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ABSTRACT

The technical information obtained f rom the tests that were conducted in thio
‘4

supplemental program will be useful in the design and fabrication of pres-
sur ized  re inforced-elas tome r sona r domes of the near future.  Although the
program was desi gned around the requirements of the AN/SQS-26 sonar
dome , the data obtained can be used in the desi gn and fabrication of almost
any type or confi guration of re inforced-elas tomer sonar dome . This pro-
gram was not desi gned to establish a fabrication procedure for a sonar dome .

Model test results  demonstrated that it is feasible to fabricate  sonar domes
of the size of the AN/SQS-~~6 in one piece , using pol yester  tire cord and a i r-
cu red polyurethane .

The acoustical properties of the polyurethane and polyester  t i re-cord type
construction are  not equa l to those of natural rubber and polyester  t ire -cord
construct ions.

Antifoulant coatings and the physical propert ies  of the polyester  and steel
wi re  were not degraded by hig h-power acoustic energy .  Likewise the sound
transmiss ion value s of the panels were  not degraded due to the app lication

• of the antifoulant coatings or by prolonged operation. Acoustic  tests showed
that db loss increases as the f requency increases.  These tests also estab-
lished tha t the db loss decreased as the p res su re  on the panel was increased .

• Deflection tests tha t were conducted on polyes te r-cord , re inforced- rubber
panels established the percentage of elongation at 25 , 50 and 75 psi , and the
burs t  p ressure .  At 50 psi , the inherent creep of the re inforcement  material
stabilized within 48 hr , and the range of elongation was only 2 . 18 to 3. 60 per-
cent.  Burst  p ressures  were 18 to 43 times 50 psi on the five specimens that
were tested.
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SECTION I - PURPOSE

The purpose of this supplement to the sonar dome feasibility study program
was to obtain answers to the following questions:

1. Can a model sonar dome, the size and shape of the
AN/SQS-26, be fabricated in one piece using Good-

• year’s modified filament winding technique and an air-

curing polyurethane ?

2. What will be the acoustical properties of a flat panel

using the same type of construction as that used in the

model dome?

3. Will submitting flat panels, of polyester-reinforced

conventional rubber dome construction to a prolonged

environment of high-power acoustic energy be detri-

mental to their physical and acoustic properties?

4. What transmission losses will be encountered over a

freque ncy range of 2 thr ough 150 kc with polyester-
reinforced conventional rubber dome constructions ?

Also what effect will hydrostatic pressure have on the

acoustic properties of these constructions ?

5. What will be the percentage of elongation of polyester-

cord-reinforced conventional rubber constructions at

25 , 50 and 75 psi in both the wet and dry condition ?

— 1—
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SECTION II - GENERAL FACTUA L DATA

SPECIMENS

To obtain the answers to the questions listed in Section I the following

specimens were fabricated and tested:

1. One 1/16-scale model of the AN/SQS-26 dome to

evaluate the fabrication technique and over -all

feasibility.

2. One panel, No. 830, 6 by 6 ft by i..9/16 in., us ing

polyester tire cord and polyurethane,subjected to

acoustic transmission tests at U. S. Na vy Under-

water Sound Research Laboratory (USNUSRL).

3. Two panels 5 by 5 ft from two existing 6 by 6 ft

panels, both panels containing a natural rubber

U compound. Panel No. 375-3/2 had polyester tire -

cord reinforcement and was 1.66-in, thick. Panel

No. 378-3/ 1 had steel wire t ire-cord reinforce-

rnent and was 0. 85-in, thick . Sections of both

panels were coated with two different antifoulant

coatings.

4. Ten panels, 30 by 30 in. , of various reinforced

conventional rubber constructions and thicknesses

to establish transmission losses over a frequency

range of 10 through 150 kc at va rying temperatures
• and pressures .  Seven of these panels were cut

from seven of the nine ori ginal six-foot panels and
three were made new .

_ _

_ _ _ _  
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5. Five panels 34—in, diameter using three different

sizes of polyeste r tire cord with different safety

factors to establish the actual percentage of elon-

• gation at 25 , 50 and 75 psi. These panels were

cut f rom fi ve of the nine ori ginal six -foot panels.

2. FABRICATION PROCEDURES

• • a. Scale-Model Dome

The 1/ 16-scale-model dome was made on a male wooden form. A

release agent was applied to the form . Pins were located strateg i-
cally along the attachment edge of the form. An inner liner of poly-
urethane was applied to the form and cured at room temperature.

