
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f. Effect of adding any treatment whose additional
transmigsion loss is known as a function of
frequency.

4, Output:

a. Calculation of overall linear level

b. Calenlation of overall A-weighited level

c. Calculation of speech interference level

d. Display of interior noise spectrum with and without
treatment.

This program has considerable flexibility built into it. For
example, the effect of more than one treatment can he studied at a
time. The program is interactive, user friendly, and menu driven.
The flow chart of the program logic is given in Figure 10.1. FEach
treatment is covered in one subroutine in the program. These

treatments are discussed below.

10.2.1 EFFECT OF A DISCRETE TONE

The effect of varying the level of one or many discrete tones
by a specified amount on the overall levels can be studied using the
subroutine called SPFREQ. This routine can be used for studying the
effects of structure-borne noise or the effects of engine or
propeller blade passage harmonics. By comparing the discrete tone
levels with the average for the type of the aircraft, one can find
whether the increase is due to discrete tones. The first part of

this routine calls the routine PEAK, which prints the freguency
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READ INPUT PATA

"EFFECT OF EFFECT OF BAND EFFECT OF
DISCRETE TONE . OF FREGUENCY TREATMENT

CALCULATE OVERALL
LEVELS

_ DISPLAY

CHANGE AGAIN

STOP

Figure 10.1: Plow Chart of the Program
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values of all discrete tones and the maximum sound pressure levels
at these fregquencies., This permits easy identification of whether
the discrete toneg are high. The next part of the subroutine
changes the value at a given frequency. The user can arbitrarily
set the values of these discrete tones to any level (for example,
levels found in cther aircraft) and can calculate overall levelg;
If any peaks are changed, the adjacent values are alsc printed so

that spectral leakage, if any, can be accounted for. The user has

to change the wvalue at each fregquency.

10.2.2 EFFECT OF A BAND OF FREQUENCY

In some high interior noise problems, the increase in noise
level is over a band of freguency: for exampie, increased air
conditioning duct noise results in higher noise levels at 200-500
Hz. In such cases 1t is useful to study the contribution of a part
of the interior noise spectrum on the overall noise levels. This
will permit the user to concentrate only on the significant part of
the gpectrum during the design of the acoustic treatment. A
subroutine, BNFREQ, is incluoded. This routine changes the value of
the sound pressure levels over a frequency range specified by the
user. These values can either be changed by a constant value or set
to a constant value, After modification, integration routines can
be used to check the effect of this variation on the 'overall

interior lewvel.
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10.2.3 EFFECT OF ADDITIONAL MASS

In normal practice, the increased transmission loss is achieved
" by mass loading the treatment. -This is done by inserting leaded
vinyl sheets (of surface density 10 oz/sg yd) .between the skin and
trim panel, The effect of addition of the leaded vinyl sheets can
be studied using the subroutine called MASLAW. This subroutine uses
classical mass law to predict the increased transmission loss at
different frequencies, The following asusmptions are made in the
equation (Reference 47) used in this routine:

Te gtiffness effects are neglected.

2. The entire transmission loss is assumed to follow

clagsical-law theory.

3. The angle of incidence is normal,

4, Atmospheric conditioﬂs (speed of sound and density of air)

are assumed to be the same across the panel,

From the interior noise spectrum, the effect of the
transmisgsion loss due to the existing treatment is subtracted and
the effect due to combined {existing and additional) surface density
is added. Under the assumptions the additional sound transmission

loss at any frequency is given by (derived from Reference 47, page

297)
m(m1 + Am) 5 wn, .,
ATL = 10 log [{1 + ¢ 555 Y /{1 + (‘ip_c) }1 (10.1),
= Increased transmission loss due to additional

where AT

treatment (d4R)
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w = Circular frequency

m = Average mass per unibt area {existing; Kg/mg)
Am = Mass per unit area of additicnal treatment (Kg/mQ)
pc = Impedance of air

p = Density of air (Kg/m>)
¢ = Speed of sound (m/sec)
Thig increased transmission loss is subtracted from the

measured interior noise spectrum at sach frequency to obtain

modified interior noise spectrum,

10.2.4 EFFECT OF ADDITIONAL STIFFNESS

The stiffness of a sidewall or window is an important parameter
in the control of low-frequency noise (RrReference 4). In the
stiffness—controlled region the sound transmission loss can be
increased by increasing the stiffness of the panel. FPor-example,
such a treatment may be recommended when it is suspected that the
increased interior noise is due to the higher sound transmission
through windows., In such cases window panes may be thickened, which
would mean an increased stiffness as well as mass. A subroutine
named STLAW 1is included in the program; this subroutine calculated
the effect of this additional stiffrness and mass orn the interior
noise spectrum. The following assumptions were used in deriving the

equations used in subroutine STLAW:

1. only single degree of freedom model is used.

2. angle of incidence is normal.



3. Atmospheric conditions are the same across the panel.

The single degree of freedom model was chosen because of the
limitations of TSL in handliné variables and the requirement of
speedy results, Also reguired will be a knowledge of the
fundanental resonance frequency and damping ratio of the panel
before and after change and other atmospheric conditions. Under the
above assumptions, the increased sound transmission loss across a

panel or window is given by (Reference 27, Equations 8 and 10)

2pec + sz
where ATI, = Increased transmission loss due to additional

stiffness

K

@ = Circular frequency (rad/sec)

p = Impedance of air

i

c = Density of air
Zp = Impedance of panel,
Subscript “1“ denotes the value before change, and subscript

"2“ thie- value after change., The impedance of the panel-or window is

calculated using single degree of freedom model

Zp = 2CZwm + jem{l - GEE)Z) ’ {(10.3)
D o+ =) _ 3),

]

where g = Damping ratio

w = Circular frequency (rad/sec)

m = Mass per unit area
w, = Natural frequency (rad/sec)
j=m-.
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The increased transmission loss values are then subtracted from
the measured interior noise spectrum at each frequency to obtain the

expected jinterior noise spectrum.

10.2.5 THE EFFECT OF THE USE OF DOUBLE WALL

Double-wall structures are sometimes used to obtain increased
high—freéuency sound transmission loss, However, at low freguencies
the use of a double wall does not have any effect. The program
contains an option where a double-wall structure can be used in
place of a single-wall structure. For the purpose of calculation,
it would be assumed that the data available is with a single-layer
sidewall. Ralso, for simplicity it is assumed that the added wall
has the same surface density as the existing skin. This can easily
ke changed if required. This can also be used to study the change
in the interior noise levels, as the spacing between the walls is
varied. The following assumptions are made in the calculations
using this subroutine (PUBWAL):

1. The sidewall before treatment is a single wall layer.

2. The additional wall has the same surface density as the

skin.

3. Only mass loss effects are considered.

4, It is assumed that the atmospheric conditions do not

change between two sides of the wall.
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Under these conditions the increased sound transmission loss of a
double wall over the existing single wall can be derived from

-equations given in Reference 47 (page 312), as

2
. wm_cos” ¢ {om
_ s wd cosé 1 s . wd cosp 42
ATI, = 10 log[1 + ™ {cos( o 5 cos¢ 5 sin 2 141
wmscos¢ 5
- 10 log 1 + (—_épc—) ] ~(10.4),
where ATL = Increased transmission loss due to the double wall cover

the existing single wall

w = Circular frequency

¢ = Angle of incidence is set to normal by statement 250 of
Subroutine DUBWAL., }or any other incidence the cosine
of the angle should be in R3.

m, = Mass per unit area of the skin

pc = Impedance of air

p = épeed of sound between wglls

- .

Spacing between walls.
The increased transmission loss values calculated using Equation
(10.4) is then subtracted from the measured interior noise spectrum at

each frequency to obtain the expected interior noise spectrum after

treatment,
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i0.2.6 EFFECT OF INCREASED ABSORPTIOCHN

The increase in internal absorption will decrease the reflected
energy of the sound waves from the sidewall, thereby decreasing the
interior noise lewvels. The increased absorption will be wuseful If the
cabin is made of highly reflective hard surfaces. Included is
Subroutine ARS, which would calculate the additional noise reduction due
to increased absorption is included., ©No detailed calculations are
included within the program. BApproximate knowledge of pretreatment
absorption values is needed to use this subroutine, Three different
absorption-vs—-freguency tables are available, fThe first is based on
exXperimental results published in Reference 23. The second and third
use the absorption coefficients for noise control materials published in
rReference 48, Practice shows that these values are very optimistic.

Once one of these options is selected, the increased noise reduction is

calculated from

SCtu
MR = -10 log |—] (10.5),

SCtt

where ANR additional frequency at frequency E.
s = Averadge surface area of treatment assumed to be the same

before and after treatment

Rl
1l

Average untreated absorption cecefficient at frequency £

Average treated absorption coefficient at frequency f£.
The additional noise reduction due to increased absorption is then
subtracted from the measured interior noise spectrum to obtain the

expected interior noise spectrum. The absorption coefficients are
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stored in ABSLO.TAER and ABSHI.TAB., These tables of absorption vs
frequency can be modified to include known values of new absorption

materials.

10,2.7 EFFECT OF ADDITIONAL, FIBERGLASS INSULATION

¢

The mechanism of sound transmission through fibergléss insulation
is different from that through simple sound barrier material, Reference
9 discusses the mechanism of sound transmission through insulation
material. Chapter 5 discusses the exXperimental effect of f;berglass
insulation observed, The propagation of sound through the materiai
results in two types of losses: 1) the reactive }osses associated with
the imaginary part of the propagation constant, and b) the resistive
losses associated with the viscous losses in the material., The effects
of these two logsses are discussed in Chapter 6 and are taken into
account in th; computer program discussed in that chapter. Hoﬁever, a;
can be seen, the calcuiated transmission loss values are seldom realized
in practice. Becauge of thig, in the subroutine TTL2, which calculates
the effect of fiberglass insulation, only the resistive losses are
included. This greatly simplifies calculation because it does not
account for the reactive losses. The resistive losses due to added

fiberglass are calculated by (Reference 9)

ATL = od (10.6),

where o = Real part of the propatation constant;

d Thickness of the fiberglass layer,

_The resistive part of the propagation constant is a complex function of
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frequency, porosity, resistivity and other material properties.
Reference 47 {page 270) gives the values of typical materials used in
the aircraft industry. (These values are still used, as can be seen in
Reference 23). At present, three options are available for users. The
first option is a curve containing the values as published in Reference
47, Figure 2,22, for the pfi05 type fiberglass. The other two are
slightly modified wversions of the first option, to have higher losses at
lower frequencies and lower losseés at higher frequencies, These two o
vs—freguency curves can be replaced by known a-vs-frequency curves of

any other fiberglass material,

10.2.8 EFFECT OF KNOWN TREATMENT

In addition to the above treatments, a separate subroutine, TTLI,
is included, where a user can input known increased transmission loss
values as a function of frequency. This table can be obtained from a
more sophisticated analysis which i1s not possible using TSL. This
subroutine will prompt the user for a table of frequency vs additiocnal
transmission loss. This subroutine calculates transmission loss values
at intermediate freguencies by linear interpolation. The subroutine
then simply subtracts this value from the interior noise specturm at

each frequency value.
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10.2.9 CALCULATIONS OF OVERALL LEVELS

The linear overall levels of both modified and unmodified spectra

are calculated using the energy sum method:

N (sPL,)
0SPL = 10 log ) (10 ) (10.7),
i=1
where OSPL = Overall sound pressure level
$PL; = Sound pressure level of filter i

N = Number of filters.
A-weighting of sound levels is performed electronically in sound level
meters to approximate the loudness level sensitivity of the human ear
when listening to pure tones (references 9, 39 and 49).

Reference 39 (Table 4.%1) gives in a tabular form the electrical
weighting network responses at various frequencies, In this computer
program, a curve was fitted through these points ané this approximate
equation: .

ASPT, = -,8345 f%'+ 10.07 f3 - 55,73 f2 + 160.7 £ - 184.8
(10.8).
This curve does not deviate from the values of Reference 49 by more than
0.05 dB. The comparison with sound level meter readings indicates this
equation is invalid within 0,1 dB overall. At each frequency this
response is added to the interior levels. Once again the overall levels
are calculatedxpsing Equation 10.7.

Thé‘speech interference level is a simplified methed of quantifying

noise in terms of its interfering effect on speech communication

{Reference 49). The speed interference level is calculated from the
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arithmatic average of the sound pressure levels of 500, 1000, 2000 and
4000 Hz octave pands, These values should be used in conjunction with
Table SII~I in Refergnce 49 to indicate conversing distance over which
speed is satisfactorily intelligible {corresponding to an articulation
index of 0.,4)., When only the octave bands at 500, 1000, and 2000 Hz are
used, the level obtained is called the "preferred spsech interference
level™ (PSIL). Becaunse normal narrow band analyzers are constant
bandwidth analyzers and not proporticnal bandwidth analyzers, a routine
was written to calculate octave band levels. oObviously, the input data
should have values of at least up to the higher band edge of 4000 Hz for
calculating SIL. However, the general aviation interior noise 1s low-
frequency dominant. Hence the noxrmal analysis is done only up to 5000
Hiz. Therefore, this program uses preferred speech interference levels.
Finally, depending upon the user input, either the modified
spectruum, the unmodified spectrum or both the spectra are output
graphically using TSI XDISFL subroutines, The overall values ares also

indicated within the display area,

10.3 USE OF THE PROGRAM

This program needs less than 64 K memory, To use this program, the
interior noise levels of the noisy aircraft should be measured and
recorded on tape. To use this program in TSL, this recording should be
analyzed using TSL and output in TSL Fformat using BLKOUT command. This
program is loaded from TSL STANDBY mode (>) by typing

LOAD "MSYNTH.ERN'
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http:MSYNTH.RN

LOAD 'BLKIN'
LOAD 'XDISPL’
The program is ngCutéd by typing
SYNTH 'DEV:FILNAM,EXT'
where DEV:FILNAM.EXT is the data file containing narrow band data.
Thereafter the options are presented to the user as a series of meﬁus.
A typical output is shown in Figure 10.2. A case study where this

program was used, is discussed in Appendix F.2.

10.4 CONCLUSIONS

This program serves as a basis for the noise control engineer to
study the effect gf various treatments on the interior noise levels,
This program is very general and hence can be used for any aircraft
noise problem, For the same reason it cannot identify the exact cause

of any particuiar problem but can indicate what each treatment can do,
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CHAPTER 11

CONCLUSIONS AND RECOMMENDATIONS

The significant “conclusions and recommendations resulting from
this research project are summarized in the following two
subsections, Additicnal insight into a particular area may be
gained by referring to the appropriate section of the Ffeport.
Overall, all of the objectives and projected technology
contributions established in Section 2.1 were generally satigfied,
The conclusicns are presented in Sectien 11.1, while Section 11.2

contains the recommendations,

11.1 CONCLUSIONS

e The broad-based approach proposed in this fesearch--i.e.,
1aboratory experimental investigation of sound transmission and
vibration characteristics of panels, use of new data analysis
techniéues, and application on actual aircraft—-providés a
gound method to solve a complex problem such as the general
aviation aircraft noise problem. The new data analysis
techniques such as acoustic intensity a&d cepstral methods
provide additional information not easily available previously

- o the noise control engineer.,
2. The results of the experimental investigation of flat and

gtiffened panels with damping materials confirm that in the

low-frequency region--i.e,, at frequencies below the
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fundamental resonance freguency--stiffness alone is the
dominant parameter. In this frequency region the curvature,
stiffeners, and depressurization have more effect than the type
and the amount of damping material. The effect of damping
material, as expected, ig high only at the résonance

frequency. The effect on the overall ncise reduction is quite
small. However, the damping tape increases noise reduction
slightly while the pressurization tends to decrease the noise
reduction in this regioeon,

The installation effects were identified as the most important
parameters on the loss factor measurements. A panel installed
in the KU-FRL acoustic test facility exhibits significantly
different loss factors than a free-free panel throughout the
frequency region. The effect of the damping material on loss .
factor, was to increase it by an order of magnitude. Since
loss factors are needed in the theoretical predictions, hkoth
loss factor tests and noise reduction tests should be done
successively, without removing the panel, for best results.
Double~wall panels exhibit significantly higher noise reduction
than single~-wall panels in the high £requency region. However,
in the low-frequency region their efficacy is low., The
stiffness of skin or trim alone controls the low-frequency
noise reduction. The effects of various parameters such as
skin, trim panel (material and density), panel depth, and

fiberglass, insulation that affect the noise reduction
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characteristics of a double wall are presented, These results

can serve as an aid to noise control engineers in the general
aviation industry.

The classical sound transmission loss model for a Qultilayer
panel is an adequate approximation to analyze the noise
reduction characteristics of double-wall panels tested at this
facility. This computer program helps in explaining-and
understanding the effects of various parameters that affect
sound transmission through such panels.

The acoustic intensity method developed for panels at the KU-

FRL acoustic test facility should serve as a valuable tool in

gtudying the sound radiation characteristics of panels

.installed in the acoustic test facility. This method will be

useful to study the effects of stiffeners and damping
materials. This type of investigation should allow closer
tailoéing of- treatment to obtain the highest reduction for
minimum weight penalty.

The cepstral method promises to be an effective method to
determine the abscrption characteristics of trim materials.
this method has not yet been fully developed. Once further
tests are performed to finalize the test procedure, this method
can be a valuable tool in choosing the interior trim material
in thé general aviaticn industry.

The application of multilayer program to actual interior noise

control design confirms the trends of the noise reduction
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11.2

Characteristics observed at the XU-FRL acoustic test
facility. It also proves that with a slight user's Jjudgement,
this model can be profitably used by the industry, as a

starting point for the control of interior noise in a new

-aircraft.

The computer program developed to study the effects_of
treatments uses the results of classical sound transmission
loss theory and results from the KU-FRL test facility. This
program presents in one single program the ability to analyze
the problem and study the effectiveness of noise control
treatments. The engineers at Cessna Aircraft Company confirm

the usefulness of such programs in noise control.

RECOMMENDATIONS

Starting with flat, bare aluminum panel at the beginning of
this project, the complexity of the test gpecimen has been
gradually increased to include parts of real aircraft. The
noise reduction characteristics of these panels are available
for use by engineers in the general aviation industry, Even
with the difference in panel sizes, it is anticipated that the
trends observed will still be wvalid.

The design procedure for interior noise control used in this
report uses classical monocogue transmission loss program
(Reference 51). However, the recommended input will be the

measured (bare fuselzage) -transmission loss across fuselage
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sections, This will increase the accuracy in prediction..
Because of the cavity effect and the random errors, a number of
tests need to be done to detérmine the transmission loss of
untreated fuselages,

The computer progrém developed for the analysis of interior
noise problems is recommended for use as is. Because of the
approximations,at times the absolute values may n;t be
meaningful, This program should be used to study the trends.
Future tests in determining noise reduction cha;acteristics
should include the effect of large panel size of the real
aircraft. The size of panels will affect low-frequency noise
reduction, Hence it is-recommendéé that a systematic study_
similar to the one for panel type structures be undertaken with
these large structures.

The noise reduction characteristics of trim panels.indicate
very wide vdriations in their sound transmission
chéracteristics; The parameters include the construction
details of base material, trim material, and other material

properties, It is recommended that the trim panels used in the

industry be studied to determine the optimum trim panel

configuration from the point of view of their acocustical -

characterigtics,
The tests with the cépstral techniques show great promise. It

is recommended that the development of this method be
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continued. The finalized test procedure should be easy and
less time consuming for routine use in the industry.

It 1s recommended that the acoustiec intensity technigque be used
to study the sound radiation pattern of stiffened panels and
treatments, The results of this investigation should be useful
in designing treatments with low weight penalty.

Finally, i’E. is recommended that the design procedure used in
this report be improved to include the analysis of very low
frequency region. This will be necessary for its use in

propeller-driven aircraft.
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APPENDIX A

DETAIL, AND CHARACTERISTICS OF THE KU-FRI, ACOUSTIC TEST FACILITY

The design and construction details of the KU-FRL acoustic test
facility have been described in Reference 20. Reference 21
describes the investigation carried out to determine the
characteristics of the test facility. Salient features from these

reports are presented below.

A.1 DESIGN 2AND CONSTRUCTION DETAILS

The test facility consists ©of two chambers: the source chamber
and the receiver chamber. The test panel is mounted between these
twe chambers, The source chamber—--consisting of a massive brick
wall, a concrete collar, and a steel box--contains nine evenly
spaced loudspeakers. This chamber can be considered to be a speaker
box. Its purpose is to support the speakers and to prevent sound
radiation to the rear and sides, It contains sound absorbing
materials to minimize standing waves, These waves can induce
undesirable speaker-sound radiation characteristics, A small
distance, about one inch, separates the test panel from the front
side of the speaker baffle, " This arrangement prevents standing
waves between the baffle and the test panel at freaquencies in the
range of interest, 20-5000 Hz. Other standing waves, parallel to
the panel and the speaker baffle, could disturb the desired

uniformity of excitation at the panel surface, The strength of
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these waves, however, is reduced by sound absorbing material, which
nearly £ills all the space between the baffle and the test panel.
The receiving chamber is an acoustic termin;tion, which absorbs
‘almost all the sound eneréy. To facilitate the installation df test
specimens between this termination and the speaker box, the
receiving chamber is mounted on wheels and rests on a steel table.
Figures A.1 and A.2 show the details. )

The test specimen size is 20 inches by 20 inches. One inch
along the edges is used to clamp the test specimen between the two
chambers, This leaves an exposed area of 18 inches by 18 inches.
This is the maximum size of the test specimen that can be tested at
this facility.

The loudspeakers caﬁ be driven by an amplified signal from a
pure.tone generator, or a frequency sweep oscillato?, a random noise
generator, or a tape recording of in-flight boundary layer
fluctuations (Figure A.3). &An egualizer is included in the sound
generation system to obtain a reasonably flat input spectrum. The
noise measuring system includes two 1/4" or 1/2" B&K microphones,
one on each side of the test panel. The output signals of the
microphones are fed to a (narrow band) real-time analyzer. The
resulting spectra are transferred to an H-8 microcomputer where they
are stored on floppy disks. The data are then transferred to the

KU=FRL MINC computer through the phone linesg, where noise reduction

curves are plotted using an HP 7225B plotter,
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The facility has a series of adaptors which are used to test
the noise reduction characteristics at different angles of
incidence. In.addition-a“tension device is available whgchvpermits
investigation under uniax;al or biaxial (tensiié) stresses, To test
the effect of pressurization on the sound transmission loss of a
panel, a depressurization system has been installed. WwWith this
system the pressure in the source chamber can be reduced. At
present all testg are being conducted at ambient temperature (68 to

72 degrees F).

A.2 CHARACTERISTICS OF THE TEST FACILITY

Several investigations were carried out to determine accurately
the characteristicé of this test facility. The results are
described in References 3 and 4. HNotable conclusions are given
below.

1. At high frequencies using a standard panel, the slope of
the noise redﬁctiéh curve obtained corresponds to that
predicted by mass law (i.e., 6 dB/octave), However,
actual measured values exceed mass law values by 3-4 dB.

2. The plane wave approximation is justified only below a

. frequency of 800 Hz at short distances from the speaker
baffle, However, this variation seems to have not much
effect on thé slope of the noise redduction curve. It is
also jystified over the entire freguency range tested (20
to 5000 Hz).iﬁ the distance from the source is at least 34

inches.
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10.

Although all the walls have been covered very carefully
with high quélity absorption material, standing waves have
not been fully prevented.

In addition, the reflections from-the sidewalls affect the
signal measured by the receiver microphone. These
reflections and the standing waves result in additional
peaks and dips in the measured spectra, when narrow-band
analysis iswcarried out.

The use of a sweep oscillator with a very slow sweep rate
is a satisfactory substitute to measure sound transmission
through aircraft structures,

Each of the nine speakers has its own frequency response
characteistics.

The effect of the possible reflections off the back panel
of the receiving chamber i; so low that it is within the
experimental scatter.

Removal of the back panel of the source chamber affects
the results below 60 H=z,

The air in the closed cavity backing the test specimen
acts as an additional stiffnegs, raising the fundamental
panel resconance frequency. For a simple panel the
analytical model gives an accurate account (within 5%
accuracy) of this effect.

The edge conditions of the test panel are somewhere

between simply supported and clamped, and this complicates



any comparison of measured and theoretical values in the
Jow-frequency region, In the high-frequency region,
presedbg of the cawvity resonances and the sound absorption
capability-of the sound absorption materials complicate
comparison of measured sound transmission with theoretical
predictioné. However, tﬂe results from the facility agree

with the results from classical transmission loss theory

when higher modes are neglected.
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APPENDIX B

MOLTILAYER SOUND TRANSMISSION ILOSS PROGRMAM
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B.1: FLOW CHART

READ DATA

ASSTIGN THE CHARACTERISTICS OF
LAYERS IN THE CORRECT ORDER

OUTPUT THE INPUT DATA
TO PRINTER

D -— AREQUENCY =
\ 1,NFREQ

CALCULATE CHARACTERISTIC
IMPEDANCE OF AIR GAP
AND FIBERGLASS LAYERS

)
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ORIGINAL PAGE 8
OF POOR QUALITY

IF

INCIDENCE
ANGLE =
RANDOM

NO

ANGLE
= 1,NANG

CALCULATE THE ANGLE OF INCIDENCE
FOR ALL LAYERS

CALCULATE THE IMPEDANCE AND
PRESSURE RATIO OF UNTREATED

SKIN

CALCULATE THE SPECIFIC IMPEDANCE
OF EACH LAYER

CALCULATE THE PRESSURE RATIO
ACROSS EACH LAYER

Y
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IF
INCIDENCE
ANGLE =

NO

"RANDOM'

NEXT
¢ — ANGLE

INTEGRATE OVER ALL ANGLES
OF INCIDENCE

CALCULATE TRANSMISSION LOSS
OF UNTREATED AND TREATED PANEL

o L NEXT
FREQUENCY

OUTPUT TO PRINTER FREQUENCY,
UNTREATED TL, TREATED TL, AND
ADDITIONAL TL DUE TO TREATMENT

OUTPUT TO DISK FREQUENCY,
UNTREATED TL, TREATED TL, AND
ADDITIONAL TL DUE TO TREATMENT
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ORIGINAL PAGE IS
OF POOR QUALITY

B.2: LISTING OF PROGRAM

B.2.1: LISTING OF TLOSS
CCccccooociocococococeceCcocooccoccooococcoocoGCECCoRoCCcCcecLCccopconcoococoocoeae

c £

c c

C PROGRAM TO CALCULATE THE TRANSMISSION LOSS ACROSS c

c HULTI-LAYERED AIRCRAFT SIDE-HALL C

C c

c 1 e

I R R N O S A R S R e R e A N R A N eI Rl

c

C

Cpunsin THIS PROGRAM CALCULATES THE TRANGMISSION LOSS OF

CHEB IR ATRCRAFT SIDE-WALL WITH NOISE CONTROL TREATMENTS.

