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Abstract

Advanced turboprop technology allows
propeller aircraft to reach cruise speeds compar-
able to current jet alrcraft yet with considerable
fuel savings. Due to the higher blade loading and
higher tip speed of these propellers, noise levels
of up to 150 dB are expected on the outside of the
fuselage in the propeller plane. In this study
the transmissibility of triple pane windows,
designed to provide 69 dB nolse transmission loss
at the blade propeller frequency of 164 Hz, was
experimentally investigated using insertion loss
and three-dimensional intensity techniques. A
modal analysis on the outer window panes was con-—
ducted te determine pane modal frequencies.
Coherence and phase relation of outer panes and
window frame were established to obtain double/
triple wall and lump mass resonance frequencies.
Nouble/triple wall resonances were found to
degrade the transmission loss of the two windows.
It was shown that, at the blade passage frequency
and the first twe overtones, the combinations of
window plus scratch shield provide less trans-—
mission loss than the average transmission loss of
the treated fuselape. Strong disagreement was
obtained between the experimental transmission
loss of this investigation and the theoreticat
predictions from another study.

Introductien

Advanced technologies in the areas of
aerodynamics, propulsion, structures, and produc—
tion methods are Incorporated in the design of the
Advanced Turboprop (ATP) aircraft. Forward speed
is designed to be comparable with jet aircraft,
yet up to 3% percent in fuel savings can be
reallized., The propeller design typically consists
of 8 to 12 highly loaded, swept blades In single
or counter—rotating configuration and is expected
ta generate higher exterior nolse levels than the
propeller design on curren aircraft. Analytical
and experimental studies " have shown that
acceptable cabin nolse levels for these advanced
turboprop aircraft can be achileved by using appro-
priate fuselage sidewall designs. For an
efficlent sidewall design, the window and support-
ing wall would need to have the same acoustic
transmission characteristics at the critical
turboprop frequencles.An analytical and paramecter
design study was performed Iin ref. 3 resulting in
two triple pane window configurations that would
provide 69 dB noise transmission loss at an esti-
mated fulil-scale blade passage f{requency of 164
Hz. This would reduce peak external surface sound
pressure level of 150 dB tc an acceptable 75 dBA
inside the cabin. Acoustic transmissibility of
aircraft type windowshhgs been addressed in
several publications, ~ ©but no experimental
data are avallable for the triple pane window
designs of ref. 3. The purpose of this paper is
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to report on a laboratory imvestigation of the
transmissibility of the two window configurations
as specified in ref, 3 and compare the experimen-
tal results with the transmission loss predictions
made {n that reference. The primary frequency
range of interest covers the one—third octave
bands 125 Hz = 630 Hz which include the blade
passage frequency and three harmonics. The
experimental transmission loss 1Is obtained using
insertion loss and three-dimensional iIntensity
techniques.

Window Designs

The aluminum frames of the window designs
measure 31.8 em by 39.4 ecm by 5.6 cm and contain
three 25.4 cm by 33 cm window panes with a trans-
parent area of 21.6 cm by 29.2 cm. A picture of
one of the windows is shown in fig. l. The
heaviest of the two windows is deslgnated Wipdow T
and has a total surface density of 51.7 kg/m®.

Two of the three panes are made of 0,94 c¢m thick
glass and separated by an airspace of 0.79 cm.

The third pane, made of acrylic for safety
consliderations, is 0.64 cm thick and is separated
from cne of the glass panes by a 2.54 c¢m airspace.
When the window 1s iInstalled, the acrylic pane
faces the Inside of the fuselage cahin., Window
11, with a surface density of 44.9 kg/m", has the
same configuratlon as Window I, except that the
glass pane In the middle is replaced by a 0,64 cm
thick pane while preserving the spacing with the
other glass pane. The panes are supported by
strips of elastomer kept In place with a contact
cement, Silicon rubber is used to secure the
windows In a 6.4 cm deep aluminum frame. A sketch
of the Window 1 configuration is shown in fig. 2.

Window Resonance Frequencies

System resonance frequenci{es can adversely
affect the transmission loss characteristics of
the triple pane window. For window designs like
the ones 1in the current Investigation five types
of rescnances are expected to occur

1) Tump mass resonances. The buik of the window,
including the frame, 1s resonating. The
boundary conditions, the way in which the
window 1is supported, determine the stiffness
and the damping of the system.