The method used in applying the polyeste r reinforcement cord on
L. this model was developed by Goodyear for the fabrication of large

products in conjunction with an air-curing rubber.  This technique

U is called modified filament winding. A continuous cord was used
in laying up each ply. The cord was wound back and forth around

the strategical1y~located pins at prescribed angles to carry the loads

that were defined by a previous s t ress  analysis.  When the dome was
removed from the form holes were left along the attaching edge for

• securing the dome to the ship. Because the cord is continuous the

applied loads will be carried directly to the attachment hardware.

Hence it will not be necessary to depend on adhesion or mechanical
• clamping.

After each complete ply was wound on the form , the cord was cov-

ered and encapsulated with polyurethane which was a i r -cured at

room temperature before the next ply of cord was applied. Four

plies of cord were wound on the model. Another coat of polyure-

thane was applied ove r the final cord ply to obtain a smoother out-

side surface finish.

-3..
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When the model had cured , the pins along the attachment edge were

removed and the model was easily slid off the form.

b . Six-Foot Panel

The six -foot-square pane l of polyeste r t ire-cord and polyurethane

was made on a flat building table . A release agent was applied to

the table prior to the application of the polyurethane inne r liner.

The polyeste r tire cord was layed one ply at a time , each followed

by the application of polyurethane .

The cord plies were layed 45 deg to each other until a total of 17

plies was obtained. The finish layer of polyurethane was applied

over the final cord ply for a tota l panel thickness of 0. 25 to. 1. 56 in.

Afte r the panel was air-cured a 100-percent X-ray  inspection was

performed. The pane l was then trimmed to the six-foot size and

hole s were drilled along all four edges for mounting in the test fix-

ture~at USNUSRL.

c. Five-Foot Panels
‘ 1

The two five-foot panels were cut from six-foot panels which were

layed up on a steel plate. Natural rubber was calendered onto the

polyeste r and steel t i re-cord fabr ics .  In both panels the cord plies

were layed up 45 deg to each other .  The polyeste r cord panel , No.

375-3/2 , had 17 plies and the steel wire cord panel , No. 378 -3/ 1,

seven plies. A 0. 25-in. -thick layer of rubber was applied over the

last cord ply on each panel. The panels were cured in an autoclave

using a vacuum blanket.

The cured panels were marked off on both side s into thirds and two

different antifoulant coatings were applied on each side , leaving one

third of the panel surface uncoated.

d. Thirty-Inch Panels

Ten 30-in. -square panels were made using the same method as

-4-
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defined for the fi ve -foot-square panels , except that no antifoulant

was app lied to these panels. In this group there were seven panels

reinforced with polyester cord and three nonreinforced natural

rubber panels. Three different natural rubber compounds and

three different sizes of polyester cord were represented in the ten

panels. The physical makeup of the ten panels is given in Table I.

Seven of the ten pan’~3a were  cut from seven of the nine ori ginal

six-foot-square panels and three were new.

e. Deflection Test Specimens

The five 34-in. -diam deflection test specimens were fabricated

using the same method defined for the five-foot square panels less

the antifoulant coatings . The physical make -up of these five panels

is described in Table U. These panels were cut from five of the

original nine six_ foot-square panels.

3. TEST PROCEDURES
L

a. Scale -Model Dome

Physical testing was not planned for the scale -model dome . There-

fore only a visual inspection was made of the completed model on

which the final results are based.

b. Acoustic Transmission Tests

The entire surface area of the six -foot-square polyurethane and

polyester cord panel , Panel No. 830, was X-rayed, prior to ship-

ment to the USNUSRL for acoustic transmission tests . The results

of the acoustic tests on Panel No. 830 were compared with the re-

sults on Panel No. 375-3 , because both panels had the same type of
reinforcement  and numbe r of plys and the specifi c gravities of the

elastomers were equal.