C

C

CHESHERUSUBAHABERES  VERSION 't BUABHSERBHBRHEARAYS

CHBSHSBUSRESSSREEEE  PROGRAMNER : R.NAVANEETHAN BH3S8BBBU5BERRIS4S

CupiysuauunspsgnsEy  DATE : 20-DEC-82 HUAHEBREHISAEIBENY

C

c

W TITLEE

C

C REFERENCES 1

c 1. WILBY ET AL,"INTERIOR NOISE CONTROL PREDICTION

c STUDY FOR A HIGH-SPEED PROPELLER DRIVEN

c AIRCRAFT®, NASA CR 159200 SEPT 1979

C 2. REVELL J.D. ET AL,"ANALYTICAL STUDY OF INTERIOR

c NOISE CONTROL BY FUSELAGE DESIGN TECHNIQUES ON

C HIGH-SPEED PROPELLER DRIVEN AIRCRAFT®, NASA CR

c 159222,1980.

c 3. BERANEK L.L.,"NDISE AND VIBRATION CONTROL",

c MCGRAW-HILL,1971.

C

CHE#EBAR

c

c FOR FURTHER DETAILS OF THE EQUATIONS USED IN THE PROBRAM REFER
KU~FRL REPORT KU-FRL-REP-417-19,

¢

CHENBHEE

c INPUT DATA : |

c THE NAME OF THE DATA FILE NEEDS TO BE INPUT

C INTERACTIVELY. SEE USER'S MANUAL FOR THE

C INPUT DATA AND FILE FORMAT

C

c QUTPUT DATA :

c BOTH ON PRINTER AND DATA FILE (NAME TD BE

C SPECIFIED INTERACTIVELY

c

e OTHER DETAILS:
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ORIGINA'L“ PAGE B
OF POOR QUALITV

c THE MAIN FROGRAM "TLOBS" I8 ON THIS FILE
C NAMED ‘MLAYER.FOR', THE BUBROUTINES ARE
¥ ARE AVAILABLE ON A FILE NAMED 'BLAYER.FOR'.
C _THE FUNCTIONS NOT AVAILABLE IN THE SYSTEHM
¢ LIBRARY OF MINC ARE GIVEN IN ‘CLAYER.FOR'.
C TD EXECUTE COMPILE WLAYER,BLAYER,CLAYER AND
£ LINK TD GET AN EXECUTABLE FILE "MLAYER.SAV',
c THIS HAS BEEN DONE. TD EXECUTE :
c i. PREPARE DATA FILE ACCORDING 70O
c USER’ES MANUAL.
c 2. TYPE 'RUN HMLAYER <{CR>’
c 3. WHEN ASKED FOR,BIVE INPUT DATA
c FILE AND BUTPUT DATA FILE,.
C .
c FILE NAME FORMAT IN MINC :
c . REFER RT-11 OPERATING MANUAL
¢ .
c

PROGRAM TLOSS
€

C####s48 DIMENTIDN STATEMENTS
DIMENSION L{(10),THETA(10) ,THICK(10),SDENS(10),DENB(10),P(10)
DIMENSION R(10),FRER(27),ANG(23) ,PRESS(2),TEMP(2),THK{S1)
DIMENSION THIK(S),PT{5),RT{5},5DEN(10),DEN(S),C{10Q)
DIMENSION TLT(27),TLAL27)
REAL I0f,I02,NU
COMPLEX ICAP{10),2(10},B(10),X1(10),X2(10},PRATIO(10)
COMPLEX RR,PIP(23),PIT(23),220T,21UT,IP,COSH,CC
BYTE INAME(15),ONAME(I3}
COMMON/COM/TH, TH2,THETA,AMACH,PRESS,C
COMMON/ONEL/H,RHD
COMMON/ONE2/At ,EC1,I01,01,A2,EC2,1D2,02,E1,B61,E2,62
COMMON/ONES/ESK,NU,ETA,BL,B2,I1CYL,A
COMMON/DNE4/FPRXPCIR
COMMON/ONES/SKDEN,ETASK,FOSK
COMHON/TWO/THICK
COMMON/THREE/DENS,P,R
COMMON/FIVEL/SDENS
COMMON/FIVE2/ETATP,FOT,SLPFAC
DATA INAME,ONAME/30%0/

C .

C4484448 FREQUENCY VALUES AT WHICH TL IS CALCULATED.

C
DATA FRER/20.,40.,60,,80.,100.,125,,150.,175.,200.,225.,250.,300.,
%400.,500.,400.,700.,800.,900.,1000.,1500.,2000.,2500.,3000,,
43500.,4000.,4500.,5000./

£

CH##4#444 ANBLES OF INCIDENCE USED IN THE RANDOM INCIDENCE INTEBRATIDN
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ORIGINAL PAGE IS
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c :
DATA ANG/O.,4.,8.,12,,16.,20.,24.,28.,32.,34.,40,,44. ,4B. ,52.,
&Sb.,&ﬂ..&4.,68.,72.,76.,80.,84.,88 /
NFREQ=27
NANG=23
PI=3,141592454
e
CH##H4EH READ DATA FILE NAME
c ]
TYPE#,’ ENTER NAME OF THE INPUT FILE °
ACCEPT 100, {INAME(I),I=1,14)
C
CH4BESES READ OUTPUT FILE NAME
c

TYPE#*," ENTER NAME OF THE QUTPUT FILE °
ACCEPT 100, (ONAME(I),I=!,14)
100 FORMAT(14A1)
C
C#s##444% OPEN INPUT DATA FILE, READ DATA AND CLOSE INPUT DATA FILE
c
OPEN (UNIT=8,NAME=INANE,TYPE="DLD’,FORM= FORMATTED ")
c
CH#4444  READ AMBNT CONDITIONS AND INCIDENT ANGLES
£
READ (8,105) PRESS(!),PRESS(2),TEMP(1),TEMP(2),AMACH
READ (8,103) IA
IF(IA.NE.1) GO TO 8!
READ (8,105) TH
_ 30 10 83
81  IF(IA.NE.2) GO TG 1004
83 CONTINUE
C
CH#BHESS  READ NUMBER OF LAYERS OF TREATMENT AND TYPE OF LAYERS
¢
READ (B,103) N
READ {8,103) NSKIN,NAIR,NFIBER,NSEPTA,NTRIN
103 FORNAT(SIS)
IF ( (NSKIN+NAIR+NFIBER+NSEPTA+NTRIN) .NE.N) GO TO 1060
€
C#H##EHE READ TYPE OF IMPEDANCE MODEL FOR SKIN AND ETAILS OF SKIN
C4#s444% IF SKIN IS PRESENT
C
READ (B,103) (L(I},I=1,N)
IF(NSKIN.EQ.0) GO TO 1
READ (8,103) ISKIN
IF(ISKIN .NE. 1) 60 TO 2
READ (8,105} H,RHO
105  FORMAT(7F10.4)
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60 70 1
2 CONTINUE
IF(ISKIN.NE.2) G0 TO 3
READ (8,103) ICYL
READ (8,105)A,H,RHO,NU,ETA,Bt,B2,A1,EC1,I01,d1,A2,EC2,102,32,
READ (B,107)ESK,E1,B1,E2,62
107  FORMAT(5E10,2)
60 70 i
3 CONTINUE
IF({ISKIN,NE.3] 60 TO 19
READ (B,105)H,R,NU,ETA,B1,B2,PAX,PCIR
READ (8,107)ESK
GO TD 1
19 CONTINUE
IF(ISKIN,NE, 4] GO TO 1001
READ {8,105)SKDEN,ETASK,FOSK
t CONTINUE
C -
Cau##s#s44 IF AIRGAP LAYERS ARE PRESENT READ THEIR THICKNESS
C
IF(NAIR.ER,0) GO TO 4
READ (8,105) (THIK{(I),I=1,NAIR)
4 CONTINUE
£ .
CHi##4#8 IF -FIBERGLASS INSHLATION LAYERS ARE PRESENT READ THEIR
C#EBEEEH CHARACTERISTICS :
£ ; -
IF (NFIBER.E0.0) B0 TO §
D6 &1t I=1,NFIBER —
READ {8,105) DEN(I),RT(I),PT(I),THK(I}
811  CONTINUE
5 CONTINUE
c .
CHu#44#% 1IF SEPTA ARE PRESENT READ THEIR SURFACE DENSITIES
£
IF (NSEPTA.EQ.0) GGTO &
READ(8,105) (SDEN(I),1=1,NSEPTA)
6 CONTINUE
C .
C#4uss8% IF TRIM IS PRESENT READ ITS IMPEDANCE MODEL AND
Co4#4484 CHARACTERISTICS
¢
IF(NTRIN.EQ.0) GO 70 7
READ(8,103) ITRIM
IF(ITRIM.NE.1} GO TO 8
READ(8,105) SURDEN
G070 7 '
8 IF(ITRIN.NE.2) GO TO 1002
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READ{8,105) SURDEN,ETATP,FOT,SLPFAC

7 CONTINUE

£

ChisiEa#4sd END READ STATEMENTS
C

C

Cas44434 CALCULATE SPEED OF SOUND AND AIR DENSITY (OUTSIDE AND INSIDE)

c .
00 10 I=1,2
C{I)=20.03%50RT(273.+TEHP{I})
RO{I)=.00348272*%PRESS({I) /{TEMP(I)+273.}

{0 CONTINUE
RO(N+1)=RO(2)

Ci{N+1)=C(2)

c

CHR#f#ds ASSIGN THE CHARACTERISTCS OF LAYERS IN THE CORRECT ORDER

C
KAIR=1
KFIBER=1
KSEPTA=1
KTRIM=1
KEKIN=1
DD 1t I=)1,N
IF(L{I).NE. 1) GO TO 12
THICK{I)=H
KBKIN=KSKIN+1
G0 70 {1

i2 IF(L(IY.NE.2) GO TO 13
THICK{I)=THIK(KAIR)
KAIR=KAIR+1
60 TO 11

t3 IF{L{I}.NE.3) GO TD 14
DENS{I)=DEN(KFIBER)

R{I) =RT (KFIBER)

P(I) =PT (KFIBER)
THICK{I)=THK(KFIBER)
KFIBER=KFIBER+I
SDENS(I)=DENS({I)*THICK(I}
B0 TO 1t )

14 IF(L{I).NE.4) GO TD 15
SDENB(I)}=SDEN{KSEPTA)
KSEPTA=KSEPTA+1
G0 10 {t

18 SDENS {I)=8URDEN
KTRIM=KTRIM+I

11 CONTINUE
CLOSE(UNIT=8)
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ORIGINAL & ey

CHavsessd  PRINT INPUT VALUES

C
200
20!
202
203
204
203
206
232
16

233
17

207

208

209

22

210

211
213
212

WRITE(4,200)

FORMAT-(* ", /" - INPUT
WRITE{4,201)
FORMAT (' AMBIENT CONDITIONS

WRITE {6,202)PRESS(1)

FORMAT (! OUTSIDE PRESBURE{PASCAL) =
WRITE {6,203)TEMP{1)

FORMAT(’ QUTSIDE TEMPERATURE(DEG C)=
WRITE (5,204)PRESS(2)

FORNAT C’ INSIDE PRESSURE{PASCAL)
WRITE{6,205) TEMP{2)

FORMAT (' INSIDE TEMPERATURE(DEG ©)
WRITE(&,204) AMACH

FORMAT(®  MACH NUMBER

IF{IA.EQ.2) BOTO 16

WRITE(6,232)TH

FORMAT(®  ANGLE OF INCIDENCE({DEG)

60 70 17

WRITE(&,233)

FORMAT('  ANGLE OF INCIDENCE
CONTINUE

DD 20 I=1,N

IF(L{I}).NE.1) BO TO 21

WRITE(6,207)1

FORMAT(/*  LAYER & ',12,’ I8 SKIN'/)
WRITE (6,208) ISKIN

FORMAT(® IMPEDANCE MODEL FOR SKIN
IF(ISKIN .NE. 1) GO 7O 22

WRITE {4,209) H,RHO

FORMAT{'  THICKNESS OF -SKIN(M}
% SKIN(KG/CU M) = ',Fb.1)

G0 7D 20

CONTINUE

IF{ISKIN.NE.2) GO TO 23
WRITE{&,210)A,H,RHO,ETASK

WRITE (4,211}

WRITE (4,212)B1,A!,EC:,I01,3¢,E1,61
WRITE(&,213)

WRITE (6,212)B2,A2,EC2,102,02,E2,B62
FORMAT{"  RADIUS OF THE PANEL{M)
&BKIN(M) = ',F8.4,/,° DENSITY OF
%/,'  YOUNG"S MOD OF S§/M2) = ',E10,2)

1

DATA

1)
"yWF10.2}
‘4F10.2)
"4F10.2)
“4WF10.2}

'WF10.2)
‘4WF10.2)

RANDOM ")

',Ill)'

‘+FB.4,/,’

"yFBag,/,’
SKIN(KG/CU M)

FORMAT{(/‘  STRINGER (STIFFENER) CHARACTERISTICS')

FORMAT(/'  FRAME CHARACTERISTICS')

FORMAT (" SPACING (M) = ',FB.3,:/,°
/0!

%,F8,3,/," ECCENTRICITY(M) = ',FB.3
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215

g2
223

21

216
217

24

225

218

25

224
219

26

227

220

221
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%,EB.2,/,' TORSION CONST(M&) = ‘,E8.2,/,' YOUNG"S MOD(N/M2) =
%,EB.2,7/,'  SHEAR MOD{N/M2) = ',EB.2/)

50 TO 20

IF{ISKIN.NE,3)B0T0 82

WRITE(4,215)H,RHO,B1,82,PAX,PCIR

FORMAT('  THICKNESS OF SKIN(M) = ',FB8.4,/,' DENSITY OF
& SKIN(KB/CU M) = *,F4é.1,/7' LENGTH DF PANEL(M) = ',F8.4,
%/,’ MWIDTH OF PANEL(M) = ',FB.4,/," SKIN LOAD/UNIT
YLENGTH(N/M)= ',F10.4,/,° CIRCUM SKIN LDADIN/M) = ‘,F10.4)
8070 20

WRITE(&,223) SKDEN,ETASK,FOSK

FORMAT{’  SURFACE DENSITY(KB/58 M) = *,F7.4,/,' DAMPING
YRATIO = ',F5.3,/,' FUND. RESONANCE FREQ(HI) = °
%,F4.0)

B0 T 20

CONTINUE

IF{L{I).NE.2) GO TO 24

MRITE(A,218) 1

FORMAT (/° LAYER # ',12,' IS AIRGAP '/)
WRITE(S,217) THICKI{ID)

FORMAT (' THICKNESS OF AIRGAP(M) = ' ,FB.4)
G0 TO 20

CONTINUE

IF(L{I).NE.3) GO TO 25

WRITE(6,220)1

FORMAT(/” LAYER # *',I2,° I8 FIBERBLASS '/)
WRITE(&,21B)DENS(I),R{I},P{I),THICK(I)

FORMAT (' DENSITY(KE/CU M) = ,F&. 1,7, REBISTIVITY
L(MKE RAYLS) = WF7.0,/4° POROSITY = ',
¥F3.1,7,° THICKNESS(M) = ',F8.4

GO TO 20

CONTINUE

IF(L{I).NE.4) BO TO 26

WRITE(L,226) 1

FORMAT(/' LAYER # ',I12,' IS SEPTUM '/)
WRITE{L6,2192)SDENS(I)

FORMAT(‘  SURFACE DENSITY(KG/S@ M) = *,F7.4)
80 TO 20

CONTINUE

IF{L(IY.KE.S) GO TO 20

WRITE(6,227)1

FORMAT (/' LAYER # ',I12,' I8 TRIM'/)
WRITE(6,220) ITRIM

FORMAT ("’ IMPEDANCE MODEL FOR TRIM = ",11/)
IF(ITRIM.NE.1) GO TO 28

WRITE(&4,221) SDENS({I)

FORMAT{' GSURFACE DENSKG/SQ M} = *,F7.4)
BOTO 20
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28 CONTINUE
WRITE(&,222) SDENG(I) ,ETATP,FOT,SLPFAC

222 FORMAT(' SURFACE DENSITY(KG/8B M) = ",F7.4,/,' DAMPING
YRATIO ..= ',F8.3,/," FUND, RESONANCE FREQ(HI) ="'
%,F4.0,/,' GSLOPE FACTOR = *,F5.3)

20 CONTINUE .
WRITE (6,250) (INAME(KK) (KK=1,14)

250  FORMAT{//10X,’' INPUT FILE NAME = ',144A1,)
WRITE(6,251) (ONAME (KK) ,KK=1,14)

251  FORMAT{10X,’' OUTPUT FILE NAME = ',14Al,/)

C

CHisssss OTART OF FREUENCY LOOP

C

IF(IA.EQ. 1) TH=TH#P1/180,
DO 30 I=1,NFREQ
W=2.*PI+FREQ(I)
ZCAP (N+1)=CMPLX (RO (N+1) #C(N+1) ,0.)
c
CH¥H4848 CALCULATE CHARACTEISTIC INPEDANCE FOR AIRGAPS AND POROUS
CH###448 FIBERGLASS INSULATIONS
c
DO 40 KI=1,N
KK=KI
IF(L{KI).NE.3) GOTD 41
CALL PCBKT(KK,4,RO(N+1),ZCAP{KI) (B{KI))
E(KI)=W/{ATMAB{B(KI)))
B0 TO 40
41 ' CONTINUE .
IF(L(KI) ,NE.2)GO TO 40
RO(KI}=RO(N+1)
E(KI)=C(N+1)
ZCAP (KT} =CHPLX ( (RO (1) #C (KI)),0.)
40 CONTINUE
c
CH###484 FOR SPECIFIC ANGLE DF INCIDENCE SET COUNTER J=i
c

J=1

IF{1A.EQ.1) BOTO 31
c
Ch##4344 LDOP FOR RANDOM ANGLES OF INCIDENCE
¢ : .

B 32 Jd=1,NANG
TH=ANG (J}
TH=TH#PI/180,
- 31 CONTINUE
THETA{1)=TH
ITENP=1
L{N+1)=2
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C
Chuuuddd CALCULATE THE ANGBLE DF TRANSMISSION FOR AIRBAPS AND FIBERGLASS
c
D0 45 KI=1,N+1 |
THETA(KT) =THETA (ITEMP)
FF((LAKI) L NE.2) . AND, (LIKI),.NE.3))BO 7O 45
TE=C(KI)*SINACITEMNP)}) /C(ITEMF)
IF{TE.BT. 1.} GO 70 1003
CALL ASIN(TE,THETA(KI})
ITEMP=KI
45 CONTINUE
c
Caasdisdy CALCULATE THE IMPEDANCE AND PRESSURE RATIO OF UNTREARTED SKIN,
CRag#is#d IF PRESENT.
c
IF(NBKIN.ED,O0) GO TO 33
TRI={C{2)/C(1}#COS{TH) /(L. +AMACH=COS(TH) ) } ##%2
IF(TR1.6T7.1.) GO TO 1003
CALL ASIN(SGRT(1.-TR1),THZ2}
Z2UT = CMPLX (RO (N+1)#C(N+1)/C0S(TH2),0.)
IF{ISKIN ,EQ.,1) CALL DPAL{W,Z2UT,Z21UT,IP)
IF(ISKIN.ED.2) CALL DPA2(W,Z2UT,Z1UT,IP)
IF(ISKIN.EQ.3) CALL DPA3(W,22UT,ZIUT,IP)
IF(ISKIN.EO.4) CALL DPA4(W,Z2UT,Z1UT,IP)
PIP(I) = CMPLX{1.,0)}
CC=CMPLX(RO(1)*C(1)/(COS(TH)* (1. +AMARCH¥SIN(TH}}),0.)
PIP(d)Y = PIP(J)+ZIUT/Z2UT+CC/Z2UT
G0 70 34
C .
Crguyd4s IF SKIN MOT PRESENT SET PRESSURE RATIO TOQ ¢1.,0Q.)
c
33 PIR{JIY=CMPLY(1.,0.)
34 CONTINUE
£
CHisu448 CALCULATE SPECIFIC IMPEDANCE OF EACH LAYER FROM ITS
Chassa#dsd CHARACTERISTIC AND TERMINATING IMPEDANCE. STARY FROH
Cii4#i#8 INTERIOR.
C
ZIN+1)=ICAP(N+1)
ZiIN+1)=Z(N+1)/COS(THETA(N+1))
D0 46 KI = N,i,-1
KK=KI
IF(L{KI),.NE.3) GO TO 47
IF(ITRIK.EOQ.1) CALL TRIMI(KK,W,Z(KK+1),Z{KK),ZCAP(KK))

IF(ITRIN.EQ.2) CALL TRIMZ(KK,W,I(KK+1),Z(KK),ZCAP(KK})
GO 70 46

47 CONTINUE
IF(L(KI}.NE.4) BO TO 48
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CALL TRIMLI(KK,W,Z(KK+1) Z{KK} ,ZCAP{KK})
GO 7O 46
48 CONTINUE
IF (L{KI).NE,3) GO TO 49
ICAP{KI)=ZCAP{KI)/COS{THETA(KI))
CALL GAP (KK, ZCAP (KK} ;B{KK) ,Z{KK+1) W,Z{KK),X1K},X2(KK))
GO 7O 46
49 CONTINUE
IF{L(KI),.NE.2) &0 TO 50
ICAP(KI)=ZCAP(KI}/COS(THETAIKI))
B{(KI)=CHPLX (0., {(H/CI(KI)))
CALL BGAP(KK,ZCAP{KK) yB(KK}  Z{KK+1} ,W,Z(KK),X1 (KK} ,X2(KK)])
80 TO 46
30 CONTINUE
IF(L{KI).NE.1) GD TOQ 46
IF{ISKIN.EOQ.1) CALL DPAL(H,Z(KK+i},Z(KK),ICAP (KK))
IF(ISKIN.ER.2) CALL DPA2(W,Z(KK+1),Z(KK),ZCAP(KK))
IF(ISKIN,EQ.3) CALL DPA3(W,Z(KK+1),Z{KK),ICAP{KK))
IF(ISKIN.EO.4) CALL DPA4(H,Z(KK+1),Z{KK),ICAP(KK})
CONTINUE
C -
Ch#sa#84 CALCULATE PRESSURE RATIOS OF INDIVIDUAL LAYERS FROM THEIR
Chass#s#4 SPECIFIC AND THEIR TERMINATING IMPEDANCES
¢
DO 55 Ki=1,N
IF({L{KI).NE. L)} BOTO 5&
PRATIO(KI)=EMPLX{1.,0.) .
CC=CHPLX(ROC1)#C(1)/(COS(TH) #{1. +ANACH*SIN(TH))) ,0.)
PRATIO(KI)=PRATIO(KI)+Z{KI)/Z(KI+1)+CC/Z{KI+1)
G0 TO S5
56 CONTINUE
IFC(L(KI).NE.2) . AND. (L{KI).NE.3}) GO TO 57
PRATIO{KI)=COSH{X2(KI1))/COSH(X1{KI}}
B0 7O S5
57 - CONTINUE
CC=CMPLX {CBS(THTA{KI)),0.)
CC=ZCAFP{KI)#CC/Z{KI+1)
PRATIO(KI}=CHPLX(1.,,0.)+4CC
99 CONTINUE
£
Ca#48#448% CALCULATE THE PRESSURE RATID ACROCSS ALL LAYERS
c
PIT(I}=(1.,0.)
00 60 KI=1,N
PIT(J}=PIT{J)*PRATIB(KI)
60 CONTINUE :
c
CHEBESAH EXIT ANGLE LOOP IF SPECIFIC ANGLE OF INCIDENCE
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C
IF(IA.NE.2) BO T0 &1
32 CONTINUE
c
C#4#484% FOR RANDOMW INCIDENCE INTEGRATE OVER THE ENTIRE ANGLE RANGE
c
DO 62 KI=1,NANG
TH=ANG{KI)}*P1/180.
Y1I(KI)=CABS(PIP(KI))*#%2%8IN{)
Y2IKI)=CABS{PIT(KI))*%2%SIN{(2.#TH)
52 CONTINUE
STEP=(88./ (NANG-1))%P1/180.
CALL SIMP(BTEP,Y1,PI1A,NANG)
CALL SIMP(STEF,YZ,P2A8,NANG)
c
ChH#44454 FOR RANDOM INCIDENCE CALCULATE THE UNTREATED AND TREATED
ChH#s#s#sd TRANSMISSION LOSS.

c
TLT(I)=10.,*#ALOGLI0O(P2A)
TLA(II=10.#ALOGIO(P1A)
G0 TO 30

C

CHEHE844 FOR SPECIFIC INCIDENCE CALCULATE UNTREATED AND TREATED
Cuss#dess TRANSMISSION LOSS
C
&1 CONTINUE

TLT{1)=10. *ALOG10 (CABS (PIT (1)) %%2)

TLA{I)=10. %ALOG10(CABS(PIP (1)) #%2)
30  CONTINUE
c
Chudss#s END OF FREQUENCY LOOP
C
C#4444%% ON THE PRINTER BO TO NEXT PABE (FORM FEED). THIS IS DUE
Ch#gsda# INHERENT RESTRICTION OF LA 120 (DECWRITER III)
C

CLOSE(UNIT=4)

OPEN(UNIT=4)
C
CHH444#4 PRINT THE FREQUENCY,UNTREATED TL,TREATED TL AND ADD. TL DUE -
CHs#s848% TO TREATMENT :
c

WRITE(&,500)
509 FORMAT(////,17%," SOUND TRASMIGSION LOSS OF TREATED PANEL'//)

WRITE(4,501)
501 FORMAT(/T13, ‘FREBUENCY ,T28, 'UNTREATE TL',T43,' TREATED TL ',T758,

%*ADDITIONAL TL')

WRITE(&,502)
502  FORMAT(Ti4,'HERTZ’,T33,'DB',TA8,'DB’,T63,'DB'/)
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H

DO 70 I=1,NFREG
WRITE(4,503) FRER(I),TLACI},TLT(I}, (TLT(I)=TLALI))
70 CONTINUE o :
503 -FDRMAT(13Y,F5.0,7%,3(3X,FB.2,41))
t
CH4#HEEE  OPEN AND WRITE IN OUTPUT DATA FILE
c
BPEN(UNIT=9,NAME=ONANE, TYPE='NEW')
D0 71 I=1,NFREQ
71 WRITE(9,505)FREQ(I),TLA(I)
505 FORMAT(T10,F5.0,F8.2)
DO 72 I={,NFREB
72 WRITE{(9,505)FRER{I),TLT(I)
D6 73 I=1,NFRED
73 WRITE(9,505)FRES(I),(TLT(I)-TLACI})
CLOSE(UNIT=9,DISPOSE='SAVE")