2) Single pane modal resonances. The vibrational
response of the pane is decomposed in mode
shapes with characteristic modal damping and
modal frequenciles.

3} Double and triple wall resonances. The fluid
In between the panes acts as a spring and the
vibration of two opposing panes are out of



4) Coincidence frequencies. The trace wavelength
of a forcing acoustic wave matches the free
flexural wavelength in the pane.

5) cCavity resonances. Half the acoustiec
wavelength matches the Interpane spacing.

Simple calculations showed that the latter two
types are well above the frequency range of
interest. To determine single pane modal
resonances, a modal analysis was performed by
obtaining transfer functlons between impulse
excitation by a force-gauge—equipped hammer and
the acceleration response of the pane at several
locations on the pane surface. The windows,
during these experiments, were supported by rubber
strips underneath the aluminum frame.

1t was assumed that at frequencies cleose to
the natural frequenecies of the pane, the Inertance
can be approximated to that of a single degree-of-
freedom (SDOF) system plus a constant off-set
term. For lightly damped structures the peak
response will occcur very close to its natural
frequency. The circular nature of a modulus/phase
polar plot (Nyquist plot) of the frequency
response function of a SDOF system allows extrac—
tion of the modal parameters by curve fitting a
cirele through a few data pelnts. These SDOF
curve fits provide enough accuracy for well
separated modes. The resulting modal frequenciles
and damping in the frequency range of Interest are
tabulated in Table I for the outer panes of
Windows 1 and II.

The modal frequencies of the three different
window panes were calculgted for simply supported
boundary condlitions with
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where t Is the thickness, m is the surface density
and a and £ are the width and the length of the
window panes {(Table I). The Young's modulus E and
Poilsson's raEaﬂ v Eor the acrylic pane were taken
as 0,31 * 10" N/m” and 0.4, respectively. For
the glas?opaneg, these material properties were
6.2 * 10 N/m” and 0.24, respectively.

Reagonable agreement 1s obtained between calcu-
lated and experimental values of the 1,2 and 2,1
modes of the acrylic pane and the fundamental mode
of the outer glass pane, This suggests that the
boundary conditions, where the panes are supported
as shown in fig. 2, are closely approximated by
simply supported. The inner glass pane was not
accessible for analysis. The 1,1 mode and 1,3
mode of the acrylic pane could not be obtained as
their respounse was obscured by other resonance
behavior which will be discussed next.

To obtain lump mass and double/triple wall
resonances, transfer functions in the form of Bode
diagrams were obtalned between normal acceleration
responses of the two outer panes and the window
frame. For that purpose accelerometers were
attached to the centers of the acrylic pane and
the glass pane and to one of the cormers of the
alupinum frame. Fig. 3 shows the relative
magnitude of a transfer function between the

response of an accelerometer in the center of the
acrylic pane of Window I and the input of an
impact hammer right next to it, This transfer
function exhibits dominant responses at 196 Hz and
516 Hz. Similarly, dominant relative magnitudes
were found at 183 Hz and 472 Hz for Window IT.
These resonances and their damping factors are
tabulated in Table I. Also in this table 1s the
range of calculated double wall frequencies for
combinations of two panes with the third pane
omitted. The response of these resonances was the
cause of not belng able to extract the modal para—
meters of the 1,1 and 1,3 modes of the acrylic
pane. To further investigate 1f these resonances
are of the double/triple wall type the coherence
between the acceleration signals was measured to
obtain a measure of their linear causality. Table
II shows that at 196 Hz (Window I} the coherence
between all combinations of the outer panes and
the frame was exactly one, Similarly, very high
coherence was found for these combinations at 516
Hz, The coherence at these frequencies was a
local maximum in all cases. Examination of the
phase relation between the acceleration of the
outer panes showed that at 196 Hz (Window I) the
acrylic pane and the outer glass pane move out of
phase, typlecal for a double wall type behavior.