-5-
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It

c. Acoust ic  Energy Effects

The two 5-ft  panels were  f i r s t  subjected to hi gh acoustic energy  at
the U. S. Navy Underwate r Sound Laboratory (USNUSL) for 200 hr
to determine if this type of envi ronment  would remove the anti -

-
, foulant coating or cause degradation of the acoustic and s t ruc tu ra l

proper t ies  on this type of construction under prolonged operation,
The panels were again subjected to acoustic  tests  at USNUSRL to
determine if the t ransmiss ion loss character is t ics  had been changed.

d. Hydrostat ic  P ressure  Effec ts

The ten 30-in.  -square panels were  tested at the USNUSRL in a pres-
sur ized  acoustic chamber over a frequency range of 10 throug h 150
kc at 0 and 1000 psi.  These tes t s wer e con du cted to es tab l i sh  the
db loss of conventiona l constructions at hi gher frequencies and to
e stablish th e ef f ec t of inc reased  press ure in relation to t ransmissi-
bility.

e. Deflect ion Tests

(1)  Prepa ration

The five 34-in. -diam deflection test  specimens were tested at
Good year ’ s Wing foot Lake te st  faci l i ty .  Each panel had 40 holes
around the ed ge to a ccommodate the 40 stu ds a round the edge of
the p ressure  test f ixture.  A clamp ing rin g, held by stud nuts ,
tor qued to 450 in. ib , held the re inforc ing cords to prevent  them
from sli pping durin g tes t ing.  Each panel was or ientated on the
test  f ix ture  with its maximum st rength  vertical and its minimum
strength  horizontal.

(Z) Stabilization

Prior to con ductin g the de fl ection tes t s, one panel in the dry

— 
state  was ins ta lled on the fixt u re and p ressur ized  to 25 psi.
Deflec tio n meas u rements w e r e  made immedia tely a f te r  the
Z S-p s i  pres sure was obtained and every  15 mm t h e r e a f te r  to

-8-
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establ ish the elapsed time of c r eep  to initial s tabil izat ion.
Once the necessa ry  elapsed time period was established , all
panels were  permit ted  to stand for  that time period prior to
taking readings .

(3) Dry  Tests

All five panels were f i r s t  tes ted in the dry condition at 25 , 50 ,
and 75 psi.

(4) Wet Tests

Afte r  the dry tes t  was completed on a panel , it was placed in
a f r e s h  water  tank for  a minimum of seven days (168 hr ) ,  prior
to cond ucting the wet deflection tests . For the wet test , the
panel was removed f rom the water  soak tank and immediatel y
installed on the test  f ix tu re .  The panel was then p res su ri zed
to 75 psi and its deflection measured .  The p r e s s u r e  was then

r reduced and maintained at 50 psi for six days . Deflection
measurements  were  recorded each day .

Water  was used as the p res su r i z ing  medium in all of these test
as a precaut ionary measure .

I
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SECTION III - D E T A I L  F A C TU A L DA TA

1. SCALE-MODEL DOME

The completed scale -model dome shows that the modified filament-
winding process  using polyester  cord encapsulated with polyurethane
could be used to fabricate  a sonar dome for the AN/SQS-26 sonar.
Figure 1 shows the model dome during the prel iminary stage and Fig-
ure 2 , the comp leted model dome with a typ ical metal edge attachment.
The model dome has been viewed by personnel of the Bureau of Ships in
Washington , D .C .

Because of reservat ions on the part of BuShip personnel concerning
polyurethanes for  sonar app lications , fur the r Navy-sponsored develop-

- 

-: ment work on this process has been discontinued .

2 . SIX-FOO T PANEL

The s ix-foot-square  polyes ter  cord and polyurethane Panel No. 830 ,
was X-rayed for  physical defects and forei gn material  prio r to shi p _
rnent to the USNUSRL for  acoustic t ransmission test ing.

The X-rays  showed that the panel was f ree  of forei gn material .  How-
eve r , 45 of the 48 X - rays , showed scattered light gray areas that were
entrapped-air  pockets between the plys of cord. These areas varied in
size from that of a pin-head to 15/ 16 in. in diam and from 0 .0 1 0  to
0. 030-in,  thick. The average diamete r of the airpockets was 0 . 2 5  in.
The voids were not dispersed uniforml y throughout the panel . For corn-
parison purposes it should be noted that all the other panels made , using
conventional elastomers , were  X-rayed and found to be free of foreign
material and air pockets.

-10-
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Figure 1 - Scale-Model Sonar Dome dur ing Construction
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Fi gure  2 - Scale -Model Sonar Dome with Typ ical Ed ge At tachment

There was no estab lished pat tern  or apparent  reason for the voids. No
atte mpt was made to es tablish the percentage or volume of entrapped air .