60 70 1100
c
C#ansi##84 ERROR MESSAGES
€

1000 CONTINUE .
TYPE#, 'TOTAL NUMBER OF LAYERS DD NOT MATCH WITH INDIVIDUAL LAYERS
& SPECIFIED!’
60 10 1100
1001 CONTINUE
TYPE#,' BKIN IMPEDANCE MODEL',ISKIN,’ IS NOT AVAILABLE!'
B0 TO 1100
1002 CONTINUE
TYPE#*,' TRIM IMPEDANCE MODEL',ITRIM,® IS NOT AVAILABLE!'
G0 TD 1100
1003 CONTINUE
TYPE#," THE INCIDENCE AN IS GREATER THAN CRITICAL ANBLE FOR
& TRANSMISBION!'
G0 70 1100
1004 CONTINUE
TYPE+, ' ERROR IN THE SPECIFICATION OF INCIDENEE ANGLE !’
TYPE*,' ALLOWED OPTIONS : & = DISCRETE AND 2 = RANDONM'
1100 CONTINUE

C
Ca#dgassd END OF PROGRAM
C

STOP

END
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B.2.2: LISTING OF BLAYER
CCcociecCOrCCeCCCOoCCOCOenooonCCCrRCCCoOCCoonoCCCECCECCOLCCCCCCCCeRiiee

C
£
8UB-PROGRAM FOR SOUND TRANSMISSION C
THROUBH FOR MULTI-LAYERED PANEL ¢

€

C

i

OO0 n

CCCccccocoocoecececccteoCOCCCLcCoenceCccccecocccecccccceccocoooccoaeocococce
C

c
Chadsliis THIS SUB~PROBRAM CONTAINS THE SUBROUTINES FOR THE
Chinsans TRANSMISSION LOSS OF AN AIRCRAFT SIDE-WALL WITH NOISE
Catanddd CONTROL TREATHMENTS
C
CHERSHANBRABANANAAE  VERSION HE| Bhauaindansddsandnng
CHERBRREEBEESLBESS PROGRAMMER 1 R.NAVANEETHAN  ##HBHBiBhdaRasnidagd
CHUBRHERBERHARGNEYE  DATE t 27-DEC-B2 RHBHERIRRNEANBNRARRS
C
ChetanEn
»
C FOR REFERENCES REFER TO LISTING OF THE MAIN PROGRAM
c "MLAYER.FOR"
c
R EEEEEEEEEES ARSI L LRI L LI SR RS SRR A EE RIS EESEA RS EEEEE LA
c
g
c SUBROUTINE FOR THE DETERMINATION OF THE IMPEDANCE OF SKIN PANEL
£ IMPEDANCE MODEL # 1
c HASS LAN
£
SUBROUTINE DPAI(MI1,22,11,IP)
COMMON /COM/ TH,TH2,THETA,AMACH,PRESS,C
COMMON /ONEL/ H,RHD
COMPLEX It,I2,1P
REAL M,THETA(10),PRESS(2),0(10)}
c
Caap#sa4 CALCULATE IMPEDANCE OF THE FANEL
c
M = RHO#H
FI = 3.1415924654
iP = CMPLX{Q.  W1#M)
C
CHH##H48 CALCULATE THE IMPEDANCE OF THE LAYER
C
11=7F+12
i RETURN
END
C
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SUBROUTINE FOR THE DETERMINATION OF THE IMPEDANCE OF THE SKIN PANEL
- I'MPEDANCE MODEL # 2
HIKULAS EQUATION

OGO

SUBROUTINE DPAZ(W1,12,71,IP)
COMMON /COM/ TH,TH2,THETA,AMACH,PRESS,C
COMMON /ONE1/ H,RHO
CONMON /ONE2/ AL,ECI,101,J1,A42,EC2,102,02,E1,61,E2,62,1ICYL,A
COMMON /ONE3/ EGK,NU,ETA,B1,B2 )
COMPLEX IP,12,21 .
REAL M,101,182,THETA(10) ,PRESS{2) NU,C(10)
M = H#RHO
D = (ESK*H##3)/(12.%(1.~NU#%2))
PI = 3.1415924654
c
C#anssss RESONANCE FREQUENCY STIFFENED PANEL. NEGLECTS MEMBRANE
CHsasdusg OSTIFFNESS OF THE CYLINDER. (MIKULAS EQUATION)
Cassaadd MH=1 N=.0 REFER NASA CR 1359200

C
C .
C##a#4#4 CALCULATE BENDING AND TORSION PARAMETERS
C
RBP=E2#(A2*EC2%%2+102)/ (D#B2)
SEP=E{#(AL*EC| #%2+101)/{D*B1)
RTP=G2%J2/{D%B2)
STP=B1%J1/({D*B1}
¥
C#dsdd4#4 SET DEL AND M FOR FLAT PANELS
c
IF{ICYL.EQ.2) GO TO 201
DEL=1,
. AH=1.0
DELF=0,
GOTD 202
c .
CHHH444% BET DEL AND M FOR CURVED PANELS
C
201 CONTINUE
AN=.5
AM=1,

DEL=AN*B1/AN*PIxA
DELP=(PREBS(2}~PRESS(1))#A/2. ¥ (AM*BI1/P1)%%2/D% (1,42, *DEL%2)
202  CONTINUE
c
C#H#sas48 CALCULATE THE RESONANCE FREBUENCY
c
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WO2=AM#%4% ( (1, +DEL*+2) %32+ |SBP+DEL*%2% (RTP+5TP) +DEL*#4%RBP) ) +DELP
WOT=(PI/B1)#*2%5QRT{D/M)*SART{K02)

g B o B N o B N ]

C
Chy##s4s CALCULATE IMPEDANCE OF THE PANEL
c
IPR1 = ((WOT#¥2) /W1) *K*ETA
IPR2={ (W1%*3)ETA* { (SIN(TH) ) %44} )}/ {{C{1) %24)
. ((1, +AMACH¥SIN(TH)) #%4))
IPCL = (WI¥M)—(( (WOT#%2) ¥M) /H1)
IPC2 = - ({WOT*%3) D% ((SIN(TH) ) %%4)) /({C(1) %%4) *
% UL, +ANACH*SINITH) ) %%4) )
IP = CHPLY(IPR1+IPRZ,IPC1+IPC2)
c
CH#s#H484 CALCULATE THE IMPEDANCE OF THE LAYER
c
11=1P+12
i1 RETURN
END
SUBROUTINE FOR THE DETERMINATION OF THE IMPEDANCE OF THE SKIN PANEL
IMPEDANCE MODEL # 3
PRESSURIZED PANEL
SUBROUTINE DPA3(H1,22,11,IP)
COMMON /COM/ TH,TH2,THETA,AMACH,PRESS,C
COMNON /ONE1/ H,RHO
COMMON /ONE3/ ESK,NU,ETA,B1,B2
COMMON /ONE4/ PAX,PCIR
COMPLEX IP,Z2,11
REAL M,NU,THETA(10),PRESS(2),C(10)
M = H*RHD
D = (ESK*H®¥%3)/(12.%({,~NU%%2))
PI = 3,141592654
C
CH448448  CALCULATE THE RESONANCE FREQUENCY
C
WOl = (PAX/(B2%%2))+(PCIR/(BI*¥2) )+ (D¥PIx*2) % {((1,/B2%%2)
$4(1, /BL1%¥2)) %%2)
WOT = (PI/SART(M))*SARTIWOL)
C
CRugs488  CALCULATE THE IEDANCE OF THE PANEL
c

IPRL = ((WOT#%2)/W1) #M*ETA '
IPR2=WE ¥ *3+DFETA% (SIN(TH) /{CCL) % (1, +AMACH*SINITH) ) }) x%4
IPCL = (HisM)=(((HOT*%¥2) %M) /H1)
IPC2 == ((WOT*%3) D% ( (SIN(TH) ) %44) )/ {(C (1) #%4) *
%01, +AMACHXSIN(TH)) %%4))
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1P = CMPLY{ZPRI+ZIPR2,IPCI+IPC2}

C
Ca4#s444 CALCULATE THE IMPEDANCE OF THE LAYER
c e ‘ :
11=1P+12
{1 RETURN
END
c
C
c
C
c SUBROUTINE FOR THE DETERMINATION OF THE INPEDANCE OF THE SKIN PANEL
C IMPEDANCE MODEL % 4
c
g
SUBROUTINE DPA4(W1,72,21,1F)
COMMON /COM/ TH,TH2,THETA,AMACH,PRESS,C
COMMON /ONES/ SKDEN,ETASK,FOSK
COMPLEX IP,12,11
REAL M,THETA(10) ,PRESS(2),C{10)
M = SKDEN
PI = 3.141592654
t
Co#44444 RESONANCE FREQUENCY IS5 GIVEN
¢
WOT=2. *P1#FOSK
c
CH44#44% CALCULATE THE INPEDANCE OF THE PANEL
D .
IPR1 = 2.*%M*ETASK*WOT
IPCL = (HI%M)%{1,-(HOT/W1)%%2)
1P = CMPLX.{IPR1,ZPC1)
C
CH###E44 CALCULATE THE IMPEDANCE OF THE LAYER
c
11=1P+12
11 RETURN
END
C
c
C
C
C SUBROUTINE FOR THE DETERMINATION UF THE IMPEDANCE OF TRIM
C TRIM IMPEDANCE MODEL # 1
£ HASS LAM
£
»
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SUBROUTINE TRIML(KK,W1,22,11,2P)
COMMON /FIVEL/ SDENS

COMPLEX IP,12,118

REAL M,SDENS(10)

C
CHE84847F CALCULATE THE IMPEDANCE OF THE PANEL
C
IP = CHPLX (0. MI*SDENS{KK))
C
Ce3s#4448 CALCULATE THE IMPEDANCE 0OF THE LAYER
c
Il = IP + 12
RETURN
END
C
C
C
C SUBROUTINE FOR THE DETERMINATION OF THE INPEDANCE GF TRIM
C IMPEDANCE MODEL # 2
C EXPERIMENTAL VALUES
C
g
£
GUBROUTINE TRIM2(KK,W!,Z2,71,1IP)
COMMON /FIVEL/ SDENS
COMMON /FIVE2/ ETATP,FOT,SLPFAC
COMPLEX 7IP,Z1,1I2
REAL M,SDENS(10)
Pl = 3,141592554
M=SDENS (KK)
WOT=2.%PI*FOT
c
CEd44444#48 CHANGE SLOPE IF FREQ >300.
C
ASLP=5LPFAC
1IR=0
IF(WL.6T.3141.59}1ZR=1
IPCE = (Wix%{1.~(WOT/W1)%%2)
IF{IZR.ER.0) BO 7D 13
AK=10.%%{ASLP*&/20.)
I500={3141,59¢M)#{1.~(WOT/3141,09) #%2)
AN=ALOGI0{WI/3141.59) /ALOG10(2.)
C

CHBa384% CALCULATE IMPEDANCE OF THE PANEL FROM MASS-LAWW IMPEDANCE
Ch#sH##4 AT SO00HZ AND THE MEASURED SLOPE
C

IPC1 = IS00%AK**AN
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i3 CONTINUE
IP = CHPLX{Z2.*ETATP*WOT*H,IPCH)

c

C###488% CALCUALTE THE IMPEDANCE OF THE LAYER

c
11 = IP+I2

11 RETURN

END

C

C

C

C

c SUBRODUTINE FOR THE DETERMINATION E IMPEDANCE OF

C ALRBAP AND INSULATION

£

£

L
SUBROUTINE BAP(KK,ICP,BP,72,41,21,%11,X22)
COMPLEX BP,Z2,21,2CP,%11,%X22,ACOTH,COTH
COMMON/COM/TH, TH2, THETA ,AMACH, PRESS, C
COMMON/THO/THICK
REAL THETA(10),PRESS(2),C{10),THICK(10)
PI=3.1415962

C

Chas4848 CALCUALTE THE XSI!1 (FUNCTION OF TERMINATING IMPEDANCE}
C
¥11 =ACOTH{Z2/ZICP)
C
Chisansié CALCULATE THE XSI2 (FUNCTIODN OF THE IMPEDANCE OF THE LAYER)
£

X22 = CHPLX(THICK(KK)*®COS(THETK)),0.)
X22 =X22%BP+X11
C
Ch#ssssd CALCULATE THE IMPEDANCE OF THE LAYER
c
71 = ICP#COTH(X22)
RETURN
END
C
C
c
c SUBROUTINE FOR THE INTEGRATION
C SIMPBON'S RULE
C
£

SUBROUTINE SIMP(INC,Y,Z,NDIM)
REAL INC
DIMENSION Y(NDIM)
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Ni=NDIM-1
N2=NDIM-2
SUHL=0.
UH2=0.

D0 5 J=2,N1,2
SUMI=SUMI+4%Y(J)
CONTINUE

DO 10 J=3,N2,2
SUM2=5UM2+2%Y (J)
CONTINUE

SUM = Y{1) + Y(NDIM)

I = (SUM + SUM1 + SUM2)#INC/3.
RETURN

END

SUBROUTINE TO CALCULATE THE CHARACTERISTIC IMPEDANCE AND
PROPAGATION CONSTANT OF POROUS FUBERGLASS MATERIAL
(SEE REFERENCE # 3 IN MLAYER.FOR)

SUBROUTINE PCBKT(KK,W1,RH02,ICP,BF)
COMMON/THREE/DENS,P,R

REAL X S—
COMPLEX BP,ICP,RHOP,JW

REAL DENS{10),P{10),R(10)

DENS1=DENS (KK)

P1=P(KK)

R1=R{KK)

PI=3.1415942

CH#fi#ied CALCULATE THE COMPRESSIBILTY FACTOR FOR PF105 FIBERGLASS

c

1

2
T

ECXI=ALOGI0(W1/ (2, %PI*R1))

IF {ECX! (LT, -3.) GO 7O !

IF (ECX! .GT. 1.) 60 70 2
K=1.EG#{{{-1.8B21E-2%ECX1-6.099E-2) #ECX1+8. b67E-2) ¥ECX1+1.3444)
GO 70 3

K=1.05E3

60 TO 3

K=1.3ED

CH##a#4# CALCULATE STRUCTURES FACTOR AND FACTORS F1 AND F2

C
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3 SF=10.%%(-3.010%#ALOBI0O{P1))
Fl=1,+{1,2%R1/(DENGI*W1))%%2
F2=1.+(P1+DENSI/(SF*RHO2) )% (1. 2%RI/{DENSI%UH1)) #%2
c .
Ch####44 CALCULAE THE COMPLEX (EFFECTIVE) DENSITY
c

RHOP=CHPLX (RHO2*SF#F2/F1,-1.2%R1/(F1xH1)})

C
Cas###s#48 CALCULATE PROPAGATION CONSBTANT
C
BP=CHPLX(P1/K,0.)
BP=CSART (BP*RHOP)
JH=CHPLX (0. M1}
BP=BP+J¥
c

C#sigsnusss CALCULATE THE CHARACTERISTIC IMPEDANCE
C

ICP=CMPLX (0. ,-K/ (HW1%P1))

ICP=ICPxBP

RETURN

END
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B,2.,3: LISTING OF CLAYER
CCCCcCoCcCocooorocCcCCCcocoCCocoCoccceCooeteCocococoocCocoocrocooecocooececece

c
C
C (223X I 2 R E XY TR R R R E R E R P IS XSS EE RIS R EEL XS R RS LT
C 2 ¥
C ¥ FUNCTIONS/SUBROUTINES NOT PRESENT IN MINC LIBRARY #
C * *
G EEFEREEFFREEXFRX LR RFEEREFEZREFE XL EXFRXFEEXRXAXRRERXRE
C
C PROGRAMMER : JAAP LAMNeRIS YERSION 1  5-31-'B82
C R. NAVANEETHAN  VERSION 2 12-28-'82
C VERSION 2 MODIFIED FOR MLAYER.FOR PROGRAM
C THIS SUB-PROGRAM IS CALLED CLAYER.FOR
. .
ECCECECCCCCCCCECCCCECECE0CCLLCCCECTECCEEECErCECCCCECTCEOCoecrteceeee
£
£
» SUBRDUTINE TO CALCULATE THE ARCSINE OF A GIVEN VALUE™ {~1<¥<1)
¢
SUBROUTINE ASIN(X,Y)
P1=3.141592654
IF(Y.LT.0) BO TO 30
A=0.
C=P1/2.
D=A
E=C
10 B={D+E) /2.
IF{ABS (X~SIN(B)).LE.1.0E-7) GO TO 45
IF(X,6T.SIN(B)} BO TG 20
E=B
GO TO 10
20 D=B
BO TO 10
30 A=-P1/2,
£=0
D=A
E=C
60 TC 10
b
45 Y=B
G0 TO 50
C
50 RETURN
END
C
C
c SUBRDUTINE TO CALCULATE THE ARCOS OF GIVEN VALUE (-1<X<1)
»

378



0200002 [or B o B e B o B o B o |

Ly B o B o B ae B op

20

ORIGINAL PAGE IS
OF POOR QUALITY

SUBROUTINE ACOS{X,Y)

P1=3,141592554
CALL ASIN(X,Y)

ACOS=PI/2,-Y
60 1O 20
RETURN

END

FUNCTION TO RETURN HYPERBOLIC COTANGENT OF GIVEN COMPLEX
NUMBER (X)

FUNCTION COTH({X)

COMPLEX X,COTH

COTH = (CEXP{X)+CEXP(-X))/(CEXP(X)=-CEXP(-%))
RETURN

END

FUNCTION TO RETURN THE INVERSE HYPERBOLIC COTANGENT A 'GIVEN
COMPLEX NUMBER (X).

CALCULATES ONLY THE PRIMARY ARGUMENT

FUNCTION ACOTH(X)

COMPLEX X,ACOTH

ACOTH = . S*CLOG({X+1.)/(X-1.))
RETURN

END

FUNCTION TO RETURN THE HYPERBOLIC COSINE OF A GIVEN COMPLEX
NUMBER (1))

FUNCTION COSH(X)
COMPLEX X,COSH

COSH = .5#{CEXP(X)+CEXP(=X))
RETURN

END
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ROUTINES

MAGNITUDE CALIBRATION
TRANSFER- PROG: PSPRE0.BAS
ANALYSIS PAROG: MAGCAL.FCR

PHASE CALIBRATION

TRUE VALUES

TRANSFER PROG: TFNERQ.BAS
ANALYSIS PROG: STAT.BAS

DAILY CALIBRATION
TRANSFER PROG: TFNBEQ.BAS
ANALYSIS PROG: CALII,FOR

[

PHASE CALIBAATION
TRANSFER PRDG* INTEEQ.BAS
ANALYSIS PROG. INTCAL.FOA

INTENSITY MEASUREMEMTS
TRANSFEA PROG: INTEGO0.BAS
ANALYSIS PROG: INTSTY.FOR

TRANSMISSION L0SS
PLOT PROG: TL7475.BAS

381

INTENSITY MAP
ANALYSIS PROG: INTVAL.FOR
INTMAP .FOR

PLOTTING
PLOT PRQG: PIN7475.8AS
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C.2: LISTING OF COMPUTER POQUTINES

C.2.1 LISTING OF PSP560.BAS

1 HEHHBHBHRNERRARIRNERNRURNHR B EHB AR ERHB MR RNHRRHRRRRAUBE I h RN
27 % #
S TRANSFER PROGRAM FOR POWERSPECTRUM OF CHANNEL A AND B #
§ " # #
5 HESHRUHSRARRHHESERNSHBNRAHRHERHAAERRHEIIRAGEETHNEHHRERERHRRERAES
6 ' %

7% VERSION 1 4

8 " % PROGRAMMER : R.NAVANEETHAN

9 B DATE : 1-23-84

10" 4

11 ° %

100 SCREEN 0,0

110 DEFINT I-N

120 CLS:CLOBE

130 LOCATE 25,1

140 Cs="77I0A358Y2518Y24618Y2725WAJ6F1ED=8"

150 Ci$="7710A358Y2515Y2618Y2728WAJEF2ED=9"

160 PRINT STRINGs(60," ™)

170 SYN$=CHR%$(22)

180 LOCATE 1,1

190 SPEED$="94600"

200 COMFIL$="COM!1:"+5PEED#+",N,B8,2"

210 OPEN COMFILS AS #i

220 OPEN "SCRN:" FOR OUTPUT AS #2

230 dC=1

240 LOCATE 258,1:PRINT "460B POWER SPECTRUM TRANSFER PROGRAH";
250 LOCATE 1,1:PRINT STRING$(60," "):1LOCATE {,1
260 IF JC=1 THEN LINE INPUT "FILE NAME.FOR CHL A7
{ E TO EXIT > :7";DEKFILY

270 IF JC=2 THEN LINE INPUT "FILE NAME FOR CHL B?
¢ E FO EXIT > :";DSKFIL%$

280 IF JC=2 THEN C$=Cis$

290 IF DSKFIL#="E" THEN &30

300 LOCATE 1,1:PRINT STRING$(60," "}:LOCATE {,1
310 OPEN "R*,83,DSKFIL$,72

320 FIELD #3, 72 AS Rif$

330 FOR IC%=1 TO 33

340 D$=MID$(C$,ICL,1)

350 508UB 440

360 FOR IK¥=1 TO 75

370 NEXT IKJ

380 NEXT IC%

390 REM CONTINUE

400 LOCATE 1,1

410 60SUB 470

420 CLOSE #3:JC=JC+1:CLS

430 IF JC=2 THEN 6070 240 ELSE GOTO A50

440 PRINT #1,Ds%;
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450 IF LOC{1)=0 THEN 450
460 A$=INPUTS(1,#1):IF ASC(A$)=4 THEN RETURN ELSE PRINT #2,
"ERROR SENDING DATA":ST0P
470 J=Q

480 FOR ICZ=1 TO 22

490 PRINT #1,3YN$;

300 J=J3+1

510 PRINT J

920 IF LOC(11<72 THEN 3520
530 Hi$ = INPUT$(72,41)
540 IF J>17 THEN GOTO 560
230 GOSUB 600

560 NEXT ICY

370 PRINT LOC(1):IF LOC{(1)<>1 THEN 570
380 AS=INPUTH(1,#1)

990 RETURN

600 REM CONVERT 7O REAL
610 R$=H1$

620 LBET RI$=R%

£30 PUT 43

640 RETURN

650 CLOSE:END
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C.2.2 LISTING OF MAGCAL.FOR
CCEeccecocorcoooccocoeocconeooaococeecnaocieccoocoooceoooecoeneeoneet

C t
C MAGNITUDE CALIBRATION PROGRAM C
C £

CCCCCcCcccocecoooccooccoceccooCccoccooeonecCCoRCooECenceLoeoceceoeect
€
C

C
C
CHadssss PROGRAMMER : R.NAVANEETHAN RS EEERESEE T RS
ChHedbaus DATE : JAN tB, B84 fhananhauanaae
CAffissss VERSION : 2. . LEE SRS R SRR EE
C

C#8uBS#E  THE MAGNITUDE CAL PRDGRAM USES THE INPUT VALUES FRON
CH#44#4% TRANSFER PROGRAM A:CALA.DAT AND A:CALB.DAT.
c
CH¥#4#4#% REFER TO KU-FRL REPORT KU-FRL-417-22 FOR DETAILS ON
C##3848% ON THIS PROGRAM
c
C
234547
INPLICIT REAL(D-I)
INPLICIT REAL (B-F)
DIMENSION CHA(402),CHB(402)
CHARACTER#14 FSTRE,CSTRG
CHARACTER #15 FNAME
INTEGER#*1 1J(72)
CHARACTER #1 HA,HB,ACHAR
DATA HA/"A"/
DATA HB/"B"/
I=1
IF(I0RAND{(72,72,5,0,"A:CALA.DAT")) BO TO 1000
IF(IORAND{72,72,6,0,"A:sCALB.DAT")} BO TO 1100
DO 7 IUNIT=5,6
KL=0
D0 10 I=1,17
READ (IUNIT/I) (1J(K),K=1,72)
D0 11 J=1,72,3
KL=KL+1
J1=13(J)
J2=13(J+1)
J3=13(1+2)
IF(J3.LT.0)J3=256+33
IM=1
IF(32.LT.0) IM=-1
JP=1ABS (32)
CALL SUB!(JP,CSTRG)
FSTRG=CSTRG
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CALL SUB!1(J3,CSTRE)
CALL INSERT{CSTRG,FSTRG,1)
V=0,

DO 20 Kl=1,15

K=1h-KI

Vi=0

CALL PUTCHR(ACHAR,1,KHAR(FSTRE,K}}
IF (ACHAR.EE."1") VI=1
V=V+V1/2%2K1

CONTINUE

IF(JM. ERQ. 1) V=-V

IF{IUNIT.ER.B) CHA(KLY=V%2Z,%%J1
IF{IUNIT.EQ@.6) CHB(KL)=V¥2.%%J!
CONTINUE

CONTINUE

CONTINUE

IF {10CLOS(5)) STOP

IF (10CLDS(4A)) STOP

YMCHA = CHA{1)

YMCHB = CHB{1)

Do 2 I1=5,400

IF (YMCHA.GE.CHA(I)) BOTO0 3
YMCHA=CHA(I}

IAMAX=1

CONTINUE

IF (YMCHB.GE.CHB(I)) GOTO 2
YMCHB=CHB (I}

IBHAX=I

CONTINUE

YaA=0.