At 516 Hz (Window I) the acrylic and the outer
pane move In phase, At both frequencies the frame
moves out of phase with the acrylic pane. To
ensure that these resonances were not caused by a
vibration of the entire window, since there 15 a
high coherence between combinations of the outer
pane and the frame, the rubber strips supporting
the window were removed. The changed boundary
conditions did not change any of the single pane
nor double/triple wall frequencies. However, the
change in support for the window did change the
previously found resonance at 65 Hz and shifted it
to 103 Hz., This suggests a lump mass resonance at
that frequency. Table II shows high coherence
between all combinations of outer panes and the
frame. It also shows that the frame and glass
move exactly in phase with a coherence of almost
one. The acrylic pane, however, shows local
minima In coherence with the glass pane and the
frame and has no specific phase relation (0, -180
or 180 degrees) with either one. This can easily
be explained by the fact that the calculated
resonance frequency (126 Hz) of the acrylic pane
is relatively close to the 103 Hz lump mass
resonance. The acyrlic pane apparently is
partially vibrating at 1ts own resonance while the
outer glass pane and the frame resonate as a lump
mass.

Finally, it is interesting to compare the
lump mass and double/triple wall behavior with a
single pane modal respense. The 2,1 mode of the
acrylic pane of Window I (384 Hz) shows almost
zero coherence with the glass pane, but very high
coherence with the frame (Table II). The frame,
with much lower resonance frequency, is more
eagily exclted {lower transmissibility) than the
outer glass pane which has a measured fundamental
resonance frequency of 557 Hz (Window I). The
acrylic pane and the frame move in phase while no
specific phase relation is observed between the
movement of the acrylic pane and the outer glass
pane.



Window Transmission Loss

Predictions

A theoretical parameter study was performed in
ref. 3 to establish specifications for acoustic
window designs for advanced turboprop powered
aircraft. The study was based on the approach
taken in ref. 13. The transmission loss was
calculated from the pressure ratlo across the
multi-layered configuration which can be expressed
in terms of the pressure ratlo acress the [adivi-
dual layers. This pressure rvatio can be
calculated if both the characteristic and termina-
tion Impedances of the layers are known. The
parametric studies were performed for normal sound
incidence conditions. Over 200 configurations for
a multiple pane design were analysed and the
designs of Window I and Window II were selected.
The predicted transmission losses of these window
designs with and without a scratch shield
installed are graphically depicted in fig. 4.
Indicated in this figure are the fundamental blade
frequency (164 Hz) and the second {328 Hz) and
third harmonic (492 Hz). The fourth harmonic (656
Hz), although not indicated in the figure, is
within the frequency region of interest. These
harmenics appear in the 160 Bz, 315 Hz, 500 1z and
630 Hz one~third octave bands, respectively.

Insertion Loss

Test Facllity.— Measurements were carrled out
in the NASA Langley Research Center Transmission
Loss Apparatus. The wall that separates the
recelving and source rooms was modified through
the addition of lead, concrete and other mass
treatment to provide an estimated 57 dB trans-
mission loss at 160 Hz, which is the equivalent of
a 30 cm thick concrete wall. To increase trans-
mission loss at higher frequencles one-foot-thick
foam blocks were inserted filling the space
between the walls of recelving and source rooms.
The background nelse in the recelving room was
measured to be less than 35 dB in each one-third
octave band In the frequency range of 125 Hz -
1000 Bz, 1In the opening between the two rooms a
8.9 cm thick particle board panel {1.22 m by 1.52
m) was Iinstalled to support elther one of the
window designs. The particle board ingert was of
much higher surface density (82.9 kg/m" ) than the
window desiguns exhiblting an inherently higher
transmission loss. Due to the size of the window
designs, the lay-out and size of the source and
receiving rooms, the frequency range of interest
and the expected high traunsmission loss of the
windows it was not possible to test these windows
according to the standard ofI&he American Society
of Testing Materials (ASTM). To minimize any
effect of flanking paths through the particle
board support panel the transmission loss was
determined by insertion loss measurements and the
highest incident sound pressure levels were
concentrated at the windows surface. For that
purpose a pneumatic horn was used with a sound
pressure level distribution on the source side as
depicted in fig., 5. The use of the horn provides
a way to simulate close to normal sound incidence
on the windows since the transmission loss predic-
tions in ref. 3 were made for those conditioms.
The exponential horn is 2.13 m long with a mouth
diameter of 0.61 m and a flare constant of 2,60
uwl. The horn is driven by low-pressure alr (40

psi) 1n combination with a white noise generator.
Its cut-off frequency is calculated to he at 71
Hz. The test set-up 1is depicted in fig. 6, The
mouth of the horn is located 0.5 cm From the
window surface.

