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I. INTRODUCTIOR

Background

Transmissibllity tests of resilient mountings have shown the exis-~
tance of wave resorances (1, 2). also, it has been shown by actual
field tests that these wave resonances caase the resilient mounting to
losa part of its afficiency or increase its transmissibility in the
high frequency range and pass sound vibrations into the water through
the hull of a submarine (3). Since the d*-distance, the shortest metal-
to-matal distance measured through the rubber resilient element of a
sounting, affects the frequencies where the wave resonances ocenr (1, 2),
credsnce has been given & the idea that the wave.resonances in a resili-
ent mounting can be shifted tc higher frequencies as the d*-distance is
decraased. Tranamissibility tests previonsly performed give rise to
this opinion,
Scone

This sindy was developed to svbsiantiate the supposition that a
short d*-distance will shift the wave resonance frequencies to a higher
value; or that the d*-distancs can be such as to rsduce thc possibility
of enemy detection tv a miriomm in the low frequency range. Cylimdrical
resilient mountings were designed and constructed and their transaissi-
bility characteristics were obtained by laboratory tests. Alterations
were made in the mounting to see how it might affect the d*-distance in

raising the fraquency of the first wave resonancs and its harmonies.

II. PROCEDURE
Experimental Mountings:

Five experimental erlindrical resilient mountings were designed and

constructed using natursi rubber and mylded to the end pleces as showa




in Fig. 1. It will be noted that the end pleces provide feor attachment

of accelerometers.

Mounting No, 1, with a natural rubber element 4-1/8" long, is a plain
cylindrical unit with a 35‘Durometer hardness (Shore "A®).
However, the unit wes coumpleted and tested in 1952 but the

hardness was measured approximately two years hence when

o

Coie

the data was apalyzed and a transmissibility curve plotted.

It 35 JQuive possible that it had hardened during this long

o e e

period and the hardness was less ai the time of test.
Mounting No., 2, with a natural rubber element 5-1/2" long, is a plain
cylindrical unit with a 35 Durometer hardness (Shore "A"),
It was tested and its dats analyzed tha same as ¥Nc. 1
above,
Mounting No. 3, with a rubber element 4~1/8" long, is a plain cylindrical
unit with a 33 Durometer hardness (Shore "A"), This unit

was molded and tested during April and May 1954.

¥
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Mounting Ho has the same dimensions and hardness as Ko. 3 above but
the rubber element was altered, It had a soft steel coil

%
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4

melded into the rubber element and fastened to driven end,
see Fig. 2. Thus one end of the steel coll was fastened
to the drivsh end piece while the opposite end of the
spring was allowed to remain free in the rubber and extend
within 1/4L" of the other epn< piece.

Mounting Mo, was the same as No. 3 abave axcept a 3/6" diameter hole
was made lengthwise through the center of the rubber
elexent, A tlreaded plug was fitted into the driven end
pilece in order to fii! the hole ia the resilicnt element

with a liquid or a sclid. The purpose of thisz construction
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was to permit the use of a2 liquid or a solid having a
different velocity of sound than the rubber in oirdsr to
determine this affect upon the wave resonances within
the rubber element. In szddition, a test was run with a
3/8" diameter solid steel rod in the hole. The rod ex-
tended within 1/4" of the weight or load end of the
mounting. The rod was threaded into the driven end
plece.

Laboratory Test:

Transmissibility tesis werc maude for sach mounting. The improwed
testing apparatus described in Engineering Report No. 8 (4) was used te
test mountings 3, 4 and 5. The general procedure for conducting the
transmissibility test was previnusly outlined in Engineering Report No.
3 (1). Transmissibility curves were plotted of decibel change vs.

foreing frequency.

III. DISCUSSION OF TEST RESULTS

These data are presented to show that wave resonances in a resilient
rounting can be eontrolled by wvarying the dimensions of the resilient
element and to discuss possible ways of increasing the frequency of the
first wave resonance and its harmenics. Thus it is believed that mount-
ings for reciprocating and rotating macninery can be made to eliminate
detrimental wave resonances from the important low frequency ship detec-
tion rangs (3). Previcus transmissibility studies (1) have shown that
at the higher forcing frequencies ths wave length of the vidbrations
propagated in a resilicat element wers of the same order of magnitude
as the elexent itself and wave resonances occurred in the mounting

material. These resonances tend to decrease the possible sound
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attenuation through the meunting and, in effect, increase the transmission
cf sound at theme wave resonant fregquencies (3).