The panel was shipped to the USNUSRL for acoustic te s t s .  The resul ts
• of these tests are  recorded in the USNUSR L report , Reference 1 .

In comparing the db loss of Panel No . 830 with the db loss on Panel No.

• 375-3/2 , which is approxima te ly equal in construction and was tes ted - •

using the same test procedure , it can be readil y seen that the db loss on
Panel No. 830 is hi gher  in the f requency  range f rom 6 kc th roug h 60 kc.
Thi s is a t t r ibu ted  to the entrapped a i r  in Panel No. 830.

Because of BuShips r e s e r vations mentioned above concern ing  pol yure-
thane for sona r app l icat ions , Navy-sponsored  development-work  to
impr ove t he acoustic p ro pe r t ies of th is typ e of construction has been
discontinued.

-‘a-
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3. FIVE-FOOT PANELS

The two 5-ft panels that were coated with two different antifoulants,
were coded No. 375-3/2 and No. 378-3/ 1. These panels were subjecte d
to acoustic tests before portions were coated with two antifoulants. The
results of these tests are recorded in the USNUSRL report,  Reference 2.
At that time the panels were s ix- fee t  square and were coded No. 375-3
and No. 378-3 .

With the antifoulant coatings app lied the two panels were subjected to
200 hr of hi gh-power t ransmission by TJSNUSL at the Dod ge Pond Field
Station.

The results of this test showed that the rubber-base antifoulant main-
tained adhesion and that physical degradation was not apparent vi sually.
Temperature checks showed that the interna l temperature did not change
appreciably (see Figure 3). The results of these tests are recorded in

Reference 3 .
— The panels were returned to USNUSRL for transmissibili ty tests to de-

termine if prolonged exposure to high_powe r sound transmission or the
addition of antifoulant coatings degraded the acousti c transmission quali-
ties. The results of these tests are recorded in Reference 1. In com-
paring the results in References 2 and 1, it is immediately observed
the second test  results are bette r than the f i rs t .  Howeve r , there were
variations in the test conditions. The temperature during the second
test was 27 C while during the f i r s t  test  it was 15 C.

• The velocity of sound at 15 C is equal in both sea water and natural

rubber.  At 27 C the velocity of sound in wate r increases while in nat-

ural rubber it decreases and thereby creates a slight impedance mis-

- 

- 

match.

Therefore , it appears that the f i r s t  test results should have been better
than the second .