Insertion Loss Measurements.— Insertion loss
of the window is defined as the difference between
the sound pressure level in the receiving room due
to a nolse source in the source room without and
with the window installed. The sound pressure
level In the receiving room was measured by a
opposite from the window. At that location all
room modes will have their highest sound pressure
amplitude., The sound pressure level at the
receiver mlerophone, measured without the panel
installed, includes any flanking through the
particle board structure, room modes and absorb-
tion in the receiver room and directivity of the
noise source. When the panel is installed the
sound pressure level at the recelver microphone
includes all these effects plus the effect of
sound blocked by the window. The 1insertion loss
1s thus a measure of how much sound fs transmitted
through the window. A measure of the sound ineci-
dent on the window was represented by the sound
pressure level at the location of the window,
without the window installed. The ratio of this
"incidence" sound pressure level and the insertion
loss 1s then an approximation of the ratio of
incident and transmitted power, which {s the
definftion of transmission loss. To verify the
validity of these assumptions, a thin acrylic
panel with a surface density of 3.78 kg/m" was
installed onto the suppert panel and separated by
a thin layer of silicone rubber to simulate simply
supported boundary conditions. Transmission loss
obtained from the measured insertion loss and the
"inctdent" pressure of this panet {s compared with
calculated transmission loss for normal sound
incidence. 1In the higher frequency region, where
its behavior is governed by itfomass m this trans-
mission loss is represented by

- wm 2

R 10 log [1 + (332) ] (23
As shown in fig. 7, above the 200 Hz one-third
octave band the measured transmission loss falls
in between the calculated transmission loss for
normal and field incidence of the incoming sound.
For values over 12 dB, the normal Iincidence mass
law is 5 dB higher than the field incidence mass
law. This suggests that the transmission loss,
approximated by measured insertion loss and
"incident" pressure 1s comparable with the
expected theoretical transmission loss. Using
this procedure the transmission loss of the two
window designs was determined and compared with
their respective normal incident mass laws in
fig. 7. At the one-third octave band center
frequencies of 200 Hz and 500 Hz the transmission
loss is considerably lower than expected from mass
law hehavior. As discussed in the previous
section double/triple wall resonances degrade the
transmission loss properties of the two windows at
196 liz and 516 Hz. Other resonances occuring in
the frequency range of Interest do not strongly
affect the transmission loss. As shown in Table
3 for the blade passage frequency and three
overtones, these measured transmission loss values
do not compare very well with predicted values
from ref, 3.



Intensity

Test Facility and Eguipment.— For the
intensity measurements each of the windows was
instatled in a 1.22 m by 1.52 m fuselage sidewall
panel. A mounting was designed and installed in
the fuselage panel to accommodate each of the
windows. The sidewall panel consists of a 0.114
em thick aluminum skin reinforced by four 15.2 cm
high frames with a spacing of 48.3 cm and eight
3.42 om high stringers with a spacing of 15.2 cm.
These stiffeners divide the fuselage panel into
twenty~one equal bay areas. The fuselage panel
was tested with and without a trim treatment
installed. The treatment consists of a 0.93 cnm
thick visco—elastic layer attached to the skin and
a 7.62 em thick layer of fiberglass supported by a
trim panel, separated by an air gap of 6.65 cm
(fig. 8). The viﬁco—elastic layer has a surface
mass of 13.1 kg/m” and consists of a 0.2% em thick
loaded urethane elastomer bonded to 0.64 cm thick
rubber. The trim panel is a combination of a (.64
cm thick plexiglass panel adhered to a high
strength-to—weight sandwich panel with laminated
fiberglass facings and a core of blended plastic
resins. 1In this configuratfon the treatment
behind the window has been removed and replaced by
a transparent .25 ecm thick acrylic scratch shield
attached to the trim pamel leaving a spacing of
9,47 em. The trim panel is decoupled from the
window and sidewall to prevent structural flanking
paths.

