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ARSTRACT

The purpcse of this investiigation was to determine the
contribution ¢f the air-courled vibrational energy tc the
overall energy emanating from an enclosed vibrating source.
A vibration sowrce susperded in a steel tank was used to
simuiate a noisy machine mounted within an enclosed chamber.

The vibration exciter or driver was suspended in the
tank In three ways: by a solid steel connection, by a
resilient mounting. «nc bv a wire,

NSCTa Ginge wWeie mads of the sounn -rrensity outside
the tank as the wvibration exciter was driven over the

freguency range of 60 to 7000 cvecles per second (cps). To

eliminate the air-coupled energy the tank was evacuated arnd

It was found that: (. ‘ias air-porne vibrations wers

too low in irteomcite 4o aff=~t the decibel {(db) readings

czuzzd by the structure-beine vibrations when the exciter
was mounted soulidly tc tho sieel tank. (2} The resilient

mountiing greatily attenuated the structure-borne vibratiors.
Using ths r=zilient connection, the air-borne vibrations
had little effect cn ii:. __ructure-borne vibrations over a

frequency rangs up ts 2000 wus but f

S

rom 2000 to 7000 eps,

..e-
Ul
2
[$)]
[
]
{
}

Tne alr-porne vipra cwand oot aised the
decibel level. This shows that air-borne vibrations are
significant in the high freguencw range. (3) Using the

resilisnt mounting or the wire snspenzion connections the

resilient mounting did not uitenunate structure-borne
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vibrations above 2000 cps as one would normally expect using
basic vibration theory. (4) At frequencies below 15C cps
the ambient ncise masks signals from the test tank so no
conclusion can be made in this frequency range.

Rlthough the apparatus for these tests was not designed
to simulste a submerged submarine, important cbservations
were made which bear further study and evaluation: (a) A
solidly connected vibrating source produced thke most noise
outside the test tank and the air-borne vibrations within

the tank did not contribute to ths noise radiating from it.

tn

(b) A resilient mounting was effective in decreasing the

nois iating from ilhe lesi tank cver ine I requency

L
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range 60 to 7000 cps; however, at high frequencies above
2000 cps the air-borne vibrations tend to by-pass the
resilient mounting and raise the nocise level radiating from
the tank. {c) The resilient mounting appeared to lose its
isclation effectiveness in the high frequency range.
Elthough this study is being continued by Illinois
Institute of Technology, the findings outlined herein
should be correlated with results from other laboratorias.

This may lead to important contributions in naval design

for 2 nuiet oparating submarine
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Background

Recent resilient mounting research has resulted in
extending the theory of vibration and noise isolation.
Investigators have detected wave effects in mountings and

established methods to predict their characteristics |

[l
2, 3]1. The effects of a nonrigid or ”“live” foundation
have been investigated theoretica'!ly and experimentally

{4. 5] to determine the effect of foundation resilience on
the transmission characteristics or 1solation effectiveness
of a resilient mounted vibrating system.

During a study of the vibration and sound transmission
characteristics of resilient mountings an interesting phe-
nomena =3s cbserved. At certain frequencies the apparent
sound transmission through the mount:ng incre.ased itremen-

dousiy., rurther investigation showzy tlie transmission was

~
Q

not through the mounting but through the z:r surrounding
the mounting. This observation led to the present work and
this 1eport.
Scope

It is felt that air-borne transmission of sound around

a mounting instead of through it might occur in actual fiela
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mountings in certain asoplications. This effect is of par-
ticular interest to the Navy in their program of aoise

reduction as & weans of reducing the possibility of enemy

Ii\lu.mbers in brackets refer to the bibliography.
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detection. The
contribution of
emanatecd from a

report.

experimental methods used to determine the
this air-borne enercy to the total erergy

vibration source are described in this
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II. DISCUSGION OF PROBLEM

Importance of Air-Borne Vibrations

Inqueries and a search of the literature revealed a
wide difference of opinion as to the importance of the con-
tribution of air-borne vibrations within a ship or submarine
hull o the overall noise emanating from such a hull. On
one hand the acoustics people claimed that the impedance
mismatch occurring between the air chamber within a submar-
ine and the water surrounding it is so higii the! it may be
neglected. On the other hand, reports from submarine men
indicated that under some cnonditions voices have been heard

frcm one submerged vessel to ancther.