I C  
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- 14-



.—•-_•_ •--,—-—
~

—-‘—

~

‘

~
. - • _ •••

~~~
_“_•__ _ _

~~~~~~~~~~~
_ _ r_ •__ .~—5 ••--_ •,— “~~

‘ ‘ _ ‘ ‘
~~~~~~~~~~~ 

—

SECTION III - DETAIL FACTUA L DA TA GER-11855

Howeve r , in comparing the actual recorded db-loss difference at 20 kc ,
the maximum diffe rence was on Panel No. 378-3 and was only 0. 5 db.
According to personnel at the USNUSRL the accuracy of this type of

• measurement is ±0. 2 db. The remaining 0. 3 -db loss could easily be
consumed by the other variations in the testing.

The second tests were conducted at a greater depth than the f i r s t  and
consequently a difference of approximately 6 psi existed between the
two. This increase in p ressure  would have the tendency to reduce the
db loss. Also the two panels had the ends of the reinforcement  cords
exposed to the water , which permitted the water to wick into the cord
and improve the transmissibility.

4. THIR TY-INCH PANE LS

The ten 30-in, panels were tested at the USNUSRL. The results of these
tests are contained in Reference 4 . Althoug h seven of the ten panels
were cut from panels te sted and recorded in Reference 2 , a comparison
of the test da ta is not practical because the test setup and procedure
was completely different.

• 

An analysis of the test data recorded in Reference 4 revealed the follow-
ing facts . On the reinforced panels , ove r a frequency range of 10 kc
through 150 kc , at 0 psi , the losses ranged from <0 .5  db to 29 .0  db.
The db-loss increased with frequency. When the testing temperature
was changed 21 C the difference in db loss varied from 0 .0  db to 6. 3 db.
Panel No. 374~ 2/ 1 was not considered in this latte r analysis due to spe-
cial handling noted in Reference 4.

When the same panels were tested over the same frequency range but at
• 1000 psi , the losses varied from (0 .  5 to 7 . 2 db. When the tempera-

ture was changed 21 C the difference in db loss varied from 0. 3 db to
I .  5 db.

An analysis of the data on Panel No. 374-2/ 1 shows a 12-db loss at
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at 150 kc , 25 .C and 0 psi. At 150 kc , 25 C, and 1000 psi the loss was

only 3. 0 db, an improvement of 9 db due to pressure .  However , when

held at 10 psi for 15 hr prior to conducting the test at 0 psi a 3. 6-db-loss

was obtained at 150 kc at 4 C. When the pressure was increased to 1000 —

psi and at 4 C the db-loss at 150 kc was 3. 3 db , an improvement of only

0. 3 db. Therefore, db loss decrea ses as press ure incr eas es , and low
pressure (10 psi) appears to benefit this condition almost as much as high

pressure .

The test data on the nonreinforced elastomer panels revealed that the

db-loss ove r a frequency range of 10 kc through 150 kc at 0 psi , and

25 C varied from 0. 5 db to 0. 9 db. By changing only the pressure to

1000 psi the db-loss dropped to 0. 5 db in all specimens.

When the temperature was changed 21 C the db-losses changed slightly

at 0 psi and when the pressure was increased the db-loss decreased in

general.

5. DEFLECTION TEST SPECIMENS

The five 34-in. -deflection test specimens were tested by the Goodyear

Tire and Rubber Company.

Prior to conducting the main tests a pretest check was run to establish

the amount of time required for the specimens to obtain initial set at

the lowest testing pressure. The test was conducted on Panel No. 374-

2/2 , at 25 psi in the dry condition. Deflection measurements were

taken immediately after the 25 psi was obtained and every 15 mm there-

afte r until the readings duplicated. The percentage of elongation was

calculated and is recorded in Table ill. The actual measurements and

curves are given in Figure 4.

As a precautionary measure , a drum test was conducted on Panel No.

374~ 3/2 in the wet condition to establish if any slippage was occurr ing

when under test and if so to what degree. The actual measurements

and curves are recorded in Figure 5. The compiled data calculated

~l6~
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4,

f rom these measurements  are  given in Table III. The resul ts  did not
indica te any slippage .

With the initial set- t ime establ ished at 30 mm , all subsequent de fl ect ion

measurements  were  made afte r a specimen had been at the t est ing pres-
sure for  30 mm or more .

All five specimens were  f i r s t  tested in the d ry  condition at 25 psi , 50
psi , and 75 psi .  These deflect ion measurements  are shown in Fig-
ures  6 thro ug h 10 for Panels No. 374-2/2 , 374-3/2 , 374-4/2 , 376-3/2 ,
and 377-3/2 respectivel y. All mea su rement s shown in these figur es

were  taken from the re fe rence  line . Hence to obtain deflection values
it is necessar y to subtract the measurement data from the co n stant

4 . 7 50-in,  dimension.

Although the specimens were  34 in. in diame te r , the testing area was

29.50 in. in diameter .

The percentage of elongation was calculated using the following fo rmula:

E = 
~~~
. 100 - 100

whe r e

E = elongation in percent

L length of a rc

C = chordlength(2 .9 . 50-in. , constant)

The arc  length was calculated using the following formula: 
I 

-

L~~~~
8
~~~~~

m
~~~C

1 3

where:

R = radius

m = deflect ion at C/2 point

-19-
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Figure 10 - Pressure  versus Deflection Data for Panel No. 377-3/2 , Dry
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SECTION III - DETAIL FACTUAL DATA GER-1 1855

C = chord lengt ..h (29 .  50 constant)

L arc  length in inches

- The radius was calculated using the following formula:

2 2C + 4 mR =L I  8m

- where

R radius in inches

C chord length(29. 50 constant)

m deflection A C/2 point (Pin No.
15 on f igures)

To obtain true “ rn ” subtract measurement given on figures at Pin No. 15

from 4. 750 inch dim ension .

Example

I m = 4. 750 - 2. 000

= 2 . 7 5 0

Li The compiled data for the dry test , expressed as pressure  versus per-

cent elongation, is g ive n in Table IV.

The calculated burst pressure  for the five specimens is also listed in

Table IV and is based on the calculated ultimate strength of the panels
Ii and the average ultimate elongation of the reinforcement material ob-

- tam ed from test.