DO 4 I=IAMAX-3,IANAX+3
YA=YA+CHA (L)

YB=90,

DO 5 I=IBMAX-3,IBMAX+3
YB=YB+CHB(I)
PCAL=10,%%(124,/720.)*,00002
AKCHA=PCAL/SBRT(YA)
AKCHB=PCAL/SORT (YD)
WRITE(!,200)

FORMAT(® °, "CHANNEL A DETAILS")
WRITE{1,201)

FORMAT(® ', "ENTER MAX AMPLITUDE SETTING : '#$)
READ{1,300) AMPCHA .
FORMAT (FO.0)

WRITE(1,202}

FORMAT(* *,'ENTER # OF AVERAGES : '$)
READ{1,301) NAVGA

FORMAT(IO)

WRITE(],203)
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203 FORMAT(' ', CHANNEL B DETAILS")
WRITE(1,201)
READ(1,300) AMPCHB
WRITE(1,202)
READ(1,301) NAVGE
IF (IOWRIT (8,2,0,"CALDAT.DAT"}) STOP
WRITE (8,205) AKCHA,AKCHB
205  FORMAT{(' ',2E15.5)
WRITE(8,205) AMPCHA,AMPCHB
WRITE(8,204) NAVGA,NAVGB
206  FORMAT(' ',215)
IF (IDCLOS(B)) STOP
5OTO &
1000 WRITE(1,500) HA
500 FORMAT(' ', 'ERROR QPENING DATA FILE OF CHANNEL °,At)

B6 TO 6
1160 WRITE(1,500) HB
6 CONTINUE

§TOP

END

SUBROUTINE SUBL(JP,CSTRG)
CHARACTER*14 BSTRG,B{(8),CSTRG,5UBSTE
INTEGER*2 JOB(3)
DATA B/"0007,"001%,"010%,"011","100","101"," 110" ,"111"/
BSTRE="" :
CSTRB=""
J0(1) =HDD(JP,B)
JPt = IP/B
J0(2) =MOD(JPL,8)
3043) = JPi/8
D0 31 J1=1,3
JP=J0(JI1) +1
31 CALL INSERT{B(JP),BSTRG,1)
Do 32 JI=t,8
K= 10-31
CALL ADDSTE(CSTRG,5UBSTG(BSTRG,JK,IK))
32 CONTINUE
RETURN
END
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C.2.3 LISTING OF TFN660.BAS

10

20

30

490

50

&0

70

80

70

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
. 230
260
270
280
290
300
310
320
330
340
350
350
370
380
DAT
390
410
415
417
418
420
430
470
480

490

SCREEN 0,0
DEFINT I-N
CLS:CLOSE
LOCATE 25,1
C$="77I0A355Y2515Y2615Y2725WAJIEQE4ZZL=8"
PRINT STRING$(40," ")
SYN$=CHR$ (22)
LOCATE 1,1
SPEED$="9600" .
COMFIL$="COM1:"+SPEED$+" N,8,2"

OPEN COMFIL$ AS #1

OPEN "SCRN:" FOR QUTPUT AS #2

I.OCATE 25,1:PRINT "640B TRANSFER PROGRAM";
LOCATE 1,1:PRINT STRING5{40," "):LOCATE 1,!
LINE INPUT "INPUT FILE? <TYPE E TO EXIT > :";DSKFIL$
IF DSKFIL$="E" THEN 620 '
LOCATE 1,1:PRINT STRING$(60," "):LOCATE 1,1
OPEN "R",#3,DSKFIL$,72

FIELD #3, 72 AS R1$

FOR IC%=1 TD 36

D$=MID$(C$,10%, 1)

GOSUB 340

FOR IK%=1 TO 75

NEXT IKY

NEXT IC%

REM CONTINUE

LOCATE §,1

GOSUB 390

D$="7":BOSUB 340

D$="1":GOSUB 340

D$="=":GOSUB 340

D$="9": GOSUB 340

GDSUB 390

CLOSE #3:CLS

BOTD 130

PRINT #1!,D%;

IF LDC(1)=0 THEN 370

A$=INPUT$(1,%1):IF ASC(A$)=p THEN RETURN ELSE PRINT #2,"ERROR SENDING
A":STOP

J=0

FOR IC%Z=1 TD 22

PRINT #1,5YN3;

J=+4

PRINT J

IF LDC(1)<72 THEN 420

Hi$ = INPUT$(72,41)

IF 3>17 THEN GOTO 490

GOSUB 530

NEXT ICY%
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PRINT LOC(1):IF LOC{(1)<>1 THEN 500
AE=INPUTS (1,81

RETURN

REM CONVERT 70O REAL

R¥¢=H1¢

LSET Rif=R%¥

FUT 83

RETURN

CLUSBE:END
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GEEEEEER LR R EERESEA SR EA TR SRS AL A BRI EARREAREE L RS EAL

NFIDENCE INTERVAL

#
#
#

HEHBRHBHEHEFRSRAHURFHHHGHBRBHAHHB AN AR DA BHUHBNAHBRUEI RS

.4 LISTING OF STAT.BAS

4

§ PROGRAM TD DETERMINE CO
)

#

B YERSIDN
4 PROGRANMER
# DATE
=

'3

CLS

OPTION BASE 1

DIM X(513),X2(513),AVHAB(S13),VAR(S13) ,TAV(31),CI(513)

FOR I=1 70 3t
READ TAV(I)
NEXT I

DATA 12.71,4.303,3.182,2.776,2.571,2.447,2.365,2.306

HED |
1 BRIAN QUAYLE
: 30 - NCT-84

DATA 2.262,2.228,2.201,2.179,2.160,2.145,2.131,2.12,2,11,2.101
DATA 2.093,2.086,2.08,2.074,2.069,2.084,2.06,2.056,2,052,2.048

DATA 2.045,2.042,2.02
N=0

INPUT "ENTER NAME OF INPUT FILE
OPEN "1",#1,A%

INPUT "ENTER GUTPUT FILE NAME ";
INPUT "ENTER SPECTRAL LINE SPACI
IF EOF(1) THEN GOTD 480

N=N+1 -

INPUT#1, N$

PRINT N$

OPEN "1" 42, N$

INPUT#1, M$

PRINT M$

OPEN 1", 43, H$

1=0

IF EOF(2) THEN 307D 450

I=1+1

INPUT#2,A

INPUTE3,B
DEB=ATN(B/A) % (180/3.14159)
IF(ACO) AND{B>0) THEN DEG=DEG+180
1F (A<O) AND (B<O) THEN DEG=DEG-180
$(1)=X{1) +DEG

X2(1)=X2 (1) +DEG*2

PRINT 1#L5-LS;DEB;X(I);X2(I)
G070 340

CLOSE #3

CLOSE #2

CATALOG ";A$

B¢
NG ";L8
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o910
520
930
340
350
940
70
580
590
400
610
620
630
4390
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80TO 250

CLOSE #1

QPEN ®"0",#1,B$

K=N

IF N>31 THEN K=31

FOR J=1 TO 1

VARCJ) = (N%X2(3)-X {3122}/ (N% (N~1))
X431 =X (31 /N
CI(I)=TAV(K)# (VAR (J) /N)~2

PRINT J#LS-L8;X{Jd);VAR(I);CI(I)
PRINT#1,USING"§445#, 848 "3 J*LS-LS, X (D), CI(D
NEXT

CLOSE #t

FOR 1=1 TO 3

BEEP

FOR J=1 70 200

NEXT

NEXT

END
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C.2.5 LISTING OF CALII.FOR
ccccococcccCooctocooeoocoocotooooctooecccoccococccccoceoccceceoccecococoee

CCCCCCCGOCCCCCooooCcCooiococcccooccCococcococcccococccococococcecocccoc

c - C
c PHASE CALIBRATION PROGRAM FOR INTENSITY c
c TRANSFER FUNCTION METHOD £
C TYPE 1 c
C C
C c
C VERSION : 1 c
C PROBRAMMER : R.NAVANEETHAN C
c DATE + 20-MAY~83 C
£ C
C C
c

£

CHH##¥% FOR HMORE DETAILS ON THIS METHOD REFER KU-FRL REPORT
Cassangd KU-FRL-417-22
c
c
Ch#y#44 DIMENSION BTATEMENTS
c
COMPLEX CALA (512)
COMPLEX CHPLX
CHARACTER #135 NAMET,NAME1,NAMEZ,NAMEJ ,NAME4,NAMEC
CHARACTER #1 AR
REAL X(312),Y(512)
REAL ABIB{4}
DATA ABIB/4%0./
DATA NAMEL/"B:TFNCAL.DLO™/
DATA NAME2/"B:TFNCAL.DHI"/
DATA NAME3/"B:CALII.DLO"/
DATA NAME4/"B:CALII,DHI"/
RAD=180./3.14159562
WRITE(1,400)
600  FBRMAT(' ENTER FREDUENCY RANGE : '$)
READ{1,601) SFRER ’
601 FORMAT (F0. Q)
IFLAG=!
NAMET=NAMEL
NAMEC=NAMES
IF (GFREQ.BT.1000.) IFLAG=2
IF (IFLAG.NE.2) BOTOD 112
NAMET=NAME2
NAMEC=NAHE4
112 CONTINUE
C
Chéd###444 CHANGE N DEPENDING UPON THE ANALYZER
c
N=402
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c
CHuBUBHBE4E OPEN DATA FILE CONTAINING TRANSFER FUNCTION DATA
c
IF(IDREAD(B,2,0,NANET)) STOP
J=1
DO 1 I=1,47
READ{B,100) {X(J1), Ji=J,J+5)
J=d+b
1 CONTINUE
=t
DO 11 I=1,47
READ (8,100} (Y(J1), Ji=J,J+5)
J=d+b
{1 CONTINUE
c
CHbu4#4# CHANGE FORMAT STATEMENT DEPENDING UPON THE ANALYZER
E
100  FORMAT (4E0.0)
IF(I0CLOS(8)) STOP
NAHET="A:STATLO.DAT"
IFf (IFLAG.ED.2) NAMET="A:STATHI.DAT"
IF(10READ{4,2,0,NAMET)) STOP
READ(b,114) FREQ
114 FORMAT(F0.0)
IF (FREQ.NE.SFREQ@) GOTO 999
BW=SFRED¥2.54/1024.
D0 3 I=1,N
READ(4,110) AMEAN,ALVL
110  FORMAT{F9.3,1X,F9.3)
IF(ALVL.LT..1) ALVL=.{
THETA1=ATANZ(Y{I),X (1)) *RAD
" IF({IFLAG.ER.2).AND. (I.6T.280)) GOTO 4
IF(I.E@.1) THETA1=0,0
SIGMA=ALVL*SORT (30.)
ZSTAT= (AMEAN-THETA1) / (SIGMA*SORT (1./30.+1./5.))
987  FORMAT( *,F15.2,2F15,3)
IF (ABS(ISTAT).LE.1.96) GO TO 4
WRITE{1,990)
990  FORMAT (' FREQUENCY CAL VALUE
YISTAT ) )
FRO=FLOAT (I-1) %BY
WRITE(!,987) FRE,THETAL,ZSTAT
989  WRITE(1,113) :
113 FORMAT(' VALUES NOT WITHIN LIWITS! ACCEPT OR REJECT
%CA/RY 1 %)
READ(1,988) AR
988  FORMAT(AO)
IF ((AR.NE."A"),AND. (AR.NE."R")) GOTO 989
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IF{AR.EQ."R") GO TO 798
CONTINUE
THETA1=-THETA!/RAD -

CALA{I}=CHPLX(COS(THETAL) ,SIN(THETAL))

CONTINUE

Caspsadugss OPEN PHASE CAL DATA FILE

c

£02

101

999

700

798
9999

IF(IBHRIT(10,2,0,NAMEC)) STOP
ABIB(1)=8FRED

ABIB(2)=2,

WRITE(10,102) (ABIB(J) J=1,4)
FORMAT(® *,4F15.5)

B0 2 I=1,N

WRITE(10,101) CALAC(I)
FORMAT(" ',2E15.95)

CONTINUE

IF(IoCLOS{106)) STEP

GOTO 7999

WRITE(1,700}

FORMAT(® FREBUENCY MIS-MATCH')
GO TO 9999

CONTINUE

CONTINUE

STOP

END
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100
110
120
130
149
130
160
170
180
190
200
210
229
230
240
250
260
270
289
299
300
310
320
330
340
330
360
370
380
390
400
410
420
430
449
430
460
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LISTING OF INTE60.BAS

-6

SEEEEEE s e E R TR EEA TSR R R AR RS B L IR FEE R ER T EE TR LT LT L
¥ i
# TRANGFER PROGRAM FOR CROSS SPECTRUM #
# &
eEE Rl RS R ER R EEE R TS It E SR R R R T R R SRS ETE
.
#
#
8

VERSION : 4
PROGRAMMER : R.NAVANEETHAN
DATE : 1-20-84
‘o
‘g
SCREEN 0,0
DEFINT I-N
CLS:CLOSE
LOCATE 25,1
C$="17Z0A355Y2515Y2615Y2725HAJ2E0777=8"
PRINT STRINGS(60," ")
SYN$=CHR$(22)
LBCATE 1,1
GPEED$="9400"
COMFIL$="COML:"+SPEEDS+" ,N,8,2"
OPEN "SCRN:" FOR OUTPUT AS #2
LOCATE 25,1:PRINT "640B TRANSFER PROGRAM"}
LOCATE 1,1:PRINT STRING${(40," "):LOCATE 1,1
LINE INPUT "INPUT FILE? <TYPE E TO EXIT > :";DSKFILS
IF DSKFIL$="E" THEN 440
OPEN COMFILS AS #1
LOCATE 1,1:PRINT STRING$(40," "):LOCATE 1,1 -
OPEN "R",43,DSKFIL$,72
FIELD #3, 72 AS Ri$
FOR IC%=1 TO 34
D$=MID$ (C$,I1C%, 1)
GOSUB 430
NEXT IC%
REM CONTINUE
LOCATE 1,1
GOSUB 470
D$="7";GOSUB 430
D$="7":GOSUB 430
D$="=":GOSUB 430
D$="9"; GOSUB 430
BOSUB 470
CLOSE #3:CLOSE #1:CLS
GOTD 210
PRINT #1,D%;
FOR IK%=1 TO 200:NEXT IKYZ
IF LOC(1}<>1 THEN 450
AS=INPUT$(1,81):IF ASC(A$)=6 THEN RETURN ELSE PRINT #2,
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470
480
490
500
510
320
530
340
530
560
370
380
390
800
&10
620
630
&40

J=0

FOR IC%=1 TO 22

PRINT #1,5YN$;

I=J+1

IF LDC(1)<72 THEN 510
H1E = INPUT$(72,#1)
IF 3317 THEN GOTO 550
5OSUB 590

NEXT 1C%

IF LOC{13<>1 THEN 540
A$=INPUTS(1,41)
RETURN

REM CONVERT TO REAL
R$=H1¢

LSET R1$=R$

PUT #3

RETURN

CLOSE: END

ORIGINAL PAGE 1S
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C.2.7 LISTING OF INTCAL.FOR
ccccccocCCooocccooecoccococcoccccceCcoocococcececcocccooccececoecoocooeeccecce

C c
C PHASE CALIBRATION PROGRAM FDR INTENSITY c
C c
C c
c YERBION 1 | €
C PROGRAMMER : R.NAVANEETHAN c
C DATE : 02-SEP-83 C
C c
CCCCECCCCCCCCCCOCRCCCCLOCCCCCECCECCCCCECCCCCCCCCCCOCCCOCoECeoCLt
C

L

C ~

CHHeBRBH4H THIS PROGRAM CALCULATES THE PHASE CALIBRATION USING
CHa##338 THE METHOD DESCRIBED IN “"THE APPLICATION OF ACOUSTIC
Ciaassas INTENSITY FOR ENGINE NOISE REDUCTION" BY M.D.CROCKER
CHH##S4HR ET AL, PRESENTED AT THE INTERNATIONAL CONFERENCE ON
CRu#338% RECENT ADVANCES IN ACOUSTIC INTENSITY METHODS,
Cauugiss  OSENLIS, FRANCE, OCT 1981
£
Y
Casfitsd  THE FIRST LINE OUTPUT IN ANY DATA FILE CONTAINS FOUR
Cas44+88% VARIABLES INCLUDING FREQUENCY RANGE OF ANALYSIS,
Cagan#nsd DISTANCE BETWEEN MICROPHONES, AREA SWEPT BY THE
Ca#saa#d MICOPHONE ETC.
C
C
C
C
CHEH#HBHHESE DIMENSION STATEMENTS
C
€
CH4#49444 DEPENDING UPON THE FFT ANALYSER CHARACTERIBTICLS THE
Co###4448 DIMENSION VALUES NEED TO BE CHANGED.
£
c
G

CBMPLEY CALA(408),CALB(408),C1
C
CH##4#% THE FOLLOWING STATEMENT IS PECULIAR TO SUPERSOFT FORTRAN
C

COMPLEX CHPLX
c
Chstisd
C

REAL X(408),Y{(408)

REAL ABIB(4),BBIB(4)

CHARARLTER #12 NAHEL,NAMEZ,NAMETZ
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CHARACTER#2 STRI1
CHARACTER#14 FSTRG,CSTRG
CHARACTER#1 ACHAR
INTEGER #*1 1J(72)

DATA

DATA

DATA

DATA

DATA

DATA
c
CHnsnnaday
Chstigpdpsas
Caftidangg
Castisngses
c

NAME1/"B: XSNORM. DLG"/
NAMEZ2/"B: ¥SSWCH. DLO"/
NAME3/"B: INTCAL,DLO"/
STR1/"HI"/
ABIB/4%0./
BBIB/4%0,/

READ DATA FROM X-SPEC DATA FROM THE FFT ANALYZER
8TORED IN THE DISC

THIS FORMAT FOR OPENING THE DISK FILE 1S PECULIAR
TO SUPER SOFT COMPILER

WRITE(1,700)

700  FORMAT(' ENTER FREQUENCY RANGE OF ANALYSIS : '$)
READ{1,B00) SFREQ

800  FORMAT(FOQ,0)

IFLAG=1

IF{SFREB.LT.,1001,) GO TO 87
1FLAG=2

CALL PUTCHR(NAMEL,11,KHAR(STRI,1))

CALL
CALL
CALL
CALL
CALL

PUTCHR (NAME1,12,KHAR(STRL,2))
PUTCHR (NAMEZ,11 ,KHAR(STR1,1))
PUTCHR (NAME2,12,KHAR(STR!,2))
PUTCHR (NAME3,11,KHAR(STRI, 1))
PUTCHR(NAME3,12,KHAR(STR1,2))

87 CONTINUE
IF(IORAND(72,72,5,0,NAMEL)) STOP

KL=0

DO 10 I=1,34
READ(S/1) {1J(K) ,K=1,72)

£

Cassias# CONVERT 3 BYTES FROM NICOLET 4608 TO 4 BYTE REAL
Casafi8# VALUES OF SUPERSOFT FORTRAN

C

DG 11 J=1,72,3
KL=KL+1

KJL=KL-408

J1=11{3)

32=13{I+1)
13=11(3+2)
IF(J3.LT.0)73=256+4J3

Jh=1

IF(J2.LT.0) JM=~{
JP=IABS(J2)
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CALL SUB1(JP,CSTRS)
FGTREB=0CETRG
CALL SUB1(J3,CETRE)
CALL INSERT{(CSTRG,FSTRE,!)
V=0,
DO 20 KI=1,15
K=16-KI
v1=0
CALL PUTCHR{ACHAR,1,KHAR(FSTRG,X))
IF (ACHAR.E@.,"1") Vi={
V=y+y1/2#%K]
20  CONTINUE
IF(IM.EQ. 1) V==Y
IF{KL.LE.408) X{XL)=V%2,%xJ{
IF(KL.BT.408) Y(KJL)=V%2, ¥%J1
11 CONTINUE
10 CONTINUE
IF{10CLDS(S)) 8TOP

N=408
DO 12 I=!,408
Y{In= =Y{I)

CALA(I) = CMPLX(X{I),Y(I})
12 CONTINUE
c
CHES4H#E READ NEXT FILE
€
IF (1DRAND(72,72,5,0,NAMEZ)) STOP
KL=0 :
D6 3110 1=1,34
READ{S/1) (1J(K) ,K=1,72)
00 3111 J=1,72,3
KL=KL+1
KJL=KL-408
J1=13¢0)
J2213 (J+1)
I3=1d(3+2)
IF(J3.LT,0)J3=254+J3
IM=1
IF(32.LT.0) JH=-1
JP=1ABS (12)
CALL SUB{{JP,CSTRE)
FSTRB=CSTRS
CALL SUBI{J3,CSTRG)
CALL INSERT(CSTRG,FSTRG,1)
V=0,
DS 3120 KI=1,15
K=16-KI
V1=0
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CALL PUTCHR(ACHAR,!,KHAR(FSTRE,K)}?
[F(ACHAR,.ER, "1") Vi=1
V=V+i1/2%%K1
3120 CONTINUE
IF{JM.ER. -1}V==VY
IF(KL.LE.408) X(KL)=V32,¥%J1
IF(KL.B6T.408) Y(KJL)=V%2Z,%%J1
3111 CONTINUE
3110 CONTINUE
IF{IDCLGS(S)} STOP

0o 3 1=1,N
3 CALB(I)=CHPLX(X(I),Y(I))
¢
CHuus#4  END OF DATA READ
c

IF{I0WRIT(10,2,0,NAMES)) STOP
ABIB{1)=5SFRED
BBIB{1)=5FRED
ABIB{2)=2.
BBIB{2)=2.
WRITE(10,102) (ABIB(J) ,d=1,4)
102 FORMAT(' ',4E15,5)
C
C#44#44 FOR MORE DETAILS ON THE METHOD SEE REF ABOVE
c
DO 21 I=1,N
c
CH#4#HHEE SEE REPORT KU~FRL-417-22 FOR DETAILS
c
Ci = CALA(I)/CALB(I)
THETA = ATANZ(AIMAG(C1)/REAL{C1))}/2,
CALA{I}=CHPLX(COS(THETA) ,SIN(THETA))
c
C#4##444% MWRITE TO DISK NEW PHASE CAL VALUES
c
WRITE{(10,101) CALA(I)
101  FORMAT{' ’,2E15.3)
21 CONTINUE
1F(I0CLOS{10)) STOP

5TOP

END
C
CHI4H44 FIND BIT PATTERN FOR GIVEN INTEGER
C

SUBROUTINE SUB1 (JP,CSTRG)

CHARACTER#!6 BSTRG,B(8) ,CSTRG,SUBSTE

INTEGER#2 JO(3)

DATA B/"OUO","OOi","010";"011","1'00","101","110“,"111"/ -
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BSTRG=""

CSTRG=""

JO(1} =MOD(JP,8)

JPL = JP/8

30{2) =MOD(JIP1,8)

30(3) = Jp1/8

DO 31 JI={,3

IP=30(J1) +1

CALL INSERT(B(JP),BSTRG,1}
DO 32 Ji=1,8

IK= 10-J1

CALL ADDSTG(CSTRG,SUBSTG(BSTRE,JK,JK))
CONTINUE

RETURN

END
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C.2.8 LISTING OF INTSTY.FOR

CCCCccocceccoicCcooecoccecoocccoccccCcCcocCeoccoecceooccoccececcceceneee

401

C - L
C C
¢ c
C PROGRAM TO CALCULATE THE INTENSITY SPECTRUN c
c c
€ C
C C
CCCcccrococccCEccccccocceccococccoccocceLeccocecococcececeoocccocccceocceacee
C

£

CHeaaaana VERSION 1 1.i SHEERRRA BB
Chssasnpnns PRDGRAMMER ! R.NAVANEETHAN i3s3 EX LT
Chisigsnsias DATE : 19-JAN-84 iR EFIEE LTS
c

e

CHHH#EHE484 A WORD ABOUT THE WAY THIS PROGRAM IS WRITTEN !!!!!!
CoeBuubasY

CHasayaaag EACH SPECTRAL DATA ARRAY 1S ASSOCIATED WITH AN
C#34984844 ADDITIONAL ARRAY WHICH DEFINES THE RELEVANT PARA
CHE#444444 HETERS AGSSOCIATED WITH THE ARRAY. FOR INTENSITY
Chssdaanas SPECTRUM THESE ARE SAMPLING FRERUENCY (ANALYSIS
CHAEBBRBHHY FREGUENCY RANGE), MIC SPACING AND AREA ASSOCITAED
CHRSR88849 WITH THE MEASUREMENTS. ADDITIONALLY, ONE MORE SPEC
CHEB4R4444 CAN ALSO BE INCLUDED. THESE FOUR VALUES ARE STORED
CH##sa#da4 IN THE BEGINNING GF EACH INTENSITY SPECTRUM DATA
CHe4adaH84 ON THE DISK. THE UNIT OF INTENSITY VALUES STORED
CHBBAHBAHE IS WATT/HN 2.

g

¢

Ch#fsus# INPUT DATA REQUIRED:

CHsssas 1. DATA FILE CONTAINING XPSFILE NAME, FREQUENCY
Chstaad RANGE, INPUT MAX AMPLITUDE CHANNEL A, INPUT
CHEnaad MAX AMFLITUDE CHANNEL B, NUMBER OF AVERAGES
Chasises HICROPHONE SPACING AND AREA ASSOCIATED WITH
Casnats EACH MICROPHONE. THIS FILE SHOULD BE NAMED
CHiHsd4 APSCAT.DAT. AND SHOULD BE AVAILABLE ON THE
CHssdas DISK A: REFER TO TEST PROCEDURE IN KU-FRL
Chiddas REPORT KU-FRL-417-22,

CHanHds 2., MAGNITUDE CAL DATA WITH FILE NAME CALDAT.DAT
Chiiiias THIS FILE IS AUTOMATICALLY CREATED WHEN

Chagaas MAGNITUDE CALIBRATION IS PERFORMED

CHssiass 3. PHASE CALIBRATION DATA UNDER FILE NAME

Chufaad CALII,DLO (OR CALII.DHI}., IF METHOD II

CHasass CALIBRATION IS USED, RENAME FILE INTCAL.DLO
Chihssg (OR INTCAL.DHI) TO CALII.DLD (OR CALII.DHI)

"
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CHHE4E4 DIMENSION STATEMENTS

C

C

COMPLEX AXPS(408),CAL(408)

COMPLEX CHMPLX

REAL: BBIR(4) ,BINT(408),X(408),Y{408),5PL(408) ,AREA(100)
REAL SFRER{100),AIN(100),BIN{L0O},AVE(100}),58PAC{100)}
CHARACTER*! ANS,ACHAR

CHARACTER#15 INAME (100} ,NRME

CHARACTER #3 1IN

CHARACTER #5 OUT

CHARACTER%#1&6 FSTRG,CSTRE

INTEGER*1 [J(72}

DATA OUT/"ASPOO"/

DATA IN/"AIN"/

DATA NAME/"B:XS8S00L. 000"/

DATA BPL/408%0.0/

CH#4884 READ MAB CAL FACTORS

C

421
423

422

700
701

c

IF{IOREAD(6,2,0,"A:CALDAT.DAT™)) BOTO 421
GO TO 422
CONTINUE
WRITE(!,423)
FORMAT(" ERROR DPENINB FILE A:sCALDAT.DAT")
. STOP
CONTINUE
READ{&,700) ACAL,BCAL
READ(&,700) ARAN,BRAN
READ{5,701) NAVGA,NAYGSB
FORMAT(2E15.95)
FORMAT(215)
IF {10CLOS(6)) 8TOP

C#####4# READ XPS FILENAME AND TEST DETAILS

c

671
673
672

322

323

IF (IOREAD(&,2,0,"A1XPSCAT,.DAT")) GOTD 471
B0 78 672

WRITE(L,&673)

FORMAT(' ERROR OPENING FILE A:XPSCAT.DAT')
gT0P

CONTINUE

J=1

CONTINUE

READ(&,323 ,ENDFILE=324)INAME(J) ,BFREG(J) ,AIN(J},BIN(J),
LAVG(J) ,SPAC(JI) AREA(J)