Sound Attenuation

3

The ratio of reflected to incident socund intensity at

the boundary between two different media is given by

T A \\2
“_ 3 L c
— - F o o«
Y s/rl 4 Pg =y
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is the reflected intensity

=t
L4

whnere

I, is the incident intensity

-

g 18 the deasitv of the mediun

¢ 1s the velocity of sound in the medium

and the subscripts refer to the media.

1f we consider steel and waeter as the two media, a
ratio of 0.86 is obtained, 14 per cent being transmitted.

This is eguivalent to a decibel loss of about 18.7 db.
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Considering steel and air as the media gives a ratio c¢f

C.99%9€ or a transmission of 0,004 per cent, A loss cf 88 db.

h
pecple, since a single steel panel between a noise source
and water or air would have an attenuation in excess of
100 db. However, depending upon the damping of the panel,
a resonant condition of the panel will reduce the attenua-
tion. A submarine is a complex structure which has many
air chambers and structural members capable of supporting
a resonant condition.

Importance of this Study

The ewnevimental results remorted here are not intended

to be taken as represeniative of the spectra obtained from
any piece of eguipment in a submarine, but merely as those
obtained frow ithe particular avraratus used., The purpose
ot these tests is to indicate the amount of air-coupled
energy that can by-pass a resilient mounting and appear

outside the containing structure.

Y38

hese results would lead one to agree with the acoustic
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III. EXPERIMENTAL APPARATUS AND PROCEDURE

General Description of Apparatus

An apparatus was assembled to evaluate this problem by
determining the noise level outside a test tank in which a
ncise and vibration source is mounted. Rather than use a
machine with its limited fregquency spectrum as the energy
source, an electromagnetic vibraticn exciter was used for
excitation at anv desired freauency. The methed of elim-
inating cir-korne vibratioans through the use of a vacuum
lends itself to this problem. The socund and vibration
exciter was suspended, in various manners. in the tank and
records taken of the sound oressure outside the tark as the
exciter was driven through the audic freguency range poth
with and without air in the tank. The exciter was mounted
tc the diaphragm top or the tank in two ways: first, sclidly
connected by means of a steel shaft, and second, by a resili-
ent mounting. In addition it was suspended in the tank on
a wire which was supported external to the tank. The wire
was isolated mechanically and electrically from the tank
and exciter. The position of the exciter within the tank
was maintained constant for all methods of suspension. The
tank and methods of suspension are shown in Fig. 1 and Fig.
Z.

Detailed Description cf Test Setup

The apparatus used in shown schematically in Fig. 3.
The microphone, tank, accelerometer and its cathode fel-

lower are shown within the anechoic room at the upper

S

el
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Pig. 1 Section Through Steel Tank
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right, the rest of the instruments being external to the
room for ease of operation.

The microphone, external to the tank, is used to detect
the socund energy emanating from the tank. This sound was
made up of the structure-borne and air-borne energy within
the tank. Evacuating the tank attenuates the air-borne
cont-ibution and allows its effect to be noted. The tank
is approximately twc feet high and one foct in diameter
with 3/8-inch walls ard a 1/2-inch thick bottom. The tank
top or diaphragm which supports the exciter is 1/8-inch
thick. Provisions were made to support the exciter within
the tank in three ways: (1) e0lidly connected tn the Adia-
phragm, (2) connected to the diaphragm through a resilient
mounting, acting as the load for the mounting, and (3]
isolated electrically and mechanically from the tank and
diaphragm by a wire.

The solid connection allows readings to be taken which
indicate the greatest energy which will leave the tank dur-
ing these tests. Upon evacuating the tank the readings
will indicate the structure-borne energy only.

The resilient mounting connection allows evaluation
of the amount of energy by-passing the mounting, the dif-
ference hetween the readings observed with and without air
in the tank being the object of these tests.

The third connection, with the exciter isolated from
the tank, eliminated all structure-borne paths end allowed

readings of the air-borne energy only. Readings with the
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tank evacuated show the degree cf success in mechanically
ard electrically isolsting the systea within the tank.

R Massa Model 117 ADP crystal accelerometer was mounted
to the exciter to monitor the motion of the exciter.