The following formula was used to obtain the arc length (in inches) at

ultimate elongation:

r where 

L = C E

C = chord leng th(29 .5O in. )

[I E = ultimate elongation in percent
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SECTION UI - DETAIL FACTUA L DA TA GER-11855

To find the deflection at the midpoint of the arc length it is necessary to
solve for the chord length of one half the arc length.

The following formula was used to dete rmine the 1/2 arc  length chord:

d~~~~
3L

~~~~8

where

d = chord length of L/2 (in. )

L = arc length (in.)

C = chord length (29 .50  in. )

The maximum deflection at burst was calculated using the following

formula:

2
m d2

~~ ~~

1] where

m = deflection at center (in. )

• d chord length of L/Z (in.)

C = chord length (29 . 50 in. )

2Using the new deflection dimension R = C + 4rn /8m the burst
pressure  can be calculated using the following formula:

2S

L. where

P = burst  p ressure  (psi)
2

S = stress (ultimate) taken from
Table U

R = radius at maximum deflection

I-i
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SECTION UI - DETAIL FACTUA L DA TA GER-1l855

The percentages of elongation obtained are considered average . As each
panel completed the sequence for the dry test , it was submerged in
f resh  water to soak for a minimum of seven days. Past experience has
established that synthetic f ibers  soaked in wate r experience their great-
est change within the f i rs t  48 h r .  Because the wet tests were time con-

suming, the soak period for the panels varied f rom 8 to 38 days. How -

eve r , tests conducted by Goodyear on synthetic fibers , exposed to
5000 psi in simulated sea wate r ove r a period of 763 days , revealed tha t
polyeste r f ibers still had 96. 5 percent of their quick-break strength afte r

this period of soaking. Therefore the variation in soak time on these

panels was considered to have little or no effect on the end test results .

The deflection measurements  are shown in Figures 11 through 15 for
Panels No. 374-2/2 , 374_ 3/2 , 374_4/2 , 376-3/2 and 377 -3/2 respec-
tively.

The comp iled data for the wet test , expressed as p ressu re  versus  elon-

U gation , is given in Table V.

The percentage of elongation was calculated as defined for the dry test .

• 
- No attempt was made to establish the burs t  p ressure  in the wet condition.

The percentage of elongation in the wet condition increased only 0. 28 to
0. 66 percent ove r the dry test.

In Table V the percentage of horizontal elongation unde r prolonged con-
ditions at 50 psi is given in the f i r s t  three columns which show elongation
at the end of 24 , 48 and 144 h r .  Horizontal data only are given because

they are the highest values.

In all cases except one , the percentage of elongation at the end of 48 hr

was equal to the elongation at the end of 144 hr .  The calculated radii at

50 psi after  144 hr on Panel No. 374_ 3/2 are 39 .073  in. and 39. 274 in.

for the horizontal and ve rtical respectively . The s t resses  involved are
976.82 lb/ in, and 981.85 lb/in, respectively. These stresses , when

compared to the ultimate s t rengths  given in Table II , were found to be

-26-



. .
~ 

- 
- - - —

~~~
.

L .2.~~~~ 1 1 Z 3 4 5 G I 7 i 8 9 I O ~~~~~I~~~~tZ~~~~~~~1l 4 1 1 5 16 t~ t8 I

‘ 4 lS ~~ 3 858 2.19 2 344. 2 ~00 12,9 I i  I 70.6 I se’ 1 453 I 344 I 250 I 88 51. I 25 I 15 85 I
F 42.50384, 3 234 2. 812. 3 500 2. lbS I 953 I (50 2 562. 1 40<, I Z37 1203J 1 I5(~jj I05 I 094 094 I 4 ‘88

I 
I; 