Tables I, II, and 1I1i give data on experimental. cylindriecal rubber
mountings. Tables I and III are for mountings with the same dimensions
but with a slighl varlation in the composition of the resilient element.
Since hardness tests wsre not made osn mounting No, 1 at the ilims cf the
test, no definite conclusions can be made regarding hardness. The 35
Durometer hardness reported was taken approximately 24 months after the
transmissibility tests. It is believed that ths rudbber was considerably
softer at the time of the transmissibility testas. Table III includes
date where the resilient element had been altered to include another
material in an attempt to raise the frequency of the first wave reson-
ance. Tables I and II are for mountings of different length--composition
and other dimensions remaining the same.

Comparing the data in Table I with that in Table II for equal loads
on the mountings, it is seen that the first wave resonance of the 5-1/2"
long mounting is lower in frequency than for the 4~1/8" long mounting.
In fact this freguency is approximately inversely proportional to the
length of the resilient element. This comes from the formula that
£t = %% where f 1s the frequency of the first wave resonance in cycles
per second, v is the velocity of sound in the resilient element (in./
sec), and L 13 the length of ihe resilient element in incrhes. Also,
it will be noted that these mountings were tested for different loads
and it can be seen from the transmissibility curves, Figs. 3 and 4,
that the trenamissibility increases witlk a decrcase in load on the
monnting. Therefors, a rubbsr-type resilisnt mounting should not be

under-lcaded £or' Sast cound attenuation. Tha transmissibility tests
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Table I. Wave Resonsuce Data on Mounting No., i - 4~1/8" Hatural
Rubber Element, 1-~3/8" Diameter. (35 Durometer Hardness,
Shore "AR, Taken 2 Years After To-ts
Wave Resonance Ko. 1 2 3 4 5 o
Test A Frequenvy, cps. 22 455 630 1750
Load 1,39 1b, [IFrequency Ratio 1 1.88 2,60 3,10
Sound Velocity, fps. 166 156 144 123
Wave Resonance No. 1l 2 3 b 5 6
Test © Pragusacy, cpe. 22 LER  A5D 78R8 940 1020
Load 2.55 1b. PFrequency Ratio 1 1.88 2.68 3,26 3,88 4.2
Sound Velooity, fps, 15 156 149 136 129 117
Wave Resonance No. 1 2 3 IA 5 6
Test G Frequency, cps, 235 450 6L5 790
load 4.78 1b. Prequency Ratio 1 1.91 2.7 3.36
Sound Velocity, fps. 163 155 148 136
N AR o m‘(:_‘ o e
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Table ITI. Wave Resonance Daia on Mourting No. 2 - 5-1/2" Natural
Rubber Element, 1-3/8" Diameter. {35 Durometer Hardness,
Shore "A", Taken 2 Years After Test)
Wave Rezcnance No. 1 2 3 4 5 6
}
; Test A  Freauency, cps 172 353 503 638
; Load 1,39 1b.  Frequency Retio 1 2,05 2,92 3.71
E Sound Velocity, fps. 157 162 154 146
{
g
I Wave Resonance No. 1 2 3 L 5 6
?: Test B Frequency, cpe 18, 362 503 650 760 858
Load 2.55 1b. Frequency Ratio 1 1,93 2,74 32.52 L.13 L.66

Sound Velocity, fps. 169 166 154 149 10 132

Wave Resonance No. 1 2 3 4 5 6
Test C Frequency, cps 180 356 500 640 748 @58
Load 4.78 1b, Frequency Ratjio 1 1,96 2,78 3.55 4,15 4.77

Sound Veloeity, fps. 165 163 153 147 137 132
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Table ITI. Wave Resonance Data on Mountings with a 4-1/8" Natural
Rubber Element, 1-2/8" Diameter and 33 Durometer iard-
ness, Shore "A®
]
Wave Resonance No, 1l 2 3 4 5 6
Teat A
Frequency, cps, 220 A5
Load 1.39 1b.
Frequency Ratio 1 1.89
Solid
Sound Velocity, fps. 151 143
Wave Resonance No. 1 2 3 A 5 6
Test B
Frequency, cpe 272 540 730 960
load 1.39 1lb.
Frequency Ratilo 1 1.97 2,68 3,53
With Coil
Sound Velocity, fps. 187 186 168 165
Wave Resonance No. 1 2 3 4 5 6
Tesu C
Frequency, cps 223 415
load 1.39 1b,
Frequency Ratio 1 1.86
Air in Hole
Sound Velocity, fps. 154 143
Wave Resonance No, 1 2 3 L 5 6
Test D
Frequency, cps 225 430 640 833 1020
Load i.39 1b.
Frequency Ratio 1 1.91 2.8, 3.70 L.54
E,0 in Hole
Sound Velocity, fps. 155 148 147 143 14l
Wave Resonance Ko. 2 3 L 5 6
Test E