Experimental Techniques

An early experimental technique consisted of driving
the exciter through the desired freguency rarge simultane-
ously recording the wid-‘'band output of the micrcphone and
accelerometer with the twin channel recorder. As might )=
expected, both signals varied considerably, the forty deci-
bel range of the recorder was exceeded by bcth signals.
These varialions were attripbuted Te the variation 1in impe-
dance with frequency of the mechanical items in the system.
At some frequencies the sound output of the tank was very

cw, ¢ low it was in the noise level of the room, while at
other freguencies, recsonant freguencies of the air chamber
or of some mechanical part, the recorded amplitude would
exceed the range of the recorder. These variations made
comparisons of the recordings of the varicus setups almost
impossible. Therefore, it was decided tc uss some sort

of control circuit to maintain a constant signal output
from the accelerometer Saveral electren
tried and discarded. Finally a method incorporating the |
racorder servo system, as used by Sykes and Harrison [3

was attempted and found satisfactory. Typical acceleration

response curves are shown in Fig. 12, page 33. Oince

control hacd to be maintained at a level equal to or lower
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than the lowest acceleration possible tc obtain from the
exciter in the frecuency range used, it became necessary to
use a narrow band analyzer to detect the desired signal and
reject the unwanted noise of the test cell.

A Hewleti-Packard Model 300A harmonic analyzer was
obtained for this use. To mechanically synchronize an
oscillator with the Hewlett-Packard analvzer over th:
desired frequency range was almost impossible. Instead the
analyzer oscillator was tapped and the voltage brought out
to an external modulator where it was mixsd with a fixed
freguency voltage to obtain the desired driving freguency

wrm ) v B Slus  wnmeesnge e ) K mOTT .. 4z R} Y T e~ e
viaitayce

ge¢ for the power ampl..ier. & Hewlett-Packard 202B
oscillator operated at 20 kc was used as the fixed oscilla-
tor. Undesired modulation products were aittenuated by means
of a filter.

The output of the filter was fed to the control circuit
in the Sound Apparatus TFR recorder which operates as iol-
lows: The amplified accelerometer signal was fed to the
amplifier and servo system of the recorder as shown in Fig.
4., The circuit was arranged so the servo =v fem would move
the potentiometer contact in a direction to i:aintain a con-

ation of

ot

stant signal at the accelercmeter output. Osecil
the entire network was damped by the TFR amplifier. The
controlled signal was fed to the power amplifier which sup-
plied energy tc the exciter. The power amplifier was a
“Williamson” type, employing a negative feedback lcor from
the outpurt to the input stage resulting in a low output

impedance.
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Two transducers were used in the system, the previously
menticned Massa accelerometer and an Altec Model 21-B con-
denser type microphone. The output of the accelerometer was
fed from its cathode follower pre-amplifier to a Ballantine
decade amplifier and thence to the control system and also
to the analyzer when desired. The microphone¢ output was fed
from its pre-amplifier to the calibrated amplifier. This
anplifier supplies, depending upon the positions of its
range switches, a signal of one volt (rms) for sound levels
of 60, 80, 100 or 120 decibels (referred to 0.0002 dynes per
square centimeter) at the microphone. The calibrated ampli-
fier ontput was fed directly to the Hewlett-Packard analyzer.

Procedure in Recording Data

Microphone position in the test rocm was not found to
be critical. During these tests the microphone position was
maintained constant, two feet above and one foot off center
cf the tank diaphragm.

The steps used in recording the data were as follows:
l. Set up appropriate tank conditions, constant bolt torqus.
2. Connect cables and allow electronic instruments to warm
up.

3. Check gain, align frequency scale and balance the
analyzer.

4, *"Zero beat” fixed oscillator with the analyzer oscil-
lator.

5. OStart automatic recording.

Several recordings were made for each set of tank
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conditions: (1) analyzed microphone signal (2) wideband
microphicne signal (3) analyzed accelerometer signal, and
(4) wideband accelerometer signal.

Two sets of recordings were made, first with air in
the tank and second with the tank evacuvated. In most cases
two sets of recordings were made in order to ccver the full
dynamic range required since tie 40 db dynamic range of the
recorder was not grest enough. In all tests care was taken

so as not to overload the instruments.




IV. TEST RESULTS
Sourc pressure readings covering the frequency range
from 60 to 150 cps are not considered accurate cdue to the
wideband width used which passed low frequency sigmals from
the building structure and any unbalance of the modulstor
in the analyzer, see Fig. il. Therefore, in looking at the
curves this fregquency range should be disregarded.