J=J+1

G0 TO 322

FORMAT(AL12,1X,6F0.0)
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324 JFILE=J-1
CONTINUE
IF (10CLOS(6)) STOP
C
CH445#8% READ PHASE CAL VALUES
C
NAKE="As CALII,DLO"
IF (SFREG@(1).67.1001) NAME="A:CALII,DHI"
IF (10READ(9,2,0,NANE)) GOTO 941
_ 60TO 942
961 WRITE(1,963)
963  FDRMAT(' ERROR OPENING A:CALII.DLD OR A:CALII.DHI FILE")
5TOP
962  CONTINUE
READ(9,103) Al,A2,A3,A4
103 FORMAT{4F15.5)
DD 120 I=1,408
READ{%,121) CAL(I)
121  FORMAT(2E15.5)
120  CONTINUE
IF (I0CLOS8(9)) STOP
C
CHE#544#% CHANGE DISK FOR OUTPUT FILES
C
WRITE(1,800)
800  FORMAT(' REMDVE PROBRAM DISK IN DRIVE A:; INSERT
%0UTPUT DISK AND HIT RETURN'$)
PAUSE
CONTINUE
¢
CH484#4 CHANGE N DEPENDING ON THE ANALYZER SPEC
C

N=408
C
Cassanas MAIN LOOP FOR FILES
c

DD 900 IC=1,JFILE
IF (IFIX{SFRE@(IC)+.05).NE.IFIX(AL+,05)) GO TO 1000
752  CONTINUE
" IF(IDRAND(72,72,9,0,INAME(IC))) B0 10 750
G0 TO 751
750  CONTINUE
WRITE(1,780)
780  FORMAT(’' CHANGE INPUT FILE DISK IN DRIVE B: AND HIT
%RETURN'$)
PAUSE
G0 TO 752
751 CONTINUE
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WRITE(f,798) INARME(IC)
798 FORMAT(' ' ,A0)
KL=0
bg 10 I=1,34
READ(R/I) (II(K) ,K=1,72)
c
CH##4444 CONVERT FROM 3 BYTES FROM NICOLET 460B 7O 4 BYTE
Ch#s#a#4% REAL VALUES OF SUPERSOFT FORTRAN
C
Do 11 J=1,72,3
KL=KL+}
Kil= KL-408
di=IJ¢J)
J2=1d (d+1)
J3=13(J+2)
IF(d3.LT.0)d3=204+J3
dM=1
IF(IZ2.LT.0) IM=~1
JP=1ABS{J2)
CALL SUBI{JF,[STRG)
FSTRG=CETRG
CALL SUB1{J3,C8TRG)
CALL INSERT(CSTRG,FSTRG,1)
y=0,
DD 20 Ki=1,!15
K=16-~KI
Vi=0
CALL PUTCHR(ACHAR,1,KHAR{FSTRG,K))
IF (ACHAR.ETG."1") Vi=1
V=V+V1/2%%K1
20 CONTINUE
IF{IM.EQ.~1)V=~Y
IF(KL.LE. 408) X{KL)=V*2,##J1
IF(KL.BT.408) Y{(KJL)=V#2,%%J}
i1 CONTINUE
1¢ CONTINUE
’ IF(IDCLOS{9)) STOP
BBIB(1)=SFREG(IC)
BBIB(2)=2.
BEIB(3}=SPAC(IC)*%.0254
BBIB(4)=AREA{IC)*.0254%,0254
c
CHUBEHS DATA FOR OUTPUT FILE SPEC
C
NAME=INANE(IC)
CALL PUTCHRINAME,1,KHARCIN,1})
CALL PUTCHRINAME,3,KHAR(IN,2))
CALL PUTCHR(NAME,4,KHAR{IN,3))
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£

C####48 CORRECT FOR MAG AND PHASE CAL

C
TEMP=ACAL*BCAL* (AIN(IC)*BINCIC) )./ (ARAN%BRAN) / (AVG (IC)
&/FLOAT(NAVGR))
DO 111 I=1,N

(1) =X{I) *TENP

Y{I)=Y{I)*TENP

AXPS(L)=CMPLX{X{I),Y(I}}
111 CONTINUE

po 4 I=1,N
AXPS{I)=AXPS{I)*CAL(I)
4 CONTINUE
£
C##44#8# OPEN & WRITE OUTPUT FILE
c

IF(IOWRIT(10,2,0,NAME)) BD TO 7535
G60TO 734
755 WRITE(1,757)
797  FORMAT(' ERROR IN OPENINGE GUT PUT FILE'$)
ETOP
736  CONTINUE
WRITE(10) (BBIB(I),I=t1,4)
Ci123  FORMAT{1X,4Et5.3)

C
c
C#4##44# CALCULATE INTENBITY
c ,
C
DO 5 I=L{,N
BINT(I)=AIMAG(AXPS{I))
c

CHH####8 ©TD SEA LEVEL VALUE FOR DENSITY OF AIR WAS ASSUMED.
CHi###8 FOR BETTER ACCURACY, DENSITY SHOULD BE CALCULATED
£
RHEB=1,225
BINT(I)=BINT{I}/({1.223%BBIB(3))
c
Chifass THE FOLLOWING STATEMENT DEPENDS ON THE ANALYZER
c .
(OMEGA=2.%3.1415962%FLOAT(I-1)*#BBIB{1)%2.56/1024,
BINT(I)=BINT(1)/OMEGA
HRITE(1Q0} BINT(I)
Cic4  FORMAT(' ‘,E15.9)
3 CONTINUE
IF(IBCLOS(10}} STOP
DO & I=1,N
SPL{I)=SPL(I)+BINT(I)*BBIB(4)
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b CONTINUE
900 CONTINUE

NAME=INAME (1}

CALL PUTCHR (NAME,I,KHAR(DUT,1))

.CALL PUTCHR{NAME,3,KHAR(OUT,2))

CALL PUTCHR(NAME,4,KHAR(DUT,3))

CALL PUTCHR (NAME,&,KHAR(QUT,4))

CALL PUTCHR{NAME,7,KHAR(OUT,5))

WRITE(1,750)
790  FBRMAT(' REMOVE DUTPUT DISK IN DRIVE A: AND INSERT SPL

¥DI5K %)

PAUSE

CONTINUE

IF (IDWRIT(9,2,0,NANE)) STOP

DB 791 I=1,N

FR=FLOAT (1~1) *SFREQ (1) %2.56/1024.

WRITE(9,792) FR,SPL(I)
791  CONTINUE
792  FORMAT{' ',2E15.5)

IF (10CLOS(9)) STOP

G0 TO 999
1000 CONTIRUE

WRITE{1,764)
764  FORMAT(‘ ERROR IN THE ANALYSIS RANGE SPEC’)
999  CONTINUE

§T0P

END
C
CH#BBEE FIND BIT PATTERN CORRESPONDING TO AN INTEGER
C

SUBROUTINE SUB!{JP,CSTRB)

CHARACTER#146 BSTRG,B(8),CSTRG,SUBSTH

INTEGER*2 J0(3)

DATA B/"000","001","010", 011", 100", »101", 110", "111"/

BSTRG=""

CSTRB=""

J0{1) =MOD(IP,B)

Pl = JP/8

J0(2) =MOD(JIP!,8)

104(3) = JP1/8

B0 31 JI=1,3

JP=J0(J31) +1
31 CALL INSERT(B(JP),BSTRG,1)

D0 32 JI=t,8

JK= 10-J1

CALL ADDSTG(CSTRG,SUBSTG(BSTRE,JK,IK))
32 CONTINUE

RETURN
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N R T R

‘HEHBRBUHHRARARANBSHBHHERHNA DN BB IHUG B BAN U BRI
‘% ¥
‘# TRANSHISSION LOSS PLOT PROGRAM i
'# : ¥
"HERABHHSHABHREBBHUBEBHHEI NN BRHIBHHHUHRRUEI RS
‘¥
'# PROGRAMMER : R.NAVANEETHAN
" VERSION : 2
'# DATE : 3-9-84

10 %

11 '8

100 DIM TL{B17),FR(817) ,P{&)
110 DEFINT I

120 RRAD=57,29578

130 DEF FNALOG(X)=LGG(X}/LOG(10)

140 E$=CHR$(3)

150 REM PRDGRAM TRANSMISSION LDSS PLOT

160 XLBL$="FREQUENCY ~ HI "

170 YLBL$="TRANSMISSION LOSS ~ DB"

180 INPUT"TURN ON PLOTTER, AND HIT RETURN WHEN READY", A%
190 OPEN "COM1:9400,E,7,1" AS #1

200 ‘CLEAR PLOTTER

210 PRINT #1,"DF;0E;"

220 FOR IK={ TO 100:NEXT IK

230 IF LOC{1)=0 THEN 230

240 FOR IK=1 TO 100:NEXT IK

250 A$= INPUT$(LOC(1),41)

260 IF YAL{A$)=0 THEN GOTO 290

270 PRINT j "PRINTER ERROR ";VAL(A$);" OCCURED!"
280 STOP

290 'CONTINUE

300 PRINT #1,"IP 1543,1488,9559,7520;"

310 X1=FNALOB(20):Y1=0: X2=FNALOG(5000) : Y2=40:GOSUB 2190
320 ‘SET CHARACTER SIZES'

330 H=1,5:AR=1,5:A0R=01:5L=0!1G0SUB 2000

340 INPUT "ENTER PEN NUMBER (1 THRU 8) = ",It

350 PRINT #1,("SP"+STR$(I1)+5%)

360 ‘END OF PEN SELECTION

370 INPUT DO YOU WANT TO DRAW AXIS <Y/N> = " ,V$
380 IF (Y$<>"Y" AND Y$(O"N") THEN 60TQ 370

390 IF Y$="N" THEN GOTO 890

400 'DRAW AXIS'

410 XCORD=FNALDG(20):YCORD=0!:11=-2!:G05UB 1660
420 XCORD=FNALOG(5000)1YCORD=0!:11=2!;G05UB 1640
430 XCORD=FNALDG(5000):YCORD=40:11=2!;:B0SUB 15640
440 XCORD=FNALOG{20):YCORD=60:11=2!:BOSUB 1640
450 XCORD=FNALOG(20):YCORD=0!:11=~1!:GG5UB 1640
450 * X-AXIS
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470 J=1

480 FOR I=2 TO 10

490 XCORD=FNALOG(10%I1%J):YCORD=0!:11=0!:G08UB 1640
500 XINC=0!:YINC=0:11=~2:G0SUB 1810

510 IF I<>10 THEN XINC=0!:YINC=.9:I1=-1:B0SUB 1810
520 If I=10 THEN XINC=0!:YINC=1.B:I1=-1:G0SUB 1810
530 IF I<>10 THEN CM=~,4:CH=~1.6:G05UB 1950
540 IF I1=10 THEN CH=(~11!%FNALDG(J¥100)/2):CH=-2,8:G0SUB 1940
550 L1$=RIGHT$(S5TRE(I),1)

560 IF(1=10 AND J=!) THEN L1$="100"

570 IF(I=10 AND J=10) THEN L1$="1000"

580- LBL$=L1%$:GOSUB 2540

5§90 IF (J=100 AND I1=5) GOTD 430

500 NEXT I

610 J=J%10

620 GOTO 480

630 'CONTINUE

640 XCORD=FNALOG{300):YCORD=0':1=1:608UB 1440
550 YINC=0!:YINC=-4':1I=1:60SUB 1810

660 CH=-7:CH=-1:60SUB 1940

£70 H=2:AR=1,5:A0R=0':5L=0:BOSUB 2000

680 A$="LB"+XLBL$+E$

690 PRINT #1,A%

700 ' START Y AXIS

710 XCORD=FNALOG(20):YCORD=0!:11=1:60SUB 1440
720 H=1,5:AR=1.5:A0R=0!:5L=0:GOSUB 2000

730 FOR 1=0 TO 40 STEP 10 .
740 XCORD=FNALOG{20):YCORD=1:1I=11:;G08UB 1640
750 XINC=FNALDG(1.07):YINC=0:1I=2:G0SUB 1810
7640 PRINT #1,"PU;"

770 CH=-4!:CH=-.3:60SUB 1940

780 A$="LB"+RIGHT$ (STRE(I1),2) +E$

790 PRINT #1,A$

800 XCORD=FNALOG(20):YCORD=I1:11=1:G0SUB 1640
810 NEXT I

820 XCORD=FNALDBG(20):VCORD=30:I1=1:608UB 1440
830 XINC=-FNALDG(1.25):YINC=0:11=1:G0SUB 1810
840 H=21!:AR=1,5:A0R=901!:8L=0!160SUB 2000

850 CW=-10':CH=0!:60SUB 1940

840 A$="LB"+YLBL$+ES$

870 PRINT #1,A$

880 'END OF YAXIS

890 ‘PLOT DATA

900 PRINT "LOW FREQUENCY DATA"

910 IKMAX=1:I1FLG=1

920 GOSUB 1310

930 KIMAX=KIMAX

940 IFLG=2
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50 PRINT "HIGH FREQUENCY DATA"
960 B6OSUB 1310
70 IKMAX=IKMAX-1

980

‘CONTINUE

990 FOR I=1 7O IKHAX

1000
101¢
1020
1030
1040
1050
10460
1070
1080
1050
1100
1110
1120
1130
1140
1150
1140
{170
11890
1190
1200
1210
1220
1230
1240
1250
1260
1279
1280
1290
1300
1310
1320
1330
1340
1350
1340
1370
1389
1390
1400
1410
1420

X=FR(I)

Y=TL(I)

IF I=1 THEN XCORD=FNALDBG(X):YCORD=Y:11=3:608UB 1640
IF I<>1 THEN XCORD=FNALDG{X):YCORD=Y:I1=2:B0SUB 14660
NEXT 1

PRINT #1, "Py;"

INPUT "WANT LEAST SGUARE LINE CY/N> = ",V$

IF Y$<>"Y" THEN BOTO 1270

INPUT "MIN FREQUENCY FOR LEAST SQUARE LINE? = " ,ANF
SUMX=0!:SUMY=0! 1 SUNX2=011 SUMXY=0!

N1=0

FOR 1=1 TO IKMAX

IF FR(I)<AMF THEN GOTD 1170

T1=FNALOG(FR(I))

Ni=N1+1

SUMX=SUMX+T {1 SUMY=SUMY4TL(I)

SUMX2=SUMX2+T1~2: SUNXY=SUMXY+T1*TL(1)

NEXT I

SLOP=(SUMXY-SUMX*SUNY/N1) / {SUNX2~BUNY~2/N1)

YINT = (SUMY-SLOP%SUMX) /N1
X=FNALOB (ANF) 1 Y=SLOP*X+YINT

INPUT "ENTER PEN NUMBER ({ THRU B8) = ",It

PRINT #1,("SP"+STR${I8)4";")
XCORD=X:YCORD=Y: 11=3: 605UB 1660
X=FNALOB (5000) : Y=SLOP¥Y+VINT

XCORD=X: YCORD=Y: I1=2:GOSUB 1460

PRINT #1,"8Py"

*CONTINUE

INPUT “WANT TO PLOT HORE CURVES <Y/N> = ",Y$

IF Y$="Y" 50TO 300

END

‘ROUTINE TO READ DATA

LINE INPUT;"FILE NAME OF DATA WITHOUT PANEL = *,FILE1S$
PRINT

OPEN "I",42,FILEl$

LINE INPUT;"FILE NAME OF DATA WITH PANEL = " ,FILE2$
PRINT

OPEN "I", #3,FILE2$

K=IKMAX

K1=17:K2=401

IF IFLB=2 THEN K1=41

FOR I=f TO 402

INPUT #2, Xi,Yi
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1430 INPUT #3, X2,Y2

1440 IF((I<K1) DR (13K2)) THEN 1510

1450 IF {Y1<0) THEN Yi=1E-12

1460 IF (Y2¢0) THEN Y2={E-12

1470 TL(K)= L0#FNALOB(Y!)-10%FNALOG(Y2)

1480 IF(IFLB=1) THEN FR(K}=(I-1)#%1,25

1490 IF(IFLG=2) THEN FR(K)=(I-1)%12,5

1500 K=K+1

1510 NEXT 1

1520 1KMAX=K

§530 CLOSE $2:CLOSE#3

1540- RETURN

1550 ‘ SUBROUTINE FIND INTEGER FROM QUTPUT STRING
1560 B=""33=1

£570 FOR I=1 TO NLDC-1

1580 CH=MID$(A$,1,1)

1590 IF C$="," THEN GOTO 1420

1600 B$=B$+C$

1610 BOTO 14630

1620 P(J)=VAL (B$):J=J+1:B4=""

1630 NEXT 1 |

1640 P{J)=VAL(B$)

1650 RETURN

1660 ‘SUBROUTINE PLOT

1670 1E=INT{I1/2)%2

1680 IF(II>0 AND IE=11) THEN PRINT #!,"PD;*

1690 IF(II30 AND IE<>II) THEN PRINT #1,"PU;"

1700 XSCL=XCORD*XRATIO+XKNST

1710 YSCL=YCORD*YRATIO+YKNST

1720 IF ABS(XSCL>32767) THEN PRINT "X TOD LARGE":RETURN
1730 IF ABS(YSCL>32747) THEN PRINT "Y TOO LARGE":RETURN
1740 IXSCL=FIX(XSCL):IYSCL=FIX(YSCL)

1750 A$="PA"+STR$ (IXSCL)+","+STR$(IYSCL)

1760 PRINT #1,A%

1770 IF(11>0) THEN RETURN

1780 IF(II=1E) THEN PRINT #1,"PD;"

1790 IF(II<YIE) THEN PRINT #1,"PU;"

1800 RETURN

1810 'SUBROUTINE INCREMENTAL PLOT

1820 IE=INT(11/2)%2

1830 IF(II>0 AND IE=II) THEN PRINT #i,"PD;"

1840 IFCII>0 AND IEC>II) THEN PRINT #1,"PU;"

1850 XSCL=XINC*XRATIO

1860 YSCL=YINC *YRATIO

1870 IF ABS(XSCL>32767) THEN PRINT "X TOO LARGE":RETURN
1880 IF ABS{YSCLY>32767) THEN PRINT "Y TOD LARGE”:RETURN
1890 I4SCL=FIX(XSCL):IYSCL=FIX(YSCL)

1900 A$="PR"+STR$(IXSCL}+","+STR$(IYSCL)
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PRINT #1,A$

IF{11>0) THEN RETURN

IF(I1=1E) THEN PRINT #1,"PD;"
IFCITCYIE) THEN PRINT #1,"PU;"
RETURN

‘SUBROUTINE CHARCATER MOVE
A$="CP"+STRE(CH) 47, "+STRS (CHI +";
PRINT #1,A$

RETURN

'SET CHARACTER SIZES’

RRAD=57,29578

ADRR=ADR/RRAD

SLR=5L/RRAD

PR=XNUM/YNUMN

W=INT (10001 % (H/AR) /PR} /10001

IF (H>127.999) THEN W=127.999

IF (H>127.999) THEN H=127.999
A$="SRU+5TRS (W) +","+STRE (H) 4" "
PRINT #1,A$
RISE=INT(1000!%100!#5SIN(ADRR))/1000!
RUNN =INT{1000!%100!%C0S(ADRR))/1000!
A$="DI1%+5TR$ (RUNN) +","+8TR$ (RIGE) + ;"
PRINT #1,A$

SLR=INT (1000%5IN(SLR) /COS (5LRY) /1000
A$="SL"+5TR$ (SLRI+" 3"

PRINT #1,A%

‘END OF CHAR SIZE

RETURN

"SET SCALE WITH ARGUMENTS X1,X2,Y1,Y2
NLOC=0: A$=""

PRINT #1,°C0P;"

IF LOC{1) =0 THEN 2220

ACHR$=INPUTS (1,41)

A$=45+ACHRS: NLOC=NLOC+1

IF ASC{ACHR$)=13 THEN GOTD 2260 ELSE 2220
‘CONTINUE

60SUB 1550

P1X= P(1):P1Y=P(2);P2X=P(3):P2Y=P (4)
ANUM=P2X~P1X

YNUM=P2Y-P1Y

XP1=X11XP2=X2: YP1=Y11YP22Y2
XRATIO=XNUM/ (XP2-XP1)
YRATID=YNUM/{YP2-YP1)
XKNST=P1X-XP1#XRATID
YKNST=P1Y-YP1%YRATIO

PRINT #1,"IW;"

RETURN

'END SCALE
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‘ROUTINE LABEL PLOT WITH ARGUMENTS LBL$
PRINT "ENTER LABEL (LESS THAN BO CHARCATERS) *
PRINT "PRINT 2ZI IF DONE®

INPUT L$

ILEN=LEN(L$)

IF L$="771" THEN B0T0 2520

PRINT "MOVE PEN TD DESIRED POSITION AND "3
INPUT "HIT RETURN WHEN SATISFIED ",Y$
PRINT

H=1.5:AR=1.5:A0R=0:5L=0:50SUB 2000
LBL$=L$:B0SUB 2540

CH = -1%ILEN:CH=-1.2: BOSUB 1960

GOTO 2400

*‘CONTINUE

RETURN

‘RCUTINE TO LABEL PLOTS WITH ARGUMENT LBL$
E$=CHR$ (3)

AF="LB"+LBL+E$+"; "

PRINT &1,A$

RETURN
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C.2.10 LISTING OF INTVAL.FOR
ccccccececccCecoocococcoocooccccoccoccoccecocecocococcccocecccecoercoee

c c
c c
c PROGRAM TO TD COLLECT INTENSITY VALUES AT c
C " A SPECIFIED FRERUENCY FROM THE INTENSITY c
c DATA FILES £
C c
C C
fccccCcccCoccoioecooccoecococcoccCcooccceoccooocooccoctocceccooccrrcee

C

L
ChsssHd PROGRAMMER : R.NAVANEETHAN
Chasainss VERSION @ 2
CHsasihes DATE r 1-MAR-B84
c
€
wEEEEE L INPUT DATA FILE: A CATALOG FILE WHICH CONTAINS
Casisnes NAMES OF ALL INTENSITY DATA
Casnd#aas FILES
c
DIMENSION AINT(402)
CHARACTER#12 NAME,NAHE!
CHARACTER#1 CHRA,CHRB
WRITE(L, 100}
2 CONTINUE

100  FORMAT(® ENTER FREQUENCY VALUE OF INTEREST')
READ(1,101) FREQ
101 FORMAT(FOQ.0)
! CONTINLUE
ICOUNT = FRED/1.25+41
IF {FRER.BT.500.00) ICOUNT =FREQ/12,5+!
IF{FRES.LE.500.) CHRB = "L"
IF{FREQ.GT.500.03} CHRE = "H"
WRITE{1,103)
103  FORMAT(' ENTER CATALOG FILE NAME CONTAINING INTENSITY
&DATA FILE NAMES")
READ(1,104) NAME
104 FORMAT(AQ)
WRITE{1,105)
{105  FORMAT(" INSERT FIRST DATA DISK IN DRIVE B:')
PAUSE
3 CONTINUE
JC=0
IF (IOREAD(&,2,0,NAME}} STOP
4 CONTINUE
READ(6,106,ENDFILE=T) NAHE!
106  FORMAT (RO}
WRITE(1,130} NAMES
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130  FORMAT(' ',A12)
" CALL PUTCHR{(CHRA,1,KHAR(NAME!,8))
JC=dC+t
IF(CHRA. NE.CHRB) GO TD 999
10 CONTINGE
IF{IOREAD(7,2,0,NAMEL)) GO TO B
B0 TO 9
8  CONTINUE
WRITE(1,107)
107  FORMAT(' INSERT 2ND DATA DISK DRIVE IN DRIVE B:'$)
PAUSE
60 TO 10
9 CONTINUE
READ(7) B1,B2,B3,84
L
CA#H## READ FROM FILE CONTAINING UNFORMATTED DATA
£
£120  FORMAT(4E15.5)
c
DO 11 I=i,ICOUNT
READ(7) BINT
C108  FORMAT(E15.5)
11 CONTINUE
IF (BINT.LE.0.) BINT=1.E-12
AINT{JC) =10, ${ALOBLO{BINT/1,E~12)}
IF (I0CLDS{7)) STOP
GO TO 4
5 CONTINUE
IF (10CLOS(6)) STOP
JK=3C
WRITE(1,109)
109  FORMAT(' ENTER NAME FOR OUTPUT FILE")
READ{1,110) NAME
110 FORMAT(RO)
IF (IOWRIT(10,2,0,NAME)) STOP
D0 12 I=1,3K
WRITE(10,111) AINT(D)
111 FORMAT(® ',F15.5)
{2 CONTINUE
IF (10CLOS(10)) STOP
60 TO 1000
999  WRITE(1,200)
200 FORMAT(‘ SOMETHING IS WRONG IN FILE NAMES!!!’)
1000 CONTINUE
STOP
END
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C.2.11 LISTING OF INTMAP.FOR
cCcocoetocooeqecccoooocccococcococcoccoceococecccocoococcoccccoeccrer

c
C .
L INTENSITY MAP INTERPOLATION FROGRAH
£
c
CCCCCCcCCORCCocccCcCoocoeCcoococoococcococcoccooccocceeccccecoococeccicocet
C
K
Cifdaadng VERSION & 2
Chipsaans PRDGRAMMER : R. NAVANEETHAN
Caasasdn DATE : 22-FEB-84
c
¢
C##4#8848#4% THIS PROGRAM GIVEN 81 POINTS OF INTENSITY VALUES AT
C#ssuéss 01 LOCATIONS INTERPOLATES DATA AND GUPUTS DATA FILE
C###44485% WHICH CAN DIRECTLY PLOT INTENSITY MAP. PLOT PROGRAM
Ca#mssaasd 15 CALLED P7475IN. IT WILL PLOT INTENSITY MAP ON
CHHAHARI#E HP 7475 DIGITAL PLOTTER
£
¢
C
ChiGaasaE  INPUT DATA : DATA FILE CONTAINING 81 INTENSITY DATA
C
C
Chasisnssse DIMENSION STATEMENTS
£
DIMENSION A(7,9),AX(9),AY(9)
DIMENSION BL1{(B810},B2(810},IB3(B10),IC(BL0)
CHARACTER#135 INAME,DNAME
DATA INAME/""/
DATA ONAME/""/
WRITE(1,700)
700  FORMAT(' ENTER INPUT FILE NAME = '$)
READ(1,122) INAME
122 FORMAT{AQ)
WRITE(1,701)
701 FORMAT (' ENTER CGUTPUT FILE NAME = '$)
READ(1,122) ONAME
123  CONTINUE
WRITE(1,702)
702  FORMAT(® ENTER CONTOUR INTERVAL IN dB (10. OR 5. OR 2.
&0R 1. = '$)
READ(1,703) CONINT
703 FORMAT(FO0.0}

IF{,NOT, ((CONINT.ER.10.).0R, (CONINT.ER.5.).0R.