i
Frequency, cps 227 430 620 783 1020
Load 1.39 1b.

Frequency Ratio 1.90 2.73 3.5k 4.50

1
Hg in Hole
Sound Velocity, fpa. 156 148 142 135 14l
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Table IZI, (Continued)

Wave Resonance No. 1l 2 3 4 5 6
Test F

Frequency, cp=s 270 470 650 830

Load 1,39 1b,

Frequency Ratio l 1.74 2.41 3,08
Steel Rod
in Hole Sound Velocity, fos. 186 156 149 143

W R e TIN G i,
!

"*.“& ‘;.3"'-‘3"&'\::“ T '?‘ P el
d : L b g
M G AW e

B

AR
ey N,

et AR AY SR

KA O S e AL Tk

N

-

L



; , ’ e " el . , .., ! o
.mnrhls.! T2 £, P i e 1 A O P e S SR A EASE T S I ey x - -~ '

Suoy *up §/T-Y IUGWSTI JIequN¥ PYIOE _
TeamgeN--seAIn) Lousnbely °sA edusy) TeqToO@ °€ °ITd

= (edo) KLouenbexy
000T 00/ 00§ 00¢ 002 00T 0L 0S0O1 0 O2 38-
-H0L- /
09~ W
0%~
—{oy- o
[e]
&
| QMI n.
_ [2]
] - P®OT °qT $§°¢ &
s 02~ m
N 4—PeoT °qT 8L°Y
. Y N ot-

Z
N~

PROT ‘qT 6E°T J_/\

s i s N B i S o 2 AR T ARSI CYR B




- - T - e v S T R RO AL AL e S TRETR | T DRSS s

b . " > M— e LTt 2R o1 AR e Ty VR RN P g T e s s
JM..I' TSP I R YT A7 IR Y A RN SR BV IR0 W AT % ; . s

Suoy °ur Z/1-§ UOWITH Jeqqny PFI6 .
TeINjeN~——89AIN) honmuao.ﬁ ega oBuwyy Teoyoeq °Y 84

(sdo) Lsuenbexy
004 005 nog 002 00T OL 05 0" 0f 02 ow..

12

-

£

L ) 4 £
eI 5,

Ry B -,

]

r.i"

=

1 £ :

fagicong: i 2T g i

BT W g
:‘ﬁlﬁ“n

Simeat Yy -

‘\

e3ueyo TwqToeQ

VI
wManrn/// —- og-
kL ]
< SR
.n“ﬂu.f/ N . ov- :
Jﬂaﬁ 'qr b5°2 ;
| | ot

s

17

//s
/4




< T e ;&"""’E N AT

13

using experimental mountings with resilient clements 4~1/8" and 5-1/2"
long showed that the first wave resonance and it~ harmonics could be
shifted to & higher frequency range by decreasing the rubber resilient
path between the metal driven element of the mounting and the fixed metal
fixture of the mounting which is used to fasten it sclidly to a founda-
tion. The fact that the harmonics of the first wave resonance are less
than multiples of the resonant fraquency, Tavles I, II, and III, indi-
cates a devlation in the findings cf theory as developed by Cuth, st.al.
(5, 6). This may be due to the influence oi the metal elemviits of the
meunting or of the campound used.

Since the shortest distance of the rubber resilient path between
ihe driven metal element and the fixed metal element, was known to
determine the frequency of the first wave resonance, it was thought
feasible to try to shorten this path to a smaller value by inserting
another material in the rubber element. Table III-B, C, D, E, and F
and Figs, 5, 6 and 7 show the results of this study. Bach altsration
in the resilient element will be discussed separately as follows:

Soft Steel Coil Molded in Rubber Element: It was hoped that this al-
teratioa in the rubber element sould raise the first wave resonance

to a higher value. Examination of the uata, Table 1II-B, and the
transmissibility curves, Pig. 5, show about a 10 cps rise in the natural
frequency and an increase in the frequency of tiie first wave resorance
from 220 cps to 272 cps. It appears that the main contribution of the
soft steel coil was to stiffen the rubber element and perhaps raise

the velocity of sound through the slement, thus slightly increasing

the first wave resonant frequency.