The intensity measurements were accomnplished
with a specially constructed four-microphone probe
to obtain the intensity vector in three-dimen-
sional space. The distance between the microphone
centers was 50 em, which was choosen to minimize
errors that are due to residual phase and cross-
channel phase differences in the frequency range
of interest. The probe and its orientation with
respect to the panel is depicted in fig. 9, where
the positive x—axis 1s perpendicular to the back
of the fuselage panel. The positive y-axls is
pointing up while the z-axis is in horizontal
direction and both the y—axis and z-axis are in
the plane of the fuselage skin panel.

Intensity Measurements.— The gound iIntensity
is a vector quantity which describes the amount
and direction of net flow of acoustic energy at a
given position, In a medium without mean flow,
the intensity vector equals the time averaged
product of the instantaneous pressure and the
corresponding Instantaneous particle velocity at
the same position

1 =p(t) * u(t) (3)

If the separation distance, & r, is fTall compared
with the wavelength, it can be shown = that the
intensity vector component in the directfon r can
be calculated from

1
Ir == 2pKr (pA + PB) f (pB - pA) dt (4

needing only sound pressure level measurements
from two microphones. This quantityzlr is
referenced to an iIntensity of 1 pW/m . The
measured Intensity Is corrected by a phase compen—
sation function for the cross—channel phase

difference that is observed In the system when the
same sfignal {s Input into both channels of a

pair. Computation of this phase compensation
function is based on the principle that two
identical signals should produce intensity
functions with zero relative phase difference.

For this purpose the four microphones of the
intensity probe were mounted into pre-drilled
holes in the pneumatic horn at equal distance from
the source and as close together as possible
without touching. Phase compensation functions
for each channel pair were calculated from the
imaginary and real part of the ecross spectrum

Im GAB

Ad = arec tan ———— (5)
Re GAB

No changes were made In the system after this
calibration procedure. The accuracy of the
computed intensity is affected by a residual phase
error at 0 Hz, while low and high frequency
limitations are related to the 50 cm inter—
microphone—-spacing of the probe. 1In the frequency
range of interest the estimated error is less thaun
1 dB, To aid in data acquisition, data processing
and data management a Computer Aided Test (CAT)
system was used. Intensity measurements were con-—
ducted on both sides of the fuselage panel at the
center of each of the 21 bay areas confined by
bordering stiffeners. At the window location an
additional four measurements were taken near the
corners of the window to provide more accuracy and
detail in that area. On the source side of the
fuselage panel measurements were conducted 2.54 cm
from the skin surface. At the receiving side
measurements took place in a plane at 0.5 cm from
the back pane of the window and, when the trim was
installed, in a plane 0.5 cm away from the
transparent acrylie scratch panel. Intensity
vectors at some measurement locations on the
receliving side of the fuselage panel, with Window
1 installed, are graphically shown In fig. 10.

The Reactivity Index12 1s a measurement of
the normalized random error in the measurements
and is defined as the difference in Intensity
level Ly and sound pregsure level Lp. It is
related to the wave number k, the actual phase ¢
and the microphone spacing Ar by

LKsLI-LP=—-IOlog-‘57:—r (6)

The Reactivity Index has been measured at the 25
measuring locations and 1s distributed over the
fuselage panel as depicted in fig. 1l. The data
within the outer measurement locations Is inter—
polated and no data is avallable outside this
area. The box around the data in fig. 11 repre-
sents the outer dimenslons of the fuselage panel.
Highest Reactivity Index is a little over -7 dB.
This means that the normalized random error in
each one-third octave band between 160 Hz and 1250
Hz (68 percent confidence Interval) is less than 1
dB for a phase mism?fch of 0.3 degrees and a 50 mm
microphone spacing.

To valldate the three-dimensional intensity
vector method the experimental transmission loss
of a thin acrylic panel with a surface density of
3.78 kg/m" 1s again compared with its field
incident theoretical mass law in fig. 12, Except



Tor the 180 Az  and 250 Hz one- third ‘sotave bands
good agreem‘nt was obtained in the frequency range
of interést. Tt has to be' noted that these
experimental Valués are low (up to 5 dB lower) if
they would be ‘compared’ with the theoretical normal
mass law. Also shown in fig. 14 is the experimen-
tal transmisston loqs for Windows T and I1 using
the intensity vector method. Preference was glven
to'the three dimenqionat {ntensity method, rather
than the' normal component of thL Intensity,
becauge oﬁ the directtonaltty of the source and
the complex{ty ‘af the window desfgns and the
treatéd sidewall. 1In a thin homogeneous material
the impedance change does not substantially affect
the directivity of the sound. The incident
intensity vector and the transmitted vector have
the same direction and thelr ratio Is the same as
the ratie of their normal components. For the
tripte pane window the angle of the transmitted
vector Is different due to impedance changes
through’ the triple pane window and the treated
sidewall, Hence the’ three dimenﬁional intensicy
vector is more realist{c. In addition the