Exciter Solidly Connected to Diaphragm

Ths purpose of solidly connescting the exciter directly
to the diaphragm of the tank was to insure maximum trans-
mission of structure-borne vibrations, see Fig. 2. Fig. 6
shows the response with air in the tank and with the tank
evacuated. 7The solid curve represents readings with air,
and the dotted curve represents readings in a vacuum. It
can be sesn that botlh curves are very much alike with one
superimposed upon the other. The curves show that similar
frequency componernts are present for both the air-filled
and the evacuated tank. With the tank evacuated several
discrete frequencies are shifted sligh¢ly to the right of
those for air. This may be attributed to the change in
diaphragm stiffness when the tank is evacuated and to the
damping introduced by a:. in the tank.

Fig. 6 clearly indicates that the air-borne vibratiomns
did not materially raise the decibel level cof the sound
emanating from the tank. However, this does nof mean that
the air-borne vibrations were not present. Referring to

the test tank, if a discrete frequency peak shows a 52 db

15
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reading in air as well as in vacuum, it does not mean that

st:; 4

3

v fact, an air-ovorne

(&N

an air-borne vibration does not ex

>

42 dp and still

la )

vibration could be present having a level o
not influence the reading of a 52 db structure-borne vibra-
tion.

Exciter Connected to Diaphragm Through & Resilient Mounting

The purpese of connecting the exciter to the diaphragm
through a resilient mounting was to check the effectiveness
of a mounting in reducing the noise level and o see whether
the air-borne vibrations within the tank were effective in
raising the noise level caused by the structure-borne vibra-
tions. Fig. 7 shows the response wnen the exciter is iso-
lated from the tank diaphragm by m=zans of a resilient
mounting, Lord 204PH35, see Fig. 2. The sclid line is for
air and the dotted line is for vacuum. The transmissibility
for this mounting is shown in Fig. 10. Referring to Fig. 7
it can be seen that the frequency peaks have shifted slightly
to the left of those in air. Again this may be attributed
to the change in diaphragm stiffness when the tank is
evacuated and to the dampirg introduced by air in the tank.
It can be seen that in most instances from 150 to 3000 cps
the readings with air were about the same as those with a
vacvum. However, in the frequency range above 3000 cps the
readings with an air-filled tank were greater than those
with a vacuum, showing that the air-borne vibrations within
the tank supplemented the structure-borne vibrations to give

a reading greater *than the structure-borne vibrations alone.
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Two questions naturally arise: (1) Why did the air-borne
vibrations not add to the structure-borre vibrations to give
greater readings when using the rigid connection (Fig. 6)?
(2) Why did the air-borne vibrations not supplement those
in air for the resilient suspension over the frequency ranges
of 150 to 3000 cps (Fig. 7)1

The answer to the first question was given on page 1935
and may be summed up as follows: When two sounds exist
simultanecusly and one is at least i0 db below the other,
the lower scund pressure +vill not add to the higher to give
an increase in the reading. Apparently the sound pressure
level in air was about 10 db below or lower than the
structure-borne vibrations thus indicating very little
difference between the readings in air compared to those in
vacuum.,

The second question may be answered as follows: At
low frequencies the wave lengths are large. Since the
component parts of the driver are small they are not effi-
cient in radiating the low fregquency sound. As the fre-
guency increases the wave lengths become smaller and ths
component parts become more efficient radiators of socund.
The air-borne & ound pressure level {decibel) rises and
becomes great enough to raise tne sound pressure level out-
side the tank above that caused by the structure-borne
vibrations alone. Thus, when the air-borne vikbrations are
eliminated by the vacuum, the decibel levels drop below

those witl: air. Therefore, the high frequency readings
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above 3000 cps show that sound enerdy is by-passing the
resilient mounting to give greater values with air than with
a vacuum.

It is interesting to note that with the resilient
mounting the attenuatiocn of frequencies above 300 cps
decreased. This can be explained by looking at the trans-
missibility curve, Fig. 10, It will be roted that at
approximately eight hundred cycles per second this curve
deviates from that expected by basic theory. At this point
the isolator begins to lcse its efficiency. Resonant peaks
in the high frequency range are not attenuated to the
extent one would normally expect. More will be said about
discrete frequencies and transmissinility later on in this
discussion.

Fig. 89 shows readings taken with air in the tank both
for the rigid suspension and the resilient suspension. The
solid line is for a rigid connection in air and the dashed
line is for a resilient connection in air. The attenuation
obtained by use of a resilient mounting is clearly shown.
The attenuaticn varies but is as much as 40 db for some
frequencies. The decrease in attenuaticn at the higher
frequencies can be attributed to several factors: air-
coupled energy by-passing the resilient mount, amplifi-
cation due to resonances in the *ank parts, and loss of
isolation in the resilient mounting due to wave phenomena.