IF(CONINT.ER.10.) ICON={
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IF{CCNINT.EB.5.) ICCN
IF(CONINT.EB. 2.} ICON
IF{CCNINT.EG.1) ICON=4

T n
o]

c .
CH#55#%  THE FOLLOWING LDOPS ASSIBGN THE INTENSITY VALUES
Cy#b4#4 TO AN ARRAY WHICH REPRESENTS THE TEST GRID.
c

IF(1OREAD(B,2,0,INANE}) STOP

00 10 J=1,9

DD 10 I=1,9

READ {B,300) A{(I,d)

300 FORMAT (F0.0)
10 CONTINUE

£
Ci#4#4% THE FOLLOWING LOOPS TRANSLATE GRID LOCATIONS INTO
C4#44#¥% LOCATIONS DEFINED BY THE DISTANCE FROM THE MPD EDGE.
C

no ty 1=4,9
AX(I) = | + 2,%FLOAT{I-1)
AY{I) = 1 + Z.%FLOAT(I-1)

11 CONTINUE

IF(IDCLOS(B)) STOP
C
C###8%4 FOLLOWING LOOPS DO THE INTERPOLATION BETWEEN POINTS IN
Ci##84% A HORIZONTAL DIRECTION, THE LOCATION OF EACH DIVISION
C##8#4#8 OF CONINT DECIBELS BETWEEN THE POINTS WILL BE FOUND
C#is#4# FOR MAPPING PURPOSES,
C

IF(IOWRIT(10,2,0,"INTL, THP")) STOP
c OPEN(UNIT=10,NAME=‘INTL,THP ", TYPE='NEW')

00 20 J=1,9

DO 20 1=1,8

¥2 = AL{I+1),0)

Y1 = A{I,d)

X2 = AX{I+1)

X1 = AX(I)

IF(Y2.EQ.Y1) GO TG 20

i

u o

c
CH4###4 ENSURE THAT Y2 IS ALWAYS GREATER THAN Y1.
c
IF {Y2.BE.Yll GO 70 23
XITENP = X1
YATEMP = Y1
¥i=Y2
Y2=YITEMP
X1=X2
XZ2=X1TEMWP
23 CONTINUE
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SLOPE = (X2 - X1)/(¥2 = Y1)
CALL INVAL{Y1,Y2,ICAL,ICON)
21 CONTINUE .
If (ICAL.BT.Y2) GO TO 22
¥LOC = (SLOPE*(ZCAL - Y1)) + Xi
WRITE (10,100) XLOC,AY(Jd),INT(ZCAL)
ICAL = ZCAL + CONINT
GO TO 21
22 CONTINUE
20 CONTINUE
C
_ CHH4#%3 THE FOLLOWING LODPS DO THE INTERPOLATION BETWEEN POINTS
C###ssd IN VERTICAL DIRECTION, THE LOCATION OF EACH DIVISION
Ca##448 OF CONINT DECIBELS BETWEEN POINTS WILL BE FOUND FOR
CH###3% MAPPING PURPDSES.

t : \
DO 30 I=1,9
DG 30 J=1,8
Y2 = A(L, (J+1))
Yi = A(L,d)
X2 = AY(3+1)
X1 = AY{d)

IF(Y2.EQ.Y1) GO TO 30
c
CH###as# ENSURE THAT Y2 IE ALWAYS GREATER THAN YI.
c

IF (Y2.BE.Y!1) 60O 70 33

X1TEMP = X!
YITEHP = YI
¥l = Y2
Y2 = YLTEMP
Xt = X2
X2 = XITEMP

33 CONTINUE
SLOPE = (X2 - X1)/{Y¥Y2 - Y1)
CALL INVAL{Y1,Y2,ZICAL,ICON)
31 CONTINUE
IF (ICAL.GT.Y2) 60 TO 32
YLOC = (SLOPE#(ICAL - Y1}) + XI
WRITE (10,100) AX{I),YLOC,INT{(ZICAL)
ICAL = ZICAL + CONINT
60 70 34
32 CONTINUE
30 CONTINUE
IF(I0CLOS(10)) STOP
100 FORMAT (1X,F&.2,1X,F6.2,1X,13)
c
CH###4#8 SORTING DATA INTOD SEQUENTIAL DIVISIONS OF CONINT DBS
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IF (IOREAD(9,2,0,"INT1.THP")) STOP
C OPEN{UNIT=9 ,NAME='INT!,THP',TYPE='0LD")
1 =1
40 CONTINUE
READ(9,200,ENDFILE=45) B1(I1},B2(1),IB3(I)
200 FORMAT (F6.2,1X,F6.2,1%,13)
=141
GO TO 40
41 CONTINUE
45 NS = I =
IF(I0CLOS(9}) STOP
CALL SORT (NS,IB3,IC)
IF(IOWRIT(11,2,0,0NAME)) STOP
C OPEN(UNIT=11,NAME=ONAME , TYPE="NEH ")
00 42 J=1,N§
32 = 10¢D)
WRITE{11,100) B1(J2),B2(J2),IB3(J2)
42 CONTINUE
IF(10CLOS(11)) STOP
STOP
END
C
CHsB##d A MODIFIED BUBBLE SORT WRITTEN BY R.NAVANEETHAN
£
SUBROUTINE SORT(NS,IA,IG)
DIMENSION IA4810) ,KSORT(810),IC(B10)
DO 1 18=1,N§
IC(I8) = IS
KSORT(IS) = IA(IS)
1 CONTINUE
D0 3 I18=1,N5-1
D0 2 JS=1,N5-18
IF (KSORT {JS).LE.KSORT{JS+1)) 6O TO 2
IT = KSORT(JIS)
I1TC = 1C(J5)
KSORT(JS) = KSORT{JG+1)
I0(38) = IC(IS+1)
KSORT(JS+1) = IT
I0(I5+1) = ITC
CONTINUE
CONTINUE
RETURN
END

A B

c
CHasiasd FIND INTITIAL VALUE TGO START MAPPING
C

SUBROUTINE INVAL{Y1,Y2,ZCAL,ICONT)
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IFCICONT.NE. 1) GO T0O !
ICAL=FLDAT(INT({Y1/10.)%10)+10.

GO TG 4 .

CONTINUE -

IF(JCONT.NE.2) GO 7O 2
DEC=(Y1~-FLOAT{INT(YLI/10.0)%10}} /10,

IF (DEC.LT,0.5) ICAL= FLOAT(INT(Y1/10.))%10.+3.
IF (DEC.GE.0.5) ZCAL = FLOATCINT((Y! + 10.1/10,)%10,)
B0 TG 4 .

CONTINUE

IFCICONT.NE.3) BD TO 5

IREC=MOD{INT(Y1),2)

IF(IDEC.EG.1) ZCAL=FLOAT(INT(Y{))+1.
IF{IDEC.ER. 0} ZCAL=FLOAT(INT(Y1))+2,

60 7O 4

CONTINUE

ICAL=INT{Y1)+1,

CONTINUE

RETURN

END
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C.2.12 LISTING OF PIN7475.BAS
CREAHERNAHEHUHIRSGU RS RN SR AR ES BN B ERIRANR AR HRENY

1

2 % #
3 '# INTENSITY MAP PLOTTING &
4 ‘% ] #
5 CHARHRBHEBRHUSRAHRNNEHHBRENUE B MREHHR RN RRNNHENRS
& '#

7 '# PROGRAMMER @ R.NAVANEETHAN

8 % VERSION : 1|

g ‘% DATE ¢ 3-1-B4

10 '#

IR

100 DEFINT 1

110  RAD=57.29578

120 E$=CHR$(3)

130 REM PROGRAM INTENSITY MAP PLDT

140 XLBL$="MICROPHONE HORIZONTAL LOCATION (INCHES)"
150 VLBL$="MICROPHONE VERTIGAL LOCATION (INCHES)"
160 INPUT"TURN ON PLOTTER, AND HIT RETURN WHEN READY", A$
170 OPEN "COM1:9600,E,7,1" AS #1

180 'CLEAR PLOTTER

190 PRINT #1,"DF30Es"

200 FOR IK=! TO 100:NEXT IK

210 IF LOC(1)=0 THEN 210

220 FOR IK=1 TO 100:NEXT IK

230 A$= INPUT$(LOC(1) 81D

240 IF VAL{A$)=0 THEN GOTO 270

250 PRINT ; "PRINTER ERROR ";VAL(A%$);" DCCURED!"
260 §T0P

270 'CONTINUE

280 PRINT #1,"IP 2000,2000,7000,7000;"

290 X1=01:Y1=0':%2=18':Y2=18!:60SUB 1640

300 'SET CHARACTER SIZES"

310 H=2!:AR=1.5:ADR=0':5L=0":G0SUB 1460

320 'SET PEN VELOCITY AND PEN #1

330 PRINT "ENTER PEN VELOCITY *;

335 INPUT "0=NORMAL OTHERWISE BETWEEN 0-38 = *,I
340 IF 11=0 THEN PRINT #1,"VS;":G0TO 340

350 PRINT #1, ("VS"+RIGHT$ (STR$(I1),1)+"s")

350 ‘CONTINUE

370 INPUT "ENTER PEN NUMBER (1 THRU 8) = »,It

380 PRINT #1,("SPY+STRE(I1)+";")

390 ‘END OF PEN SELECTION

400 INPUT *DO YOU WANT TO DRAW AXIS <Y/N> = " ,V$
410 IF (Y$<O"Y" AND Y$<O"N") THEN GOTD 400

820 IF Y$="N" THEN GOTO 810

430 'DRAW AXIS’

440 YCORD=0:YCORD=0!:1=~21:G05UB 1120

450 XCORD=18:YCORD=0!:1=21:G0SUB 1120

420
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4460 XCORD=18:YCORD=18!:1=2!:608UR 1120
470 XCORND=0:YCORD=18':1=2!:608UB 1120
480 XGORD=0:YCORD=0!31=-1!:BOSUB 1120
490- © X-A¥185 ;

500 FOR IJ=0 TO 18 STEP 2

510 XCORD=1J:YCORD=01!;I=0!:G0SUB 1120
520 XINC=Q!:YINC=0:1=~2:808UB 1270

530 XINC=0!:YINC=.3:1=~1:G0OSUB 1270

540 CW=-,9:CH=-1.3:G08UR 1420

550 AS="LB"+RIGHTS(S8TR$(13),2)+EF

550 PRINT #1,A$

570 NEXT IJ .

580 XCORD=%!':YCORD=0':1=1:60SUB 1120
590 XINC=0!:YINC=-1,2:1=1:G0SUB 1270
600 CW=~181:CH=~1!:608UR 1420

510 A$="LB"+XLBL$+E$

620 PRINT #1,A$

£30 ' START Y AXIS

640 XCORD=0!:YCORD=0':I=1;30SUB 1120
£50 FOR 1J=2 TO 18 STEP 2

860 XCORD=0:YCORD=1J:1I=0':605UB 1120
470 XINC=0!:YINC=0:1=~2:G608UB 1270

5B0 XINC=.3:YINC=0:1=-1:608UB 1270

690 CW=-3.3:CH=-.3:G05UB 1420

700 A$="LB"+RIBHT$(STR$(1J),2)+E$

710 PRINT #1,A$

720 NEXT IJ

730 XCORD=0!:YCORD=9t:1=1:608U8 1120
740 XINC=-1.2:YINC=0:1=1:B60SUB 1270

750 H=2':AR=1.5:A0R=90!:5L=01;G0SUB 1440
760 CW=-1B1:CH=0!:1G0SUB 1420

770 A$="LB"+YLBL$+ES

780 PRINT #1,A$

790 H=2!':8R=1.5:A0R=0!:5L=0"':G0OSUB 14540
800 'END OF YAXIS

10 'PLCOT DATA

820 INPUT “ENTER NAME OF DATA FILE = ¥, NFILES$
B30 DPEN “I“, #2,NFILE$

840 1SYM=0:IINT=~999

B50 X1=01:Y1=1B;X2=1B':Y2=0':G0SUB 1640
B0 IF EOF(2) BOTO 940

870 INPUT #2, XPQS,YPOS,INTSTY

B80 IF IINT=-999 THEN IVFRST=INTSTY

B90 IF ITINT<>INTSTY THEN ISYM=I1SYM+1i:INPUT"HIT RETURN",CR$
900 IINT=INTSTY

910 XCORD=XPOS:YCORD=YPDS:I1=1:60SUB 1120
920 PRINT #!,"PU;":B05UB 1810

330 GOTC 840
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940 IVLAST=INTSTY

950 CLOSE #2

940 INPUT "WANT TO LABEL <Y/N> = ",Y$

970 IF Y$="Y" THEN GOSUB 1950

980 INPUT "WANT TO PLOT ANDTHER NAP <Y/N> = ",Y$

990 IF Y$="Y" THEN G0TO 280

1000 END

1010 ' SUBRDUTINE FIND INTEGER FROM OUTPUT STRING

1020 B$=""1 =1

1030 FOR I=1 TO NLOC-!

1040 C$=MID$(A$,I,1)

1050 IF C$="," THEN 80TD 1080

1060 BS=BE+CH

1070 GOTO 1090

{080 P{J)=VAL{B$):J=J+1:B§=""

1090 NEXT I

1100 P{J)=VAL(B$)

1110 RETURN

1120 "SUBROUTINE PLOT

1130 TE=INT{I/2)#2 :

1140 IF(I>0 AND IE=I) THEN PRINT #1,"PD;"

1150 IF(I>0 AND IEC>I) THEN PRINT #1,"PUj"

11560 XSCL=XCORD*XRATIC+XKNST

1170 YSCL=YCORD*YRATID+YKNST

1180 IF ABS(XSCL>327467) THEN PRINT "X TOD LARGE":RETURN

1190 IF ABS(YSCL>32767) THEN PRINT "Y TOO LARGE":RETURN

1200 IXSCL=FIX(XSCL)1IYSCL=FIX{Y5CL)

1210 A$="PA"+STR$ (IXSCL)+","+STR$ (1YSCL)

1220 PRINT #1,A%

1230 IF(I>0) THEN RETURN

1240 IF(I=IE)} THEN PRINT #1,%PD;"

1250 IF{I<>IE) THEN PRINT #f,"PU;"

1260 RETURN

£270 'SUBROUTINE INCREMENTAL PLOT

1280 IE=INT(1/21%2

1290 IF(I>0 AND IE=I) THEN PRINT #1,"PD;"

1300 IF(1>0 AND IEC>I) THEN PRINT #1,"PU;”

1310 ¥SCL=XINCXXRATIO

1320 YSCL=YINC *YRATIO

1330 IF ABS(XSCL>32767) THEN PRINT "X TOO LARGE":RETURN

1340 IF ABS(YSCL>32747) THEN PRINT "Y TOD LARGE":RETURN

1350 IXSCL=FIX(XSCL):IYSCL=FIX(YSCL)

1350 A$="PR"+STRS(IX5CL}+","+5TRE(IYSCL)

1370 PRINT #1,A$

1380 IF(I1>0) THEN RETURN

1390 IF(I1=IE) THEN PRINT #1,"PD;"

1400 IF{I<>IE) THEN PRINT #1,"PUj*

1410 RETURN
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1420 'SUBROUTINE CHARCATER MOVE

1430 A$="CP"+STRE(CH)+" " +STR(CH) +"; "
1440 PRINT #1,A$.

1450 RETURN

1460 ‘SET CHARACTER SIZES’

1470 AORR=AGR/RAD

1480 SLR=5L/RAD

1490 PR=XNUM/YNUM

1500 W=INT(1000% (H/AR)/PR) /1000

1510 IF (4>127.999) THEN W=127.999

1520 IF (H>127.999) THEN H=127.999

1530 A$="SR"+STRE (W) +","+ETRS(H) +"3"

1540 PRINT 41,A$

1550 RISE=INT(1000%¥100%5IN(ADRR)) /1000
1560 RUNN =INT(1000%100%C0S (AORR)) /1000
1570 A$="DI"+STR$ (RUNN)+","+5TR$(RISE) +";"
1580 PRINT #1,A$

1590 SLR=INT{1000%#SIN(SLR)/COS(SLR)}/1000
1600 A$="SL"+BTR$(SLR) +" ;"

1610 PRINT #1,A%

1620 'END OF CHAR BIZE

1630 RETURN

1640 ‘SET SCALE WITH ARBUMENTS X1,X2,Y1,Y2
1650 PRINT #1,"0P;"

1660 IF LOC(1) =0 THEN 1460

1670 FOR IK=1 TO 200:NEXT IK

1680 NLGC=LOC{1)

1690 A$=INPUT$(LOC(1),31)

1700 GOSUB 1010

1710 PiX= P(1)1P1Y=P{2)1P2X=P({3):P2Y=P(4)
1720 XNUM=P2X-P1X

1730 YNUM=P2Y-P1Y

1740- ¥P1=X1: XP2=X2: YP1=Y1; YP2=Y2

1750 XRATIO=XNUM/(XP2-XP1)

1760 YRATID=YNUM/ (YP2-YP1)

1770 XKNST=P1X-XP1*XRATIO

1780 YKNST=P1Y-YP1*YRATIOD

1790 PRINT #1,"IW;"

1800 ‘END SCALE

1810 ' ROUTINE SYMBOL WITH ARGUMENT ISYM
1820 H=2,5:AR=1.5:A0R=0'3;5L=01:50SUB 1440
1830 PRINT #1,"51.175,.35;"

1840 IF ISYM=1 THEN A$="UC-99,~3,-3,99,6,0,0,6,
-6,0,0,~6,-99,3,3;"

1B50 IF ISYM=2 THEN A$="UC-99,0,4,99,-3,-6,4,0,
=3,6,-99,0,~4;"

1840 IF ISYM=3 THEN A$="UC-99,~3,2,99,6,0,-3,
~6,-3,6,-99,3,-2;"
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1870 IF ISYM=4 THEN A$="UC-99,-1,3,99,-2,-2,0,
~2,2,-2,2,0,2,2,0,2,2,2,-2,0,~99,1,-3;"

1880 IF 18YM=5 THEN A$="UC-99,3,0,99,-3,4,-3,
-4,3,-4,3,4,-99,-3,0;"

1890 IF 18YM=4 THEN A$="UC-99,2,2,99,-4,0,6,
~6,0,6,-99,-2,-2;"

1900 1F (ISYM <1 AND ISYH > &) THEN GOTO 1920
1910 PRINT #1,A$

1920 ‘CONTINUE

1930 H=1.5:AR=1.5:A0R=0!:5L=0!:GOSUB 1440

1940 RETURN

1950 ‘ROUTINE LABEL PLDT WITH IVFRST,IVLAST,ISYM
1960 ISYMM =ISYM

1970 PRINT "ENTER LABEL (LESS THAN 80 CHARCATERS) *
1980 PRINT "PRINT ZIZ IF DONE"

1990 INPUT L$

2000 ILEN=LEN(LS$)

2010 1F L$="ZZZ" THEN BDTO 2090

2020 PRINT "MOVE PEN TO DESIRED POSITION AND";
2030 INPUT "HIT RETURN WHEN SATISFIED ",Y$
2040 PRINT

2050 H=1.5:AR=1,5:A0R=0:5L=0:G0SUB 1440

2060 LBL$=L$:GOSUB 2240

2070 CH = -1#ILEN:CH=~1,2: GOSUB 1420

2080 GOTD 1970

2090 INGRMT=(IYLAST-IVFRST)/(ISYMM-1)

2100 INUM=IVFRST-INCRMT

2110 CH=3':CH=-2,2:605UB 1420

2120 FOR IK=1 TO ISYMM

2130 IV=IK

2140 INUM=INUM+INCRNT

2150 IVAR=INUM

2160 L$=RIGHTS(STRS({INUM) ,3)

2170 ISYM=1V:GOSUB 1810

2180 CW=1!:CH=-.416050UB 1420

2190 LBL$= "= “+L$+" BB": GOSUB 2240

2200 CW=-10.4:CH=-1.2:B0SUB 1420

2210 NEXT IK

2220 H=2':AR=1,5:;A0R=0:5L=0:GOSUE 1440

2230 RETURN

2240 'ROUTINE TO LABEL PLOTS WITH ARGUMENT LBLS$
2250 E$=CHR$(3)

2260 A$="LB"+_ BL$+ES+"y"

2270 PRINT #1,A$

2280 RETURN
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APPENDIX D

ABSORPTION COEFFICTENT MEASUREMENT ROUTINES
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D.1 FLOW CHART QF TEST ROUTINES

ACQUIRE COMRPQOSITE

SIGNAL
PROG: AVT2.BAS

CALCULATE POWER
SPECTRUM
PROG: DRIVAVTZ.FOR

ENSEMBLE AVERAGE
PROG: ADDPSPZ2.FOR

L

ACQUIRE DIRECT
SIGNAL
PROG: AVT2.BAS

—

CALCULATE BOWER
SPECTRUM
PROG: DRIVAVTZ2.FOR

ENSEMBLE AVERAGE
PHOG: ADDPSP2.FOR

l

BACKGROUND
SUBTRACT
PAQG: PSPDIFF.FOR

SMOQTH POWER
SPECTHUM
PROG: PSPCOR.FOR

CALCULATE POWER
CEPSTRUM
PROG: CPSTRMZ2.FOR

l

CALCULATE ABSORPTION
COEFFICIENT
PROG: ABS.FOR
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D.2 LISTING OF COMPUTER ROUTINES

D.2.1 LISTING OF AVTI2.BAS

I 'PROGRAM AVTZ
2 'THIS PROGRAM TRANSFERS AVERAGE TIME SIGNAL OF CHANNEL B
3 ‘THIS PROBRAM IS5 USED IN ABSORPTION COEEFICIENT PROGRAM
10. SCREEN 040

20 DEFINT I-N

30 DIN V(1030)

40 CLS:CLOSE

50 LDCATE 25,1

60 C$="71IDA318Y2505Y2615Y2945HAJIF2E0Z=8"

70 PRINT STRING$(40," ")

80 SYN$=CHR$(22)

90 LOCATE !,1

100 SPEED$="9400"

110 COMFIL$="CON1:"+SPEED$+",N,8,2"

120 OPEN "SCRN:" FOR DUTPUT AS 42

130 LOCATE 25,1:PRINT "AVG TINE TRANSFER PROGRAM';

140 LOCATE 1,1:PRINT STRING$(40," "):;LOCATE 1,1

150 LINE INPUT "INPUT FILE? <TYPE E TO EXIT > s";DSKFILS
160 IF DSKFIL$="E" THEN 450

170 ODPEN COMFIL$ AS #1

180 LOCATE {,1:PRINT STRINB$(40," "):LOCATE §,1

190 OPEN "0",#3,DSKFIL$

200 J=0

210 FOR IC%=1 TO 34

220 D$=MID$(C$,IC%, 1)

230 BOSUB 390

240 NEXT 1%

250 REM CONTINUE

260 LDCATE 1,1

270 GOSUB 440

280 D$="7":GOSUB 390

290 D§="2":608UB 390

300 D#="=":605UB 390

310 D$="9";B05UB 390

320 GOSUB 440

330 GLOSE #1

340 FOR 1= 1 TO 1024 STEP 4

350 PRINT 83,USING"#8#, 85474~ "y U(T) V(I41)jVLI+2} 3V (1+3)
360 NEXT I

370 CLOSE #3:0LS

380 G0TD 139

390 PRINT #1,D%;

400 FOR IK%=t T0-.200:NEXT IK%

310 IF LOC(1)<>1 THEN 4!0

420 A$=INPUTS(1,41)

430 1F ABC(A$)=4 THEN RETURN ELSE PRINT #2,"ERROR SENDING DATA":5TOP
440 REM CONTINUE

450 FOR IC%=1 TO &5
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PRINT #1,8YN#;

IF LOC(L){96 THEN 470
Hi$ = INPUT$(96,41)
R$=H1$

G0sUB 530

NEXT ICY%

IF LOC{1)<>1 THEN PRINT LOC(1):B0TD 520
AS=INPUTS(1,41)
RETURN

Ki=1:K2=8

IF IC4=65 THEN K2=!
FOR IM=K1 TO K2

Jd=J+i

IM2=12%{IN-1)
F$=HID$(R%,INM2+4,6)
E$=MNID¥(R%,IM2+10,4)
V(JI=VAL(F$+"E"+E$)
NEXT IM

RETURN

CLOSE: END
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D.2.2 LISTING OF DRIVAVT2.FOR OF POOR QUALITY
CCCCCCoCECCoooCCcoEccCcCoooEpooccocccceCccocCcocCCccooooeELCcocecococcoceeoeece
C g
c y C
G DRIVER ROUTINE FOR CEPSTRUM C
C c
c C
CCCCCCCCCCOCCEoCDpCCECCCoEnCcLCCCECCOCCOCCCCooLecLeocccceccecocroecoceceece
C

C

C

CHABHUHE4HHE PROGRAMMER : R. NAVANEETHAN HEHABALEREABELREERY
CHERBHEARUE VERSION ¢+ 3 tEEEEEEIT T 1T 101
CEE8ERF244E DATE : 29-MAR-B4 HESBUGENARALAHHHES
c

C

C

PROGRAM DRIV3

DIMENSION XR({1024),X1(1024),TR(1025)
CHARACTER*15 ANAME,BNAME

DATA PI/3.14154924/

DATA TR/1025%0./

C##H8#4 SET PROGRAM PARAMETERS AND READ CATALOG FILE NAME

c

300

301

302

t

100

303
c

N=1024

N3=N/2+1

N2=2%1024

WRITE (%,300)

FORMAT(‘ ENTER SCALE YALUE = '$)
READ (%, %) SCL

WRITE (%,301)

FORMAT (' ENTER # OF POINTS IN TIME HISTORY TO BE USED '$)
READ (%,%) NN

F=5.*P1/NN

K2=NN+1

IK=B*NN/10

JX2=9*NN/10

JK1=NN/10

WRITE (%,302)

FORMAT (' ENTER CAT FILE NAME = ‘%)
READ {*,%) BNAME

OPEN (4,FILE=BNAME,STATUS='0LD")
CONTINUE

READ{4,100,END=51} ANAME
FORMAT(ALS)

WRITE (%¥,303) ANAME

FORMAT (" *,AlS)