Ured transm{tted sound is not only comlng from
oWé' palnt on the structure, but’ rather from
several different sources on the’ panel. The
fnclusion of more sources smoothes out the trans-
wlgslon’ Toss® cbrves. A comparison between the
three~dimenq{onal vector fhtensity and its normal
component ‘s shown in fig. 13 for MNindow 1. The
normal component tntensity ‘transmission loss is
showlng again the effects of double/triple wali
resonances in the 200 Wz and 500 Hz one-third
octave bands measuring only contributions perpen-
dicular to the window. As other sources
contribute {reflections off the inside of the
window frame, etc.) the relative effect of window
reqonances iq reduced for the” three dimension11
tntensity ransmiqsion 1oss.l__"

In"Fig? 147 the” transmi sion 1 ss obtained
with thé veetor intensity method is compared with
the triansmiséion 1o5s obtalned with the insert!on
loss method. Reasonable agreement ls obtained
(within 47d8) for the frequéndy régfon of interest
(125 Hz - 630 Hz).” After installation‘of the trim
the tranqmtssion Tos Gas measured ‘for the window
designs I and 1T with 'the trim Scratch shield in
place on the trim panel {fig. 15), This data is
compared with the average transmission loss of the
treated sidewall. Table IV shows that the window
plus the scratch shield exhibits up to 18-19 dB
more transmission loss at the higher frequencies
(1000 Hz). This Increase 1s not only due to the
addéd tfansmission 1oss but also due to absorption
by the Fiberglass In’ the cavity between the trim
pangl and the fuselaye skin. At the blade passage
frequency and two overtones the transmtssioﬂ loss
of Windows T and TI plis Scratch shields are less
than the’ average of the treated sidewall In
figs. 16 and 17 the transmisqlon Toss of the fuse-
lage panel s depicted at’ the blade passage
frequency and three overtones with respectively
Window I and Window installed. ‘It was
conciuded that™ the Windows,” compared to the
tréated fusélage panel cause an acoustic leak.
Finally, the measured transmission ‘losé for
Windows I and II, using the vector intensity
method, 15 compared with the predicted data from
ref. 3 in figs. 187and 19. “At the Blade passage
frequency (164 Hz) measured” data’ arée some 50 dB

[§11

.-.-,.n »\
Lower than predicted. Comparisen of the data for

the window with the trim panél (scratch shield)
installed is of similar disagreement-‘ A RT A

NJ=~ O i1
Conclusions

“
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Experimental transmission loss was obtained
for the window designs for ref. 3, with and with-
out a scratch shield, using vector intensity and
insertion loss techniques. When ‘compared,
experimental methods showed reasonable agreemert.
Both methods agreed favorably with theoretical
predictiens for a thin acrylic panel, that is
believed to behave according to mass law in the
frequency region of interest. It was shown that
the window designs plus the scratch shields pro-
vide less transmission loss than the average
transmission loss of the treated fuselage at the
hlade passage frequency and the first two
overtones., Double/triple wall resonances were

shown to degrade the transmisison loss character—

istics of the two windows in the 200 Hz and 500 Hz
one—third octave bands. With the treatment' and
scratch shield installed the degradation in trans-
mission loss at these frequencles was partially
relleved. Strong disagreement was obtained
between experimental transmission less of the two
window designs, with and without scratch shield
and fuselage treatment, when compared with
theoretical predictlions made in ref. 3.
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TABLE I. CALCULATED AND MEASURED WINDOW RESONANCE FREQUENCIES

Calculated Experimental
(Simply Supported} .. Window I Window TI
Resonance System Thickness HMode Fraquency ?tequenéy Danping Frequency Damping
[em] _ [Bz] [Hz] Factor (Hz] Factor
Single acrylic 0.64 1,1 126 ——— ——- - —-—
Pane 1,2 266 283 0.0243 261 0.0154
2,1 363 384 0.0149 379 0.0129
1,3 500 - e - —-
glass 0.94 1,1 558 557 0.0273 585 0.0154
0.64 1,1 380
Double/ acrylic/ 128-226% 196 0.0252 183 0.0238
triple glass/ 516 0.0160 472 0.0309
wall glass
Lump mass glass/frame 65 0.0604 69 0.1129
{103)

* Range of frequencies for double wall resonances

TABLE II. COMERENCE AND PHASE RELATION BETWEEN RESONANCE ACCELERATION OUTPUT
FROM THE OUTER PANES AND THE FRAME OF WINDOW I.