Excitzr Susperided in Tan): with Wire and Resilient Mountings

The driver was suspended in the test tank by means of
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resilient mountings and a single strand of steel wire, csee

Fig. 2.

The purpose of this type of suspension was to eliminate,

as far as possible, all structure-borne vibrations from the
tank. Theoretically, the ohly sound waves emanating from
the tank should be air-borne when the tank is filled with
air. When the tank is evacuvated, the microphone should
indicate onlyv the noise level in the rocnm.

An examination of Fig. 8 shows that the sound pressure
level was higher with air in the tank than with a vacuum.,
Due to an error in procedure no air-borne vibration data
were taken below the 20 db level. As mentioned before, the
moving parts of the exciter were small. Therefore, their
effectiveness in coupling energy to air was slight at low
frequencies and became greater in the freguency range above
2000 cps.,

Fig. 8 shows that the vacuum was effective in elimin-
ating the air-bcrne vibrations. At low frequencies the
dotted curv~ representing the evacuated condition fullows
the noise level of the test cell, see Fig. 10. Although
the noise level is below 20 db in the freguency range above

2000 cps, there is an increase in the sound pressure level.

-+

[
ede

1nl1s may be explaineu by loosking at the transmissibi v
curve for the resilient mountings used, see Fig. 10. The
transmissibility curve shows that these mounts will pass
certain high frequenci:s. Thus, ocne is lead to the cornclu-

sion that many of the high frequencies were passed with
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enough energy io vibrate the supporting wire and other
structural members to give a sound level rise above 2C0C

cps. This is true for both air and vacuum.

20
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/. FRECUENCY ANALYSIS

It must be emphasized that it was not the purpose of
this study to identify the discrete freguencies found with
the use of the analyzer, but instead, to ckserve the over-
all frequency spectra and note the effect of air-bcrne and
structure-borne vibrations with and withocut the use of a
resilient mounting.

A frequency analysis of the data beccmes very diffi-
cult. The test tank with the driver mounted t¢c a2 1/8 inch
steel diaphragm forms a complex vibrating system with many
modes of vibration, see Tig., 1. Intrcduction of a resili-
ent mounting and vacuum further complicates this already
complex system. Many calculations can be made to predict
some frequencies that may be expected in this system and
one could spend considerable time making & mathematical
analysis to attempt to identify discrete frequencies
actually obtained with tne analyzer. Althouch it is felt
that such a mathematical analysis is not justifie-, one
would be remiss if a brief analysis of the frequency spec-
tra were not made,

Air Column Frequeancy of the Tank

One would expeci to find a fundamental air column fre-
guency cof the tank. Clusidering (i Lank as a ciosea tube,

one might nredict the 2ir column vibrations by [8]

f = nc/2L (1)

21
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where

rh
n

frequency, cps

n = nmode of vibration or harmonic

c velocity ot sound in air, fps

L length of tube, feet

Using this formula one obtains %290 cps for the funda-
mental frequency. A close examination of the tank shows
that the driver actually takes up a considerable volume,
Fig. 1, forming several air chambers and now one would
expect the 280 cps value to be high. This is substantiated
by Figs. 6, 7, and 8.

The fundamental frequency of the vibrating air column

can b2

0

pproximated by reducing the actual air cavity in ¢

the cank to an equivalent system and then to a pipe with a

DTN N A

length Ly [7), see Fig. S, where

(R/V] + A/Vy),/n

tan = (2}
tx Az ipz
& = Vlv2 n

(

"]

)

..J
t-
O
L3 1)
(o]
rq
)
Ay

£y = 26.25 inches

Using Raleigh’s length correction factor, Ap [7

S

- or
o =2 (3)

ANl B UERT R b




g

oA - i

%
Vl V2
T
.

Fig. 5 Schematic Representation of Air Cavity in Tank
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af = 3.8 inches
Now solving fer f frcm (1)
< DC 1126 -
F =30~ 20s3s + .87 2248 cps
12
Alsoc, one may approximate the fundamental freguency
of the vibrating air column by considering the air cavity
equal to twce Helmnholtz resonators where the frequency of
the Helmholtz resonator {8] is: (see Fig. 5)
1 iczﬁ
o= | = (4)
PA V{ev
where
L, =1+ 0.8JA {5)

The frequency of each Helmholtz rescnator must be the same.