Various Materiais Introduced Concentrically Through the Longitudinal

Axis of the Rubber Ziement: A study was made where a 3/8" hole was

.
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Fig. 5. Decibel Change vs, Frequency Curves—Haturai Rubber
Klezent 4-1/8 in. Long with Solid and Molded Coil

14

Tean 1

arwger

B0 G S A AL €S N D ) V2B i € i 4.2 KT

oty db

[P SRP DI SO s TSRS p P TR L Pe




s

B P R ST U NG (O RS S R TN NI T e Ao -

-

W 090 (KRR R W (5

Hollow cylindrical
rubber element,
4 mercury-filled,
1.39 1b, load
TR
Y
® AN
2 N
~ ]
2 ™~
3 s A
5 [ ———y” \
- LAY
\‘\a
-4
=5
3 ahs it Hollow cylindricsl
rutber element with
1 . steal rod in hole
| 4" from load end,
36.5 db 1.39 1b. load
E l
Q Fy | \
3 1
. 3 _ L\
2 \
-4
20 3¢ 40 50 70 100 20 200 500 700 1000
Frequency (cps)
Fig. 7. Decibel Change vs. Frequency Curves--Naturasli Rubber

RN e T A TSNS SIS 3 e
R g Th

Rlement 4-1/8 in, Long, Hollow Element Filled With
Mercury and Steel ERod

T

3

£ Qipwriand

& &"3 4 -

TR st
. W " ¥

:}ZK:&‘" >
TRt

-

e "

“Iew

[
]

oy

B s,

R R S

S i U T T 1 U HENERF RO IR ey

-



Y RNt T B SNSRI | RV WY T WA T TS S

Wy

Ve 'xpk(-:wfog.mb-m.ég.(

§ 2 e ; ' »
BREEPBIIN R C Ol AL A oy sl i

17

molded concentrically through the longitudinal axis of the rubber element.
Various materials were introduced into this cavity and transmissivility
tests were made. The cavity was complistely fillad with water, mercury and
partially filled with a 3/8" steel rod which extended from one end piece
to 1/4" of the opposite end piece.

Table III-C gives data for the mounting with an empty cavity or air-
filled cavity. Tables III-D and E give data for the cavity filled with
water and meicury, respectively. Fig. 5, 6, and 7 show the transmissi-
bility curves. Comparing the data of Table III-C with that of III-A no
change was made in the freguency of the wave resonances...this result
was expected, Aleso, it will be seen that filling the cavity with water
or mercury had littlie or no effect in changing the first wavs resonance
and itvs harmonics.

Locking at Pigs. 5 and 7 one can see that introducing thc stesl rod
into the cavity gave about the same resul®: or the first wave resonant
frequency as molding = soft steel ceil in ths rubber clemsnt., However,
the second, third and fourth wave resonant frequencies were about the
same as the unaltered mounting—see Tabie III-A and F,..only the fre-
quency was slightly increased. During the transmissibility tests, it
was found that the natural resonsnt frequency of the mounting with the
rod was a function of the driven amplitude. A stucdy wuc made where
readings were tcken using two values of input acceleration, approxi-
mately 0.5 g and 1,0 g. These curvss are shewn in Fig. 7. It wiil be
noted that the dampening was introduceda by friction between the rod
and the rubber element as indicated by a transmissibility value less
than that for either the solid rubber unit. {(Fig. 5) or the mcuaniing

with the scit steel coil (Fig. %).
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Time did not permit the molding of many rubber, eylindrical mountings
with varying degrees of hardness. However, it is believed that with all
elements of the mounting being equal in dimension and shape, tii® harder
rubbers will give a higher frequency value for the first wave resonance

and its harmonics than the softer rubbers.

IV. CONCLUSIOES
Experimental tests on resilient mountings to date st Illincis
Institute of Technology have ashown that:

A. The frequency of first wave resonance and ils narmonics can be
increased by designing a rubber type resilient mounting where
the driven metal element is brought closer to the fixed metsal
elezent of the mounting and thus shorten the ruober path fiom
one metal elament to the othsr...the shorter the distance the
higher the frequency of the first wave resonance.