Ch###4% READ DATA FROM DATA FILES

429



ORIGINAL PAGE ig
OF POOR QUALITY

OPEN (9,FILE=ANAME,STATUS='0LD")
DO 2 J=1,N,4
READ(9,102) XI{3),XI1(J+1),XI(J+2),X1(J+3)
102 FORMATI{EL0.2,3({X,E10,2))
2 CONTINUE
CLOSE(9)
C
CHENE4S APPLY SIN 2 WINDOW TO THE DATA SEQUENCE OF NN POINTS
C
D0 3 I=1,NN
XR{I)=XI{1)#%SCL
IF((I-1)  LE.JK1) XRUI)=XRUI)%(SIN(F#(I-1)))%#2
IF({I~1) . BE.JK2) XR{I)=XR(I)*(SIN{F#(I~1~1K)))#%2
3 CONTINUE

DO 5 I=K2,N
5 XR{1)=0,
DO 7 I=1,N
7 X1(1)=0,
C
CH###84 CALCULATE FFT
c
INY=0
CALL FTO1A(XR,XI,N,INV)
IF{INV.E@,-1) GOTO 1000
0

CH#NEHE FIND POWER SPECTRUM. SPEC YET 70 CORRECTED FOR ANALYSIS HIDTH
c

P08 I=1,N3
B8 TR{IY= TROIM+H(XR(T) ##2+01(1)%%2)
GO0 TO !
51 CONTINUE
C
Ch#s88# WRITE AVERAGED POWER-SPECTRUM TDO DISK
C
OPEN (10,FILE="A:PAOWLSP.DAT ' ,BTATUS="NEW")
BD 9 I=1,N3
9 WRITE(10,304) TR(I)
304  FORMAT(1X,E!1.8)
ELOSE(LO)
G0 TO 1010

1000 WRITE(*,501)
501  FORMAT(' ERROR IN FFT ROUTINE')
1010 CONTINUE

S70P

END
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D.2.3 LISTING OF ADDPSP2.FOR
CCCCCCcCCCCoCCoococococoococoCcoococCoCcecoococoencococcececceccceccocooocececcoceecececee

C X
C ADD POWER SPECTRUM FROM FILES €
C T c

CCCCCCCCCCCCCCCCCECCCCéCCCCCDCCCDCCCCCCCCCCCCCCCECCCCCCCCCCCCCCCCBCCCEC
c

C
Chapsganntsang PROGRAMMER : R.NAVANEETHAN FHBHBERBEBNRHARUERIRES
CHENBHARBRIHEE DATE : 24-APR-84 HRESRBAHBHIRRBEREBNS
Chudasnuaanaas VERSION : 2 BRHAHAHRERERREARANRUE
C
c

PROGRAM ADDPSP
REAL X{513)
CHARACTER #15 CATFIL,FILNAM
WRITE (%,200)
200  FORMAT('ENTER CATALOG FILENAME FOR ENERGY SUM OF PSP = '$)
READ (%,%) CATFIL
J=0
OPEN (12,FILE=CATFIL,STATUS='0LD"}
23 READ(12,201,END=202) FILNAM
201  FDRMAT(A!S) )
J=l+1
K=J+1
OPEN {(K,FILE=FILNAM,STATUS='0LD")
BO TO 23
202  CONTINUE
DO 1 1=1,513
A5UM=0,
DO 3 d3=1,d
K=JJ+1
READ {K,101) XV
XSUM=XSUM+XY
3 CONTINUE
X (I)=XSUM/(25,%J)
1 CONTINUE
DD 4 JJ= 1,0
K=Jd+1
ELOSE (K)
4 CONTINUE
OPEN (15,FILE="'B:NNAVGEPSP,DAT',STATUS="NEK")
DD 2 I=1,543
2 WRITE(15,101) X(I)
101  FORMAT(1X,E11.5)
CLOSE(15)
STOP
END
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D.2.4 LISTING OF PSPDIFF.FOR
CCccCocooccoccoicerccoooocceccaencoCceocoCcocoocococeccoccococccooooococeecer

c C
c C
€ PSP DIFF CALCULATION c
C C
c C
e e e A e e e o e e e N e el e e e e e i e el e e i e
c

c

C -
Chifidss##444 PROGRAMMER : R. NAVANEETHAN BRfaanndiianinuage
Cadbianiaug VERSION 3 2 . ERBURRFSBGREHRERUS
CapHiasnaugd DATE : 2-MAY-84 CEREEELEEEEE B R L EE
c

c

C234547

C

PROGRAM PSPDIF

DIMENSION TR(S513)

DOUBLE PRECISION E1,E2
CHARACTER#15 ANAME,BNAME
DATA PI1/3.14154926/

C4#E444 READ INPUT AVERAGED POWER SPECTRUM FROM A FILE

C

100

501

101

201

HRITE (%,100)

FORMAT(* ENTER FILE NAME CONTAINING COMPOSITE SIGNAL = *$)
READ (%,%) ANAME _

WRITE (%,501)

FORMAT (‘' ENTER ENSEMBLE SUM = $)
READ (#,%) ES!

HRITE (*,101)

FORMAT(' ENTER FILE NAME CONTAINING DIRECT SIGNAL = *§)
READ (#,%} BNAME

WRITE (#,501)

READ (%,%) ES2

N=512

N2=2%N

NK=N+#1

OPEN (9,FILE=ANAME,STATUS='OLD")
OPEN (8,FILE=BNAME,STATUS="0LD")
DO 1 I=1,NK

READ{8,201) X

READ(9,201) Y

E1=X/E§2

E2=Y/ES1

TR{1)=DLDG(E2) ~DLOG(EL)

FORMAT (1%,E11.5)

CLOSE(9)
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CLOSE(8)

OPEN{10,FILE="B:PSPDIF.DAT' ,STATUS="NEW")
DO 5 I=1,NK

WRITE{L0, 208V TR(I)

CONTINUE

- CLOSE(10}

STOP
END
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D.2.5 LISTING OF PSPCOR.FOR .
CCcoccoceecceocoocococceccceooocccocccocceccocccccccococoececceoocccecceooocen

c t
c SMOOTH THE BACKGOROUND SUBTRACTED SPECTRUM g
c . C

CCCcccooCcoocoooccoccooeccoococcCocecoceccoencccooceccecccoocococecccceoroeenee
c .

C -

Caiianadatianny PROGRAMMER : R.NAVANEETHAN GRS EEE R RS B
CRepRIoREaNe DATE : 23-APR-B4 SEBBBRBHHBLBUBRRRERS
Casfaasianisisg VERSION : 2 cEEEEEEE R EEEEER L
c

c

PRDGRAM PSPCOR
DIMENSION X(513)
CHARACTER #15 ANAME,BNAME
N=512
NK=N+1
WRITE (*%,100)
100  FDRMAT (' ENTER INPUT DATA FILE = '$)
READ {(%,102) ANAME
102. FORMAT{ALS)
WRITE (%,101)
101  FORMAT {' ENTER OUTPUT DATA FILE = '$)
READ (*,102) BNAME
WRITE (%,103)
103  FORMAT(' CHANGE VALUES UPTD NUMBER = '$)
READ(%,%) Il
OPEN (9,FILE=ANAME,STATUS='0LE")
B0 1 I=t,NK :
READ(9,201) X(I)
201  FORMAT{iX,E11.9)
1 CONTINUE
Do 2 I= 4,14
WRITE(%,104)
104 FORMAT(' ENTER NEW VALUE = '$)
READ(%,%) AY
X{1)=aV
2 CONTINUE
CLOSE (9)
OPEN {8,FILE=BNAME,STATUS='NEW"')
D0 3 I=1,NK
WRITE{B,201) X{I)
3 CONTINUE
CLOSE (B)
570P
END
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D.2.6 LISTING OF CPSTRM2.FOR
CCCCCCoCocococociococcococcccoeCceeCCCConCCoCCoCCoCoooEceecoooeaoteoenee

c : C
c C
C. CEPSTRUM CALCULATION L
c c
H €
CCcoccCccccocecoooocecooCceCcCcoocecoeooccecceccocooccooocccooccccceccecococcoecee
C

c

c -
Chufa884444 PROGRAMMER : R. NAVANEETHAN BaddaBanaac R
Cassaniiags VERSION : & FEBRBEFFBRRABRRGED
ChéfapaNNED DATE @ 2-MAY-B4 fHERR0ARRGHERAERS
C -

C

£234567

C

PROGRAM CPSTRM

DIMENSION XR(1024),XI(1024),TR(513)
DOUBLE PRECISION Ef,E2
CHARACTER#13 ANAME,BNAME

DATA PI1/3.,141545924/

CHsa488 "READ INPUT AVERAGED POWER SPECTRUM FROM A FILE

c

100

501

201

HRITE (%,100}

FORMAT(' ENTER FILE NAME CONTAINING COMPOSITE SIGNAL = '$)

READ (#,%) ANAME
WRITE (#,501)
FORMAT {' ENTER ENGEMBLE SUM = '$}
READ (*,%) ESI
N=5t2

N2=1024

NK=N+1

OPEN (9,FILE=ANAME,STATUS='0LD")
DO {1 1=1,NK
READ{9,201) Y
TR(I)=Y
FORMAT(1X,E11.3?
CLOSE()
IR{1)=TR{1)
1{)r=0, .

D0 2 I=2,N
XR(I)=TR(D)
K=N2+2-1
{RIK)=TR(I)
11{1)=0.

11{K1=0.
YR{NKI=TR (NK)
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X1(NK)=0.
INV=1
CALL FTOL1A(XR,XI,N2,INV)
IF{INY.EQ,~1) BOTD 1000
OPEN{10,FILE="B:POWCFS.DAT ' ,BTATUS="NE}")
DO 5 I=1,NK
WRITE(10,201) XR{D)
5 CONT INUE
CLOSE(10)
GO TO 1010
1000 WRITE(%,104)
106 FORMAT(' ERROR IN FFT ROUTINE")
1010 CONTINUE
870P
END
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D.2.7 TILISTING OF ABSCOFF,FOR
gCccececeocoooootococecocCCCCCoCCaRCoCCecetooeccececoeocoococeceonoccooocee.

c C
C ) c
c ROUTINE FOR CALCULATION OF ABS COEFF FROM CEPSTRUM £
c e
T : c
A AN R R R ol H M T M T e e el
£

c .

c -
CHH4H444484 PROGRAMMER : R, NAVANEETHAN BRBAHASEBERBERSENY
CHuBsRREREH VERSION : 1 BERRHRABBURBESASSS
CHaBEHBEHSS DATE : 2-MAY-84 HEERRBRERBARREARES
c

c

PROGRAM ABSORP
DIMENSION XR(256),X1{256),TR(129)
DDUBLE PRECISION E
CHARACTER*15 ANAME,BNAME,CNAME
DATA PI/3.18154926/
DATA TR/129%0./
c
C##4484 SET PROGRAM PARAMETERS AND READ CEPSTRM FILE NAME
c
N=128
N2=2#N
NK=N+1
WRITE (%,300)
300 FORMAT(’' ENTER RATID Li/L2 = '§)
READ{#,%) SCL
301 FORMAT(' ENTER # OF PDINTS FOR ANALYSIS = '8)
WRITE (#*,301)
READ (*,%) NN
501  FORMAT(’ ENTER START POINT = '$)
WRITE (#,501)
READ {#,%) NST
F=5, *P1/NN
IK=B%NN/10
JK2=9%NN/10
JKI=NN/10
WRITE  (%,302)
302 FORMAT(' ENTER CEPSTRUM FILE NAME = '$)
READ (#%,%) BNAME ,
OPEN (&,FILE=BNAME,STATUS='DOLD")
e
C4##44% READ DATA FROM DATA FILE
€
OPEN {9,FILE=BNAME,STATUS='DLD"}
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DB 502 J=1,N§T-1
502 READ (9,201) V
D0 2 J={,NN
READ{9,201) ¥
XI(3)=y
2 CONTINUE
CLOSE(9)
c
CEE##4% APPLY SIN 2 WINDOW TO THE DATA SEQUENCE OF NN POINTS
£
DO 3 I=1,NN
XR{I)=XI{1)#*SCL
IF((I=1) ,LE, K1) XR(TI=XR{D) % (SINCF#(I-1))) %%2
IF{(I=1}.BE.JK2) XR(I}=XR{I}*(SIN(F¥{I-1-1K)))#%2
3 CONTINUE

C
C#4#844 EXTEND SERIES TO 256 POINTS
£
D0 5 I=NN+1,N2
5 XR{1)=0,
DO 7 I=1,N2
7 X1¢(1)=0,
£

Ca44444 CALCULATE FFT
BPEN{11,FILE="BsHTAU. DAT',STATUS= "NEW')
D0 165 I=1,N2 -

WRITE(11,208)XR(I)
165  CONTINUE
CLOSE (1)
c
INV=0
CALL FTOIA(XR,XI N2,INVY”
IF(INV.EB.-1) GOTO 1000
c

C#H#4#E FIND POWER SPECTRUM AND ABSORPTION COEFFICIENT
C
D0 8 I=1,N#1
8 TR{I}= 1,=(XR{I}#$2+X1 (1) %#2)
GPEN(10,FILE='B: ABS.DAT",STATUS='NEW")
DO &5 I=1,NK
WRITE(10,201)TR¢I)
201  FORMAT(1X,E11,5)
65  CONTINUE
CLOSE (10)
60 TO 5t
1000 WRITE(*,106)
106  FORMAT(' ERROR. IN FFT ROUTINE®)
51 CONTINUE
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8TOP
END
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E.1 LISTING OF DRIVER.FOR.
CCCCCCCCoCCCoocoocoooCcoCoCceCCCoeoeCeobocecooocecccocCceoCeccCCCoCoCcCCenCecen
c C
G . £
C -SOUND TREATMENT CALCULATION PROGRAM c
c c
C ) ; . C
CCCCCCCCCCCCOCCCoCoCoCCCoCCCCCoCCoCooCococoaecaecteccoococccoctocoCcoccoene
C

c

c

Cashaanisae PROGRAMMER : R.NAVANEETHAN BREBREFBHBGHER IR
Casasanaiids . VERBION : 1 EsabaRhnbabuanes
Chasipndinaags DATE : FEB 15, 1984 BHARHBHANGRBNAARNNG
c

c

Cfssaay

OO OOOOOoODOnNOOoOnDNOOOOO0OOO0DoOOoNonn

INPUT DATA :
THE NAME OF THE DATA FILE NEEDS TO BE INPUT
INTERACTIVELY. GEE USER'S MANUAL FOR THE
HINPUT DATA AND FILE FORMAT

OUTPUT DATA
BOTH ON PRINTER AND DATA FILE (NAME TO BE
SPECIFIED INTERACTIVELY

BTHER DETAILS:

THE M PROGRAM DRIVER 1S ON THIS FILE
NAMED. ‘DRIV.FOR’. THE SUBROUTINES ARE
ARE AVAILABLE ON A FILE NAMED 'T2LYER.FOR'.
THE FUNCTIONS NOT AVAILABLE IN THE SYSTEM
LIBRARY OF MINC ARE GIVEN IN 'CLAYER,FOR',
TO EXECUTE COMPILE DRIV, T2LYER,CLAYER AND
LINK TO BET AN EXECUTABLE. FILE 'DRIV,SAV‘.
THIS HAS BEEN DONE ALREADY FOR THIS VERSION,

IF FORTRAN SOURCE FILES ARE MODIFIED THEN

- REPEAT THE ABOVE PROCEDURE.

TGO RUN THE PROGRAM:
1. PREPARE DATA FILE ACCORDING TO
USER'S MANUAL.
2. TYPE 'RUN DRIV <CR>’
3. WHEN ASKED FOR,GIVE INPUT DATA
FILE AND DUTPUT DATAR FILE.

FILE NAME FORMAT IN MINC :
REFER RT1! OPERATING MANUAL
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C
£234567

PROGRAM SPL
c

, Chnddauds  THIS PROGRAN CONTROLS THE SOUND TREATMENT REGUIRED FOR AN
Cashuusss AIRCRAFT

c :
REAL BELTL{5,23),5PLWO(D,23)(8PLW(5,23),SCAREA(T} BECHT(I)
REAL SPL{S),FRER(23),TLT(23),PR{2),TP{2),AWT(23),5PLA(D)
BYTE INAME(LD) ,ONAME(13),0UTFIL(S,19)
COMMON /MAIN/ PR,TP,AHACH
DATA INAME,ONAME/30%' '/
DATA QUTFIL/75%' °/
DATA FREG/31.95,40.,50.,63.,80.,100,,125.,1560.,200.,250.,315,,
%400.,500.,430.,0.,1000,,1250,,14600,,2000.,2500.,3150.,4000.,
-45000./
DATA AWT/-39.4,-34.6,-30.2,-24.2,-22.5,~19,1,-16.1,-13.4,-10.9,
&'8-6,"&.6,'4.8,“3.2,"1-9,".8,0. ,l6,1|;ll2,1!3,1|2,1: ,15/ ’
NFRE@=23
L

CHA###4#4 READ INTERNAL SOUND PRESSURE LEVEL WITHOUT ANY TREATMENT
e
TYPE #,' ENTER NAME OF THE INPUT FILE °
ACCEPT 100, {INAME(I) ,I=1,14)
C
CH4H58488 READ DUTPUT FILE NAME
L .
TYPE%,* ENTER NAME OF THE OUTPUT FILE
ACCEPT 100, (ONAME(I),I=1,14)
100 FORMAT(14A1)
c
Ca#4E#ED  OPEN AND READ INPUT-DATA FILE
¢
OPEN (UNIT=8,NAME=INAME,TYPE="0LD")
READ (8,101} ISECT
READ (8,105) PR(1),PR(2),TP{1),TP(2),AMACH
101 FORMAT(I10)
D0 1 I=1,ISECT
READ (8,102) SCAREA(I)
READ (8,105) (SPLWO(I,J),Jd=1,23)
105  FORMAT(7F10.5)
102  FORMAT (F10.4)
WRITE(4,120) 1SECT

120  FORMAT(' SECTION = *41I3)
CALL TLOSS(TLT,SECHT(I))
D0 2 J=1,23

2 RELTL{I,J)=TLT{I)

c
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CHA#448 FORM-FEED 70 THE PRINTER

¢
CLOSE(UNIT=6)
DPEN(UNIT=6)

1 CONTINUE

C

Ci##asy CLOSE DATA FILE

c
CLOSE(UNIT=8)

c

CH###448 CALCULATFE INTERIDR SPL WITH TREATMENT AND TREATHMENT WEIGHT
: \
TOTHT=0,
D6 5 I=1,ISECT
SPL (1)=0,
SPLA(I)=0.
DO 4 J=t,NFREQ
SPLW{I,3)= SPLWG{I,J)-DELTL{I,3)
SPL(1)=SPL (1)+ 10.%%(SPLW(I,J)/10.)
SPLA(I)=GPLA{I)+ 10, %% ({GPLH(I,J)~AWT(J)1)/10.)
4 CONTINUE
SPL(1)=10,%ALOG10(SPL (1))
SECHT (1) =SECHT (1) ¥5CAREA(I)
TOTHT=TOTHT+1)
5 CONTINUE
OPEN(UNIT=9, NAME=ONAME,TYPE='NEW')
WRITE(9,200)
WRITE(&,200) :
200  FORMAT('  NOISE CONTROL TREATMENT DESIGN RESULTS®)
WRITE{9,201) TOTHT
WRITE(&,201) TOTHT
201  FORMAT{5X,’ TOTAL TREATMENT WEIGHT = *,F10.5,' KG5')

WRITE(9,202) .
202  FORMAT(5X,‘ GSECTION PREDICTED SPL WEIGHT OF
& TREATHMENT{KGS) ")
WRITE(%,205)
205  FORMAT(' DBL DBA")

D0 &6 I =1, ISECT

WRITE(9,203) I,8PL(I),SPLAECUHT(I) .

WRITE{&,203) I,S5PL(I),SPLACI},BECHT(I)
203  FORMAT(10X,I1,10X,F&.1,30%,F6,1,12%,F6.2)
é CONTINUE )

8TOP

END
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EFFE&T oF
DISCRETE TONE
ROUTINE: SPFRER

EFFECT OF BAND
OF FREGQUENCY

* ROUTINE: BNFREGQ

EFFECT OF
TREATMENT
ROUTINE: TL

CHECK BACKGRGUND
LEVEL
AOUTINE: BKGRD

CALCULATE OVERALL
LEVELS
ROUTINE: SYNINT

-7 DISPLAY
ROUTINE: SYNOIS

CHANGE AGAIN ¢

END
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F.2  LISTING OF THE PROGRAM

‘cLEAR T -

CREATE SYNTH

“XREF BLKIN

XREF SPFREQ

XREF ENFREQ

XREF TL

XREF BKGRD

XREF SYNINT

XREF KEYIN

XREF SYNDIS

199 BLKCLR

11 BLKIN B#,PH

12¢ MOVE B#,B1

137 PRINT 'OPTIONS AVAILABLE:'

147 PRINT 'G= NO CHANGE' :
159 PRINT' '1= CHANGE THE SPL AT A SPECIFIED FREQ’
169 PRINT ‘2= CHANGE THE SPL OVER A FREQUENCY RANGE'
179 PRINT *3= ADD A SOUND TREATMENT®

189 INPUT 19

195 IF 14,1,298,208,228

288 SPFREQ Bl

219 GOTQ 298

229 If 1#,2,259,238,250

239 BNFREQ Bl

249 GOTO 299

259 IF 1%,3,289,269,288

269 TL B1

274 GOTO 298

289 GOTO 134

238 REMARK CONTNUE

295 BKGRD Bl

308 PRINT ‘CONTINUE MODIFYING'

318 HINPUT I3,'Y', N’

329 GOTO 13,399,139,338

339 BLKDEF B14,6,9

335 ZERGC B14 ‘

349 SYNINT

359 PRINT 'ENTER TITLE FOR DISPLAY (44 CHR MAX)®
360 BLKDEF B15,24,1

374-KEVIN 7,39

389 SYNDIS

399 PRINT ‘CONTINUE ?7°
. 489 HINPUT I5,'Y','N’

415 GOTO 15,39%,429,58¢

429 END -

439 PRINT "CPTIONS AVAILABLE'

448 PRINT ‘g WITH ORIGINAL SPECTRUM'

458 PRINT *l1= WITH MODIFIED SPECTRUM'
458 INPUT 1%

479 GOTO 15,497,482

487 GOTO 132

495.GOTO 128

588 END

518 RETURN

CREATE SPFREQ

XREF PEAK )
XREF BPRINT .

198 STACK 1£2,181,193,154,114,115
119 STACK 20%2,281,282,2583

111 PRINT 'WANT THE PEAK FREQ AND THE VALUES 7°
112 HINPUT 18,'Y','N*

113 Goto 14,111,114,12¢

114 PEAK pg

128 PRINT 'ENTER VALUE OF FREQ TO BE CHANGED?®
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147
158
169
178
l8g
19y
28y
21y
228
238
249
258
268
278
288
299
398
319
328
337
347

ORIGINAL PAGE 8
OF POOR QUALITY

INPUT R2 .
BIBSET P#,5,17

‘BIBSET PH,5,R%

QUOT R1,R¥,I0

PROD R1,R1,.5

STACK 2#2,281,0,1, 151

DIF I14, Il 3

SUM I18,I11,3

BPRINT Pﬂ,Il#,IIE.Rl

PRINT 'WANT TO CHANGE ?°

HINPUT I2,°'Y','N?®

GOTO 12,228,254,299

PRINT 'ENTER CHANGED VALUE?®
PRINT 'ONLY 4 TH VALUE WILL BE CHANGED®
INPUT R3

LET P#,I1,R3

PRINT ‘CONTINUE SP FREQ CHANGE?'
HINPUT I2,°'Y','N'

GOTO 12,2%4,1298,329

STACK 253,252,251, 258

STACK 1565,164,154,153,151,15¢
RETURN

CREATE BNFRED
XREF BPRINT

18y STACK 1g7,1£1,192,1£83,124,114,115
119 STACK 284,291,282 ,283,264

126 PRINT 'ENTER LIMITS OF FREQ. RANGE'
13F PRINT 'MIN®

148 INPUT R2

158 PRINT *‘MAX'

169 INPUT R2

175 BIBSET P%,5,18

18 BIBSET P9,6,RE

199 QUOT R1,RA,1H8

2@ PROD R1,R1,.5

217 STACK 292,281,5,1,164

228 STACK 283,291,5,1,165

‘239 PRINT 'UNCHANGED VALUES'

240 BPRINT PH,I14,1I15,R1

245 PRINT 'OPTIONS AVAILABLE:'

258 PRINT ‘1= CHANGE BY CONSTANT .DELTA DB’
262 PRINT '2= CHANGE TO A CONSTANT VALUE®
278 INPUT 18 -

289 GOTO [&,25¢,298,357

29¢ PRINT 'ENTER DELTA DB. REDUCTION'
388 INPUT R4

319 FOR 11,114,115

32¢ DIF P4,11,P4, I1,R4

338 NEXT Il

349 GOTO 409

352 PRINT 'ENTER NEW VALUE®

365 INPUT R4

372 FOR 11,114,115

380 LET P#,I1,R4

398 NEXT I1

486 PRINT 'CHANGED VALUES!

417 PRINT P®,I14,115,R1

429 PRINT 'CONTINUE ?°

439 HINPUT I4,'Y','N’

448 COTO 14,429,128,458

459 STACK 254,253,252,251,258

467 STACK 165,164,154,153,152,151,158
473 RETURN

CREATE TL
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" XREF
XREF
XREF
XREF
XREF
XREF
199
119
12w
13g
149
159
169
1772
172
173
174
175
1786
177
178
179
184
189
298
21y
211
229
239
249
254
4:3:4
z2le
2848
281
283
299
88

. ) &
oRiGINAL PACE B
MASLAW OF POOR QUALITY
DUBWAL
STLAW
TTL
TTL2
TTL1
STACK 190 )
PRINT 'OPTIONS -AVATILABLE!
PRINT -'8= MASS LAW®
PRINT "1= STIFFNESS TREATMENT'
PRINT '2= OTHER TREATMENTS'
INPUT 18 '
GOTO 18,179,192,213
PRINT 'OPTIONS:"
PRINT '@8= SINGLE WALL'
PRINT ‘1= DOUBLE WALL'
INPUT 14
GOTO 18,176,178
MASLAW PA
GOTO 298
DUBWAL PG
GOTO 299
GOTO 294
STLAW PZ
GOTO 299
PRINT 'OPTIONS AVAILABLE'
PRINT 'B= SOUND TREATMENT WITH KNOWN DELTA TL VS FREG'
PRINT '1= ADDITIONAL ABSORPTION'
PRINT '2= ADDITIONAL FIBERGLASS: BLANKET'
INPUT I8
GOTO 1¢,283,268,280%
TTL Pg -
GOTO 29¢%
TTLZ PE&
GOTQ 298
TTL! Pg
STACK 158
RETURN

CREATE MASLAW.