Therefore,
no= o[- <’ Ay B (6)
2 [ - + 0.87ANV, 27 (x * 0.6VAIV,
Solving

(- x) *ox%ﬁg_=tx+omJBv2
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x(V] % Vo) = gV, + o‘,a\/'i\_(v1 - V)

LV, + 0.8VA (V, - V)

X = =
VitV

~~
~3
~—

Solving fer x and substituting in (6)

n = 205 cps

Thus, by two approximations one obtains 224.8 cps and
205 cps for the fundamental freguency of the air column in
the tank.

Looking at Figs. 6 and 7 this fraquency appears 1o be
215 cps and on Fig. 8 as 220 cows. Fig. 6 also indicates a
mechanical resonance with a vacuum at 215 cps. One can
also identify the 3, 4, 7, 11, 20, 27, and 30 haruonics.
Likewise, many air-column harmonics can be identified in
Figs. 7 and 8 with air in the tank. Fig. 8 indicates
another air-borne frequency at 270 cps. Since each fre-
guency was excited separately, an air-ecolumn rescn

could have develcped at 27C cps,

Steel Diaphragm Viprations

The sieei diaphra

hragm Caii vimicle Wilh many modes indi-
cated by its nodal circles and nodal diameters. No dcubt
a nocdal diameter will develop if the driver i5 not sym-
metrically located. One can approximate some of these

freguencies with equation 79, 10]




/ oD
‘:=—a- 5-
; /
and
b= _En®
12(1 - nJ

where a = constant depending on mode of vibration
g = 386 inches per second squared
vy = weight per unit volume, pounds per cubic inch
h

\ = thickness of plate, inches

E = modulus of elasticity
n = Poisson’s ratio
R = radius of diaphragm, inches

The inside diameter of the tank is 1l inches and the
clamping ring inner diameter is 13 inches.

The frequency for no nodal diameters or circles is

26

(3)

345 cps using the 13 inch clamping diameter. Fig., 7 indi-

Q

ates a plate frequency at 340 cps when the tank is

evacuated. The 560 c¢ps peak on Fig. © appears to be for

P

one nodal diameter without a nodal circle. This would
suggest a 277 cps freguency for no nodal diameters or
circles and cne notes a slight neak at this freanercvy.
Another plate frequency can ke identified at 1075 cps.
Calculations could be continued to identify other plate

fregquencies,

Frequency in Tank Shell

The fundamental frequency in the vertical portion of
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the steel tank can be calculated by using squation (1).
This vaiue is approximately 4250 cps. Structure-korne
vibration readings are indicated in Figs. 6, 7, and 8 from
4200 cps to 4400 cps. No doubt other frequencies exist in

this steel tank shell.

When & vacuum was developed in the tank, it was of

rt

»
L
(¢}

order of less than one millimeter of mercury, absolute,

This introduces high stresses in the steel tank, especially
in the steel diaphragm. Calculations show that these
stresses may be high enough to create a nonlinear system.

If this were true it would be difficult tc icdentify discrete
freguencies of such a system.

The above analysis gives somc idea of the complexity of
the vibrating system involved in these tests. The tests
were a success in that ‘he importance c¢f air-borne to :
structure-borne vibrations was determined for the test |

apparatus used.
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VI. CONCLUSIONS
1., When the vibration exciter cor driver was mounted
solidly to the steel test tank, the air-borne vibrations
were too low in intensiiy to affect the decibel readings
caused by the structure-borne vibrations. The air-borne

vibrations had no effect on the readings.

W}

. The resilient mounting greatly attenuated the
structure-borne vibraticns,

3. Air-borne vibrations by-passed the resilient mount-
ing at high frequencies. Using the resilient ccnnectien,
the air-borne vibrations had little effect on the structure-
borne vibrations up to 2000 cps, but frem 2000 to 7000 cps
ine air-borne vibrations were oredominate, raising the
decikel level above those for the structure-borne vibraticn
ailone. This is attributed to several factors: (a) air-
coupled sound enerqgy by-passing the resilient mounting, and
(b) loss of isolation effectiveness of the resilient mount-

ing, causing amplificatior due to rescnance of some part of

5. The amkient noise masks signals from the test tank
below 150 cps, and no conclusions can be made in this fre-

guency range.
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Although this study is being continued by lIllinois
Institute of Techrniclogy, the findings outlired herein should
be correlated with results from other laboratories. This
may lead to important contributions in raval design for a

-2

quiet operating submérine.
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