B. Devices may be molded into the rubber element that tend to
stiffen it and thus increase the frequency of the first wave
rasonance. Although tests on resiiient mountings with rubber
of various hardness have not been made, credence is given to
the prcposition that as the herdness of the rubber is in-
creased one will obtain an increase in the frequency of the

- first wave resonance.

C. Introducing a column of liquid from the driven element to the
fixed element through the rubber element was a fallure insofar
as increasing the frequency of the wave resonances in the
resilient mountings tested.

D. Tests introduced in this report shew that the transmisoibility

at the wave resonance will increase if a rubber %4;pa resilient
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mounting is lightly loaded, This givas poor sound attenuation

through the mounting at these frequesncies.
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Materials Lab, New York
Raval Shipyard, Naval Base
Brooklyn 1, new York

Comzander

Design Division, Philadelphia
Naval Shipyard, Naval Base
Philadelphia, Pennsylvania

Commander

Boiler and Turbine Lavoratory
Philadelphis Kaval Shipyard
Naval Base

Philadelphia, Panusylvania
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Commander
Boston Naval Shipyard
Boston 28, Massachusetts

Commander

Charleston Naval Shipyard
Naval Base

Charlsstnn, South Carolinas

Commander
Portsmouth Bawval Shipyard
Portsmovth, New Hampshire

Commander

Pearl Harbor Naval Shipyard
Bavy Ro. 128 Fleet Post Office
San Francisco, California

Commander
Puget Sound Naval Shipyard
Bremerton, Washington

Commander

New York Haval Shipyard
Naval Base:

Brooklyn 1, New York

Commander
Long Beach Naval Shipyard
Long Beach, California

Commander
Norfolk Naval Shipyard
Portsmouth, Virginia

Commandsr
San Prancisco Naval Shipyard
San Francisce, Californis

Commander

Mare Island Naval Shipyard
(Rubber Laboratory)
Vallsjo, California

fNommanding Officer

Go S, Naval Submarine Base
Havy No. 128 Flzel Post Office
Sexn Francisco, California

Cemmanding Officer
U, 8. Naval Submarine Base
Ncew London, Connecticut
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Commanding Oificer

U. S. Raval Ordnance labcratcry
Whits Oak, Maryland

Attention: Ir, B. Snavely

Commanding Officer and Director
U. S. Ravy Undsrwater Sound Lab,
Fort Trumbull

New London, Connecticut

Director

David Taylior ¥edel Besin
Washinzton 7, D, C,.
Director

U. S. Navy Bngineering Experiment Station
Annapolis, Maryland

Director
U. S, Navy Electrcnics Lab,
San Diegc, California

Chief, Bureau of Ordnance Reb
Department of the Navy
Washington 25, D. C.

U. So Department of Commerce
National Bureau of Standards
Van Ness Street and Conn. Avenue
fisshington, D, C.

Oupervisor of Shipbuiiding USN and
Naval Inspector of Ordnance

Electric Boat Gompany

Groton, Connecticut

Offics of Naval Research Branch Office
150 Causcway Street
Boston, Massachusetts

Office of Naval Research Branch Office
Tenth Floor

The John Crersr lLibrary Building

86 Fast Randolph Street

Cideago 1, Illinois

Office of Naval Researcii Branch Office
346 Brosdway
New York 13, No Y.

Office of Naval Research Branch 0ffice
1030 K., Green Street
Pasadena 1. Califzenia
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Office of Naval Research Pranch Office
1000 Greary Strest

San Prancisco 9, California

Offizer-in-Charge

. Office o7 Muval Research
Ravy &n. 100

Flest Post Cffice
New York, N. 1.

University of Michigan
Bazineering Ressarch Institute
Ann Arbor, Michigan

Wr, R, N. Hasmme

Attertion:

General Flectric Company
Ceneral Engineering and Consultirg Labdb,
! Schenectady, Rew York
; Ir. B, Pehr
; Via: Navinspect cof Ord,

G. E. Company
| Schenectady, N. Y.

Attention:

i Commander

Submarine Development Group Two
Box 70 U, S. Raval Submarine Base

Attention:
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New London, Connecticut

0. B. Relson, USN
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