Coherence ' Phase Difference (Deg)
Frequency:(Hz) o Freguency (Hz)

103 196 384 516 103 196 384 516
Acrylic - Glass 0,87 (=)  1.00 (4+) 0.03 (=) 0,98 {+) " =180 - 0
Frame - Glass 0.98 (+) 1.00 (+} 0,03 (~) 0.98 (4) 0 ) ) -180
Frame — Acrylic 0,80 (=)  1.00 {+)  0.97 {(+)  0.957(+) " 180 0 180
(+) denotes maximum
(-} denotes minimum .
~ other than 0, -180 or 180 degrees =~ o st WOLEAW WL LS4



TABLE ITI. COMPARISON OF TRANSMISSION LOSS DATA (dB) AT THE ATP BLADE
PASSACE PREQUEMCY AND ITS FIRST THREY OVERTOWES

Structure One-Third Octave Band Center Frequency (Hz)
160 315 500 630
Window I  Measured 28.2 38.7 35.0 43,7
Predicted 33 80 19 68
(ref. 3)
Window II Measured 26.3 39.6 33.9 38.4
Predicted 73 n 63 67
{ref. 3)

TARLE IV. COMPARISON OF TRANSMISSION LOSS DATA (dB) AT BLADE
PASSAGE FREQUENCY AND THREE OVERTONES

Structure One—Third Octave Band Center Frequency (Hz)
160 315 500 630
Treated Panel 34.2 51.8 60.8 58.3
(averaged)
Window I 26.7 34.2 39.6 43.4
Window IX 23.8 32.9 36.2 43.6
With Windew 1 31.6 49.8 57.2 61.9
Scratch
Shield Window IT 28.7 48.4 53.8 62.1

Fig. 1. Window design for the Advanced
Turboprop aircraft.



0.64% ¢m thick aocrylic pone

2,21 cm spacing Ilicen
rubber :
f—EMSmmw /éioﬁucmthmkglmspom Relative
// Magnitude
\‘\ 1 I I ! | J
=1 \ ==
\0.79 spoctng st 0 100 200 300 400 500 600
0.94 cm thilck glass pane frame Freqguency {(Hz}
Fig. 2. Lengthwise cross-section of Window L. Fig. 3. Relative magnitude of transfer function

between hammer impulse excitation and
accelerometer response in center of
Window I acrylic outer pane.

Third **
Fundamental  harmonic
130 ~ Second
harmonle
120 I
FLouitn
110 I }scrntcn
shield
Transmigsion 100
loss (0Bl 30
80
70
60 L
125 250 500 1400
1/3 octave bang center frequency 1Hz) L ]
117 118 119 120 (dB)
Fig. 4. Transmission loss predicted for triple- Fig. 5. Sound pressure level distribution on
pane window designs (ref. 1) source side of fuselage panel,

N—0 Window 1

~~~~~ Window L (normol moss low)
O——0 wWindow I

—-— Window T <{normal moss iogw}
O——0 Single pane

80 ——- Single pune (normal mass low)
Receiving Coom 5 Source toom Single pane (field mass law)
. 50 - ‘,;=:=”;'
{ Pneumatic uo =N
horn . (551
; ronsmission
Test specimen [:]::1::ﬁi12::: : jose [dm) 30
10
O b— v o ey )
1 meter 125 250 500 1000

1/3 octove bond center frequency [Hz)
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Fig. 9. Four microphone intensity probe with
related Cartesian co-ordinate system.
Fig. 8. Cross-section of fuselage sidewall
construction with acoustic treatment
installed.
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Fig. 16. Transmission loss distribution on treated fuselage panel with Window I installed,
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Fig. 17. Transmission loss distribution on treated fuselage panel with Window II installed,
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