188
13¥°)
128
132
147
159
169
17g
189
189
238
21z
224
238
. 247
238
264
274
288
294
292
395
391
342
3zg

STACK 188,181

STACK 2#¢,281,282,203,294,295,206,297,208.

PRINT *ENTER EXISTING. AVERAGE MASS PER UNIT AREA(LB/SQFT)'

PRINT *INCLUDE SKIN,TRIM,LEADED. VINYL'

INPUT RO

?:INT "ENTER MASS PER UNIT AREA OF ADDITIONAL TREATMENT"
PUT R1

PRINT *ENTER OUTSIDE TEMP {DEG F) AND PRESSURE (PSI}'

INPUT R2,R3.

STACK 282,459.7,2,16,14,96,4,254

STACK 2£2,32.,3,.5555,4,273.,2,258

STACK 2#3,2945,5,24.,4,255

STACK 3.14,285,5,204,5,255

PROD RZ,RE,4.882

PROD R1,RI1,4.882

SUM R1,R%,R1

BIBSET P#,5,18

BIBSET P#,6,R6

QUOT R7,R6,12

PROD R7,R7,.5

SUM 1#,18,-1

FOR 12,2,18

LET 11,12

STACK 1#21,9,287,4,258

STACK 295,298,4,291,4,253,283,243,4,1.,2,24,10.,4,253
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337 STACK 295,2928,4,289,4,252,282,282,4,1,,2,298,18.,4,252
349 SUM P¥,I11,P@,11,R2

354 DIF PH,I1,PH, Il R3

368 NEXT 12

378 STACK 258,257,256,255,254,253,252,251,259

384 STACK 151,168

394 RETURN

CREATE BKGRD

192 STACK 124,181,182,299,261,252,283,244

2¢gg BIBSET P4.5,RE

3g4 BIBSET P#,5,1%

4949 STACK 289,128,2,5,2.,5,258

5g7 SUM 14,18,-1

644 FOR I11,8,18

614 STACK 181,4,289,4,251

63% STACK 45.,39.,599¢,,5,14.,291,3,4,2,252

632 REMARK CORRECTION FOR ANALYSIS BANDWIDTH

635 STACK 2g2,19.,12.5,289,5,29,4,3,252

642 LET R3,P4,I1!

65 IF R3,R2,564,70K,740

664 LET PO,I1,R2

788 NEXT I1

714 STACK 254,253,2582,251,25¢8,152,151,154

728 RETURN

CREATE STLAW

194 STACK 18¢,191

11 STACK 2p#,201,2482, 293,204,295 ,296,207,208,209,215,211,212,213,214,215
124 PRINT 'ENTER AVERAGE MASS PER UNIT AREA OF SKIN(LB/SQ FT)'
13 INPUT R@

131 PRCD R@,RH,4.882

149 PRINT 'ENTER AVERAGE MASS PER UNIT AREA OF FRAMES{LB/SQ FT)'
158 INPUT R1

151 PROD R1,R1,4,882

168 PRINT 'ENTER AVERAGE STIFFNESS OF FRAMES{LB.IN)'
178 INPUT R2 .
171 PROD R2,RZ,.113

1ag PRINT 'ENTER ADITIONAL MASS PER’ UNIT AREA OF STIFFNES TREATMENT'
19 INPUT R3 -

191 PROD R3,R3,4.882

288 PRINT 'ENTER ADDITIONAL STIFFNESS DUE TQ TREATMENT'
21 INPUT R4

211 PROD R4,R4,.113

228 PRINT 'ENTER TEMP (DEG F) AND PRESSURE {(PSI!'

238 INPUT R13,R14

248 STACK 213,45%9.7,2,16,14.96,4,265

258 STACK 213,32.,3,.5555,4,273.,2,262

2EJ STACK 214,212,5,24.,4,262

278 STACK 2.,212,4,215,4,265

282 STACK 2g89,291,2,255,292,205,5,16,255

298 STACK 2¢%,291,2,283,2,256,2982,284,2,296,5,16,256
31z MOVE P@,B3

328 BIBSET P#,5,19

3379 BIBSET P#,6,R7

349 QUOT R8,R7,19

358 PROD RS8,R8,.5

355 SUM 1g,14,~1

368 FOR I1,2,18

379 STACK 191,%,2088,4,6.28,4,259

387 IF R9,R5,3%92,394,4148

327 SUM R1&,RH,R1

468 GOTQ 428

419 LET R1&,R%

42% STACK 295..34 4,219,4, 215,2 261,211 211.4 261

437 LET 83,I1.R11
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449 STACK 295,209,5,261,211,211,4,1.,3,11,214,4,209,4,261
458 STACK 211,211,4,261 .

464 SUM B3,I1,83,11,R1l

461 LET R11,B3,11

462 STACK 211,215,5,215,5,261

463 LET B3,I1,RI1

464 NEXT 11

465 LOG B3

466 MLCONR 12.,B83 -

467 ADD B3,PH

468 FOR 11,9,18

469 STACK 101,%,208,4,6.28,4,259"

479 IF R9,R6,489,488,509

489 STACK 289,281,2,283,2,264

496 GOTO 514

599 STACK 200,283,2,260

518 STACK 266,.94.4,219,4,215,2,261,211,211,4,261
526 LET B3,11,RIl

53¢ STACK 296,209,5,261,211,211,4,1.,3,11,219,4,299,4,261
548 STACK 211,211,4,261

550 SuM B3,I11,83,11,R11

564 NEXT 11

565 STACK 215,215,4,265,1.,215,5,265
58 MLCONR R15,B3

69@ LOG B3

6§28 MLCONR 14.,B3

649 SUB B3,PZ

658 STACK 265,264,263,262,261,268,259,258,257, 256,255,254 ,253,252,251,259
664 STACK 151,154

678 RETURN

CREATE TTL1

82 PRINT 'THIS SUBROUTINE USES STRAIGHT LINE INTERPOLATION BETWEEN'
83 PRINT 'FREQ. STARTING FRE@ IS ZERO. ENTER WHEN ASKED. FREQ AND ™
84 PRINT 'THE CORRESPONDING DELTA TL'

98 STACK 199,101,261,292,293,204,205,296,287

180 BIBSET P9,6,R1

110 BIBSET P4,5,14

128 STACK 241,198,9,5, 2.,8,251

137 MOVE P#, 83

14g ZERO B3

145 LET R2,4.

146 LET R4,d.

158 GOSUB 1897

155 SYM 10,19,-1 .

169 FOR I1,4,15

179 STACK 141,8,291,4,256

188 IF R6,R3,209,209,1908

199 LET R2,R3

191 LET R4,RS

192 COSUB 1897

208 STACK 205,204,3,203,202,3,5,206,202,3,4,284,2,257
219 IF R6,197,220,230,238

226 LET R7,9.

238 IF R7,4d.,258,250,248

248 LET R7,48,

258 LET B3,I1,R7

268 NEXT Ii

278 SUB B3,PY

275 STACK 257,256,255,264,253,252,251, 151,150

284 RETURN _

1899 PRINT 'ENTER FREQ VALUE'

1918 INPUT R3

129 PRINT 'ENTER ADD. TL DUE TO TREATMENT AT THIS FREQ
1938 INPUT RS
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'1945 RETURN

CREATE SYNMES

9g END :

189 PRINT 'TC RUN LOAD BLKIN AND XDISPL.'

114 PRINT 'THEN EXECUTE SYNTH TIC DEV:FILNAM.EXT TIC.'
124 PRINT 'FOR HELP, LQAD TIC HELP.MEW TIC AND EXECUTE"
139 PRINT 'HELPNT TIC OVRWRT.HLP TIC °

144 RETURN -

CREATE TTL

XREF BLKIN

XREF ABS

1g¢ STACK 188,151

124 STACK 291,222,203,294,205,2096

14 STACK 182,183

168 PRINT '‘OPTIONS AVAILABLE:'

188 PRINT '@= EXPERIMENTAL ABS IN CURRENT FUSELAGE DESIGN®
29 PRINT "1= OPTIMISED ABS IN LO FREQ REGION’

228 PRINT '2= QPTIMISED ABS IN Hi FREQ REGION'

248 INPUT I3

264 BIBSET P#,5,I11

289 BIBSET Pg,6,R1

35-3 STACK 2311131,3,5|2.|5!252

329 STACK 19%.,282,5,1,152

344 DIF I1,11,1

364 GOTO 13,389,668,68%

388 PRINT *ENTER UNTREATED ABSORB COEFF 7'

488 INPUT R3

4278 PRINT 'ENTER MAY TREATED ABSORB:COEFF?°*

447 INPUT R4

,469 MOVE P#,B3

489 ZERQ B3

5¢4 FOR 1#,12,I1

528 STACK 104,%,282,4,285

47 STACK 245,28,2.,3,204,203,3,4,283,2,2586

564 IF RS,150%.,698,608,580

58% LET R&,R4

6£% STACK 2#3,2¢6,5,29,19.,4,11,256

629 LET B3,I18,R6

647 NEXT 18

657 SUB B3,P8

655 GOTC 72¢

668 BLKIN B11!,*ABSLO.TAB'®

665 ABS P ,

67% GOTOQ 72%

687 BLKIN BIl,'ABSHI.TAB'

685 ABS P@

728 STACK 153,152

74p STACK 256,255,254,253,252,251,151,15%

769 RETURN

CREATE TTL2

189 STACK 127,181, 132 201 ,202,203,284,245

127 REMARK THIS SUBROUTINE CALCULATES THE RESISTIVE LOSS DUE TO
149 REMARK PORQUS BLANKET™

164 PRINT 'RESISTIVE LOSS DUE TO FIBERGLASS BLANKET'
165 PRINT 'OPTIONS AVAILABLE:"

175 PRINT '@= BLANKET TYPE A (PF185)' .

172 PRINT '1= BLANKET TYPE B (PF185 WITH HIGHER LOQ FREQ TL)
174 PRINT '2= BLANKET TYPE C (TYPE 8 WITH LOWER HI FREQ TL)
178 INPUT 12 -
229 PRINT '"ENTER BLANKET THICKNESS IN INCH'

244 INPUT RS .

260 BIBSET P#,5,I1

28¢ BIBSET PZ,6,R1

30@ STACK 2#1,1£1,%,5,2.,5,252
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DIF'IL,11,1

MOVE PS,B3

ZERO B3

FOR 18,1,1I1

STACK 18%,.8,242,4,253

STAGK -29%3,25,253

GoTO 12,425,592,512

IF R3,2.,440,449,489

STACK .95,293,28,4,254

GOTO 528

REMARK CONTINUE

STACK -1.234,293,4,16.53,2,203,4,53.76,3,293,4,51.37,2,254
GOTO 528

IF R3,2.,583,5%3,585

STACK .6,283,4,254

GOTO 528

STACK 2.593,293,4,714.56,2,283,4,29.66,2,292,4,-19.87,2,254
GOTO 524

If R3,2.,513,513,515

STACK .6,203,4,254

GOTC 524

STACK -1.268,203,4,14.37,2,293,4,-43.25,2,293,4,4%.44,2,254
STACK 204,225,4,254

LET B3,15,R4

NEXT 18

SUB B3,PQ

STACK 255,254,253,252,251,152,151,158

RETURN

CREATE DUBWAL

1480
19Y:)
129
139
135
l4g
l1sg
155
168
178
182
19z
298
218
228
238
248
258
268
3
3lg
315
328
338
4z
388
399
499
413
428
438
449
485
464

STACK 1£7.181

STACK 204,291,202,203,204,205,206,287,212,213,214, 215
PRINT 'ENTER MASS PER AREA (LB/SQ FT)'
INPUT RZ

PROD R#,RY,4.882

PRINT 'ENTER SPACING IN INCH'

INPUT R1

PROD RI1,R1,.8254

PRINT ' ENTER TEMP(DEG F)} AND PRESS (PSI)'
INPUT RI3,R14

STACK 213,459.7,2,16,14.96,4,265

STACK 213.,32.,3,.5555,4,273.,2,262

STACK 214,212,5,24,,4,215,4,262

MOVE P%,B3

BIBSET P#,5,18

BIBSET P#,6,R2

STACK 202,180,7.5,.5,4,252

LET R3,1.

SUM 14,18,~1

FOR I11,2,18

STACK 191,2,202,4,6.28,4,254.

STACK 264,200,4,212,5,257

STACK 287,283.4,.5,4,255,295,245,4,255
STACK 1.,295,2,24,19. 4,255

suM Pg,11,Pg,11,R5 -

STACK 204,291,4,293,4,215,5,256. °

STACK 206,14,287,.5,4,203,4,256,15,4,3,255
STACK 205,205,4,207, 4,243, 233 4,4, 1.,2 /255
STACK 285.29,18.,4,255

DIF P9,11,P8,11,R5

NEXT Il _
STACK 265,254,263,262,257,256,25§,254,253,252,251, 258
STACK 151,159

RETURN

CREATE BPRINT
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STACK l1g8

STACK 213,214,215

LET R15,P3

PRINT * FREQ SPL'
FORMAT 1,7,2

FORMAT 2,7,2

FOR I8,P1,pP2 .
STACK 1£8,9,215,4,264
LET R13,P8&,18

PRINT R14,° 'LR1I3
NEXT IB

FORMAT

STACK 265,264,263

STACK 158

RETURN

CREATE INTEG

58S
14
29
22
23
39
48
54
64
79
9g
189
118
t12

TACK 182,181

STACK 194,2g9,241

LET RI,H.

LET I1,P1

LET 12,P2

ForR 1&,11,12

LET RO,PH,1H .
STACK 248,.1,4,22,258 .
SUM RI,RI,RE

NEXT 1o

$TACX 241,28,19.,4,251
LET P3,R!

STACK 251,258,158
STACK 151,152

128 RETURN
CREATE SYNDIS

XRE
XRE

F DISPLY
F LAS!

194 STACK 1£8,289,281,282
115 PRINT "ENTER DISPLAY OPTIONS:'®
128 PRINT '&= ORIGINAL SPECTRUM®

138

PRINT '"1= MODIFIED SPECTRUM'

149 PRINY '2= BOTH SPECTRA'
158 INPUT 18 -

169

PRINT 'ENTER MAX VALUE VERTICAL SCALE'

178 INPUT RZ .
185 PRINT 'FREG RANGE'

182
183
184
186

PRINT 'MIN'
INPUT RE
PRINT "MAX®
INPUT R1

294 GOTO 19,21%,239,25% N

218 DIiSPLY B&,'M','EX',R&,R1,'YLAB*,'DB','SC* ,R2,"GLAB ', 'UNMOD SPECTRA',*SUB',LABI
228 GOTO 274 -

DISPLY Bl,'M','EX',R¥,R1,'YLAB','DB','SC',R2, 'GLAB', *MOD SPECTRUM','SUB!,LAB1,

239
243
259
26& DISPLY B1,*'M','EX*,RH,R1,"SC’ ,R2'NG*,"G"

278
275
288
298
3489
e
329
338

GOTO 279

DISPLY BB,'M'.'EX'.RE.RI.‘YLﬁﬁ;aEDB'.'SC'.RZ,'GLAB',' ‘y'SUB',LAB1,'G", 'R’

ERASE -

PRINT 'CONTINUE DISPLAY'
BINPUT I8,°'Y','N"
GOTO 19,272,119,399
HOLQUT ‘KB',27

HGLOUT ‘KB',12 .
STACK 252,251,26#,188
RETURN

CREATE SYNINT

XRE

F INTEG
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XREF AWT’

XREF SIL

13 STACK 284,2083,204,191,1982, 123

[1F PRINT 'ENTER LIMITS OF INTEGRATIONY
128 PRINT *MIN'

132 INPUT R3

148 PRINT ‘'MAX" - -

158 INPUT R4

165 BIBSET B#,5,T1I

172 BIBSET BZ,6,Rg

189 STACK 244, 191,9,5,.5,4, 251

198 STACK 283,281,5.1,152, 254,281,5,1,153
206 INTEG BgZ,12,13,R3

218 LET Bl14,%,R3

228 INTEG B1,I2,13,R3

234 LET 814,2,R3

24% MOVE B#,B3

252 AWT B3

‘269 INTEG B3,I12,13,R3

275 LET B14,1,R3

288 MOVE B1,B3

298 AWT B3

387 INTEG B3,I2,I3,R3

31& LET B14,3,R3

328 STACK 28%,.5,4,258

336 IF RA,.5658.,3B5,3448,345

347 SIL BF,R3

354 LET B14,4,R3

364 SIL B1,R3

378 LET B14,5,R3

387 STACK 153,152,151,254,253,259

397 RETURN

CREATE AWT

189 STACK 154,121, 132 298,281,292

117 BIRSET Fg,5,I1

120 BIBSET PZ.6.RG

137 QUGT R1,RA,11

149 PROD RI,R1,.5

i54 LET P#,4,8.

185 SUM 11,11,-1

164 FOR 18,1,I1

179 STACK 187,%,221,4,25,258

187 STACK 287,2068,4,200,4,269,4,-.8345,4
198 STACK 248,200,4,200,4,108.87,4

209 STACK 209,2098,4,-55.73,4

218 STACK 2g99,16&.7,4,~184.8,2,2,2,2
228 STACK 258

254 LET R2.PE,.18

268 STACK 282,289,2,252 ,

278 LET P#,1#,R2

28¢ NEXT 1@

294 STACK 252,251,259,152, 151.159

3% RETURN
CREATE KEYIN
199 SUM 18,P5,~1
112 SUM 12,18,1 :
125 HOLIN 'KB',11 '
139 IF 11,13,148,258,148 -
142 IF 11,127,218,158,214
157 SUM IZ,19,-1

168 IF 19,P8,17¢,1008,19%
179 LET 19,P8

188 GOTO 12¢

198 HOLOUT 'KB',92
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299 GOTO 12§

21g IF 1#8,P1,229,2209,2%9%
228 HOLOUT 'KB',Il
239 TRANS 1,B15,14,I1
248 GOTO 114

258 IF 14,P1,260,269,298
262 FOR I1,14,P1-

278 TRANS 1,B15,I1,32
288 NEXT I1

28945 PRINT

312 RETURN

CREATE BLKPRT

1728 FOR 1#,#,38

119 TRANS #,B15,18,11
12g HOLOUT 'KB',Il
139 NEXT 1Z

145 PRINT

158 RETURN

CREATE LAB!

XREF BLKPRT

188 STACK 28%,221,262,203,284,285,285
11§ BEAMP 2g#,145

128 BLKPRT

139 BEAMP 8,185

148 FORMAT 1,6,2 -
145 FORMAT 2,6,2

156 LET R4,Bl4,4

l6g LET R1,B14,1

179 LET R2,B14,2

18 LET R3,B14,3

182 LET R4,B14,4

184 LET R5,B14,5

288 PRINT 'OVERALL LEVEL UNMOD MoD!'
217 PRINT 'LINEAR DBL ',Rg,' 'WR2Z2

229 PRINT 'AWTED DBA ',RI,® ',R3
235 BIBSET B#,6,R6 .
249 STACK 226,.5,4,256

254 IF R6,565%.,274,260,269

268 PRINT 'SIL D8 ',R4,'. ",RE
278 STACK 256,255,254,253,252,251,250

284 FORMAT

299 RETURN

CREATE SIL

199 STACK 1980,101,182,104,299,281,204,288
118 BIBSET BZ,5,I18 .
12¢ BIBSET BS,§,R2

139 STACK 1490,4,262,5,2.,4,252

148 LET RZ,H.

159 LET RI1,Z.

168 LET 1,355

17¢ LET 12,765

188 STACK 192,%,282,4,1,152

192 STACK 181,2,2082,4,1,151

288 FOR 18,1,4 -

219 FOR 14,I1,12

227 LET RS5,PZ,14

239 STACK 285,14.,5,22,255

248 SUM RE,RE,RS

258 NEXT I4

264 STACK 20%,20,18.,4,259

279 STACK 281,289,2,251,142,151,182,9,2.,4,1,152.
289 LET RH,H.

290 NEXT 14

3188 STACK 2£1,4.,5,251
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LET P1,R1?

$TACK 255,254,251,259,154,152,151,158
RETURN

CREATE ABS

1 R

EMARK THIS SUB CALCULATES ADD. TL DUE TO ABSORPTION.

289 STACK 1Hﬁ,lﬂlljﬁzp133,253,231,232;2@3,234.255,235,237

Ag L
54 B
64 B
78 S
8g M
9g Z
168
118
128
139
1479
158
155
169
162
165
178
187
284
205
296
297
21g
229
239
244
25%
1958
1518
1929
1938
174y
1858

ET 12,0 .
IBSET P#,6,RI
IBSET P%,5,19
TACK 2981,18%,4,5,2.,5,251
OVE P%,B3
ERO B3
LET R2,4.
LET R4,4.
GOSUB 1889
SUM I4,18,-1
FOR 11,1,18
STACK 181,8,2081,4,256
STACK 206,24,256
IF R6,R3,288,2089,162
IF R3,3.692,165,208,208
LET R2,R3
LET R4,R5
GOSUB 198%
STACK 295,294,3,293,292,3,5,296,202,3,4,204,2,257
STACK .1,287,5,24,19.,4,11,267
IF R7,19.,218,218,287
LET R7,18.
LET B3,I1,R7
NEXT 11
SUB 83,PQ
STACK 257,256,255,254,253,252,251,258,153,152,151,158
RETURN .
SUM 13,12,1
LET R3,B11,12
STACK 2£3,28,253
LET R5,B11,I3
SUM 12,12,2
RETURN

CREATE PEAK
18 STACK 10#,181,182,294,241,202 .
15 STACK 183,283

29 8
37 B

IBSET P&,5,I1
IBSET P#,6,RH

48 STACK 2#4,101,2,5,2.,5,259

§# E
&g P

RASE
RINT ! FREQ PEAK VALUE®

78 FORMAT 1,18,2
84 FORMAT 2,10,2

eg D
9% L

IF I1,I1,18.
ET 14,3

168 MOVE Pg,B3
112 DIFF B3
128 SUM 19,14,1

134
142

IF 1#4,11,145,259,258
IF B3,1%,129,129,158

15 SUM lg,12,1

leg

If B3,19,179,154,158

172 DIF 12,14,1

171 DIF I2,14,1

172 DIF R2,PH,12,P0,12
173 SUM I13,18,1

174 DIF R3,P%,13,Pq,12
17% STACK 283,184,253
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184 IF R2,3.,182,199,192
182 IF R3,3.,12%,198,19%2
199 STACK 189,8,28%,4,251
Z¥g LET R2,PH,IH
21 PRINT R1,R2

229 SUM 19,15,1

238 IF 19,11,129,249,249
249 REMARK CONTINUE
258 FORMAT

255 STACK 253,153
264 STACK 252,251,256,152,151,15¢
278 RETURN

CREATE SAVSYN

XREF SYNTH

XREF SPFREQ

XREF BNFREQ

XREF TL

XREF MASLAW

XREF BKGRD

XREF STLAW

XREF TTL1

XREF SYNMES

XREF TTL

XREF TTL2

XREF DUBWAL

XREF BPRINT

XREF INTEG

XREF SYNDIS

XREF SYNINT

XREF AWT

XREF KEVYIN.

XREF BLKPRT

XREF LAB!

XREF SIL

XREF ABS

XREF PEAK

17 OSPEC 'MSYNTH.RN’
22 PRINT 'CLEAR?

39 SAVE SYNTH, 'NE’
45 SAVE SPFREQ,'NE
59 SAVE BNFREQ,'NE
69 SAVE TL,'NE°

78 SAVE MASLAW,'NE®
75 SAVE BKGRD, NE®
.8 SAVE STLAW, 'NE'
99 SAVE TTLI, 'NE®
159 SAVE SYNMES,'NE'
118 SAVE TTL,'NE'
129 SAVE TTLZ,'NE’
122 SAVE DUBWAL,'NE'
139 SAVE BPRINT,'NE*
132 SAVE INTEG,'NE’
134 SAVE' SYNDIS,'NE'
136 SAVE SYNINT,'NE'
149 SAVE AWT,'NE'
159 SAVE KEYIN, 'NE'
160 SAVE BLKPRT,'NE' -
178 SAVE LABI,'NE'
172 SAVE SIL,'NE'
189 SAVE ABS, 'NE'
290 SAVE PEAK,'NE'
219 SAVE SAVSYN, 'NE'
220 PRINT 'SYNMES'
238 PRINT 'END

249 END

254 RETURN

SYNMES

END
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F.3 A SAMPLE APPLICATTION CESSNA

In this appendix the application of this program during a noise
control program of é noisy, production, business-jet aircraft by the
engineers at Cessna Aircraft Company is described. Figure F.1 shows
the interior spectrum in the aft seat area of this aircraft. The
overall linear and A-weighted levels were high, The preferred
Speech Interference Levels {(PSIL) were acceptable, The aircraft
interior spectrum was then analyzed using this program. From the
low figure of PSIL it is obvious that the higher levels were due to
the high low-frequency content. As can be seen in Figure F.1, the
discrete tone at 270 Hz dominates the spectrum. This tone
corresponas to engine N; tone. The use of PEAK subroutine in the
program showed fnis value to be 97.2 dB. 7The levels of the
neighboring band {265 and 275) were found to be 91.6 and 94.7 4B,
This high valﬁe at these locations could be attributed to spectral
leakage. Comparison with the normal aircraft interior spectrum
showed that the peak sh@uléJrange from 85 to 88 dB, The effect of
reducing this tone to normal levels is shown in Figure F.2. In this
case the tone at 270 Hz was reduced from 97.2 to 90 dB. The values
at 265 and 275 Hz were also changed correspondingly. This reduction
alone decreased the overall linsar and A-weighted levels from 101
dBL, and 92.9 dBA to 96.6 and 88 4BA. A reduction of this peak to 84
would have reduced the levels to 95,2 dpL and 86.2 dBRA. Hence,

before any application of additional treatment, the eggine

installation interference wag checked. A slight engine interference
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~"was found. The interference was cleared by the installation of the

engine and its accessories, The aircraft interior levels were

- measured, and Figure F.3 shows the measured spectrum. Because the

interior levels were still high compared to normal aircraft (86.3
dBA instead of normal 83-85 dBa), additional treatments were
contemplated., An addition of 40 oz/sq yd leaded vinyl dgcreased
these levels to acceptable values, as shown in Figure F.4. The
placement of this additional vinyl sheet was finaliéed based on the
results from the program discussed in cChapter 6. The results from
the program indicated that the maximum gain in the noise reduction
would be achieved in this aircraft if this maferial is placed next
to the trim panel. wWith this mass é;eatment and additional
treatments (not known to the author) the aircraft was flown and the

results are shown in Figure F.5. The aircraft was delivered with

the levels of 90,7 dBL, 81.1 d4BA and 63.6 dB PSIL.
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Figure F.3: Measured Interior Spectrum after Tone Reduction
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