I3 4 I5 7

~~~~~~ ~~~~~~ ~~~~~~ ~~ ~~ T ~~ ~~ 75 ~~ ~~ 7i ~~~ 7T
‘~ ‘ 4.266 3.875 3.526 3.2032,953 2.734 2.547 2.392 2,266 2,272 2,078 2.0(1 2 ,969 1.922 2.922 1.938 2,0002.047 2.
‘B’ 4.406 4.0/6 3.672 3.359 3.09’ 2.859 2.656 2.500 2.3592.250 2.24l 2.078 2.0/6 1.984 1.969 1.984 2.000 2.063 2.2
‘C’ 4234 3 844 3.484 3.172 2.922 2.698 2.484 2.328 2.203 2.094 2.OOC 2 .922 1.891 1.844 1.859 2 .859 2.9382.000 2.2
.0’ 4.328 3.984 3.641 3.313 3.047 2.8/ 3 2.594 2.438 2.28 2 2.166 2.078 2.000 /.953 / 906 2.375 2.875 2.906 2.969 2.
‘E’ 4.172 3.750 5.375 3.047 2.766 2. 532 2.344 2J72 2.031 1 .922 1.613 .750 2 .703 2 .656 2 .656 2.672 2.750 - .813 I~
F 4.313 3.953 3.578 3.234 2.96’. 2.734 2.8 /6  2.3282. 172 2.047 2. 938 I.85911.766 / 750 1,703 2.703 I.7501I.79 7 1/ .

~
s
~~1: I 

—

I I  1 1 1 1 1  I I I I I
I 2 3 4 5 6 7 8 9 :0 I I  22 IS (4 15 6 Ii IS

L - 

.. - - . - . .
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- — —------ —‘------ ~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ —~~~~



_____________________________________________________________________________ — .—- -- .- .

SECTION UI - DETAIL FACTUAL DATA GER- 11855

(9 20 Z% - 
24 2 ’

~~~~ 
- 

27 2.8 29 ~ FL AN~~~ PRES5 UR~ T

4O0.~~~453~~~~3I I~~ 2.5 
797 I 9

~~~~~~~~ 04 2 1 1 3  3o~23 W~~~
”

~~~ ~ ‘~~ 
~~~~ ~~~~~~~~~ ~~~~~~~ ~~~~~~~ ~

I IS  88 I ~O 344 L453 I 534-1781 2. 000 Z~ O a S ~ 2 891 3 231 61  N 
_______.0 9 4 1 , 141 1 .188 I .Z6I. I.375 ‘~~~ ‘ l .703 I .S3u 2.I~ 53.40<,~~734 3 I4~ 3.59414iZ5 ’

LINE OF

- 

~~~~~~~~~~~~~~~~~~~~~~ 

7” ?AI~EL

I . -+ - ~~~~~~~~~
:6 17 IS 13 2.0 2? 22 Z~ ~4 25 Zr, 2.7 28 as LIM E

Figure 11 - Pressure  versus  Deflection Data for Panel No. 374_2/2 , Wet
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Figure 12 - Pressure versus Deflection Data for  Panel No. 374-3/2 , Wet
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Figure 13 - Pressure  versus  Deflection Data for  Panel No . 374 -4/2 , Wet
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Fi gure 15 - Pressure  versus  Def lec t ion  Data for  Panel No. 377-3/2 , Wet
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I SECTION HI - DETAIL FACTUAL DATA GER-11855

only 6.71 and 5.99 percent of the quick-break strength . Goodyear has
neve r conducted time -load tests at such low loads on any type of syn -.

- . 
thetic f iber .  The lowest loading eve r used was 60 percent of the quick-

— break strength , and it was found that polyeste r fiber could car ry  60 per - .
— cent of the quick_break load for ten years .

-‘I
— Goodyear ’ s test facility was not equipped to subject the panels to burs t

pressures.

S.

6. PHYSICAL PROPERTIES OF ELASTOMER COMPOUNDS

The physical properties of the elastome r compounds that were used to

-- make both elastomer panels and elas tomer-re inforced panels are  given ,
for reference  purposes , in Table VI. Pertinent properties of sea wate r

are also listed for comparison.

• 1 - ~~~~ TABLE VI - PHYSICAL PROPERTiES OF

ELASTOMER COMPOUNDS USED IN ACOUSTIC PANELS

-1 Water
Acou s tic Tensile 300 absor ption

Material Velocity, impedence , - s t r e n gth. percent compression Tear in 48 hr
Com pound c at 22 C Density , p pc (grams! ult imate modulus Durometer set  resistance at 25 C
fl uthber (cm/sec) (grams /cc) sq cu/sec) (psi) (psi) (Shore A)  (percent) (lb/ in ,) (percent)

~
‘ L natural 

154, 000 0 .98  151 , 000 2 , 200 .18,0 37 62 165 , -

rubber,

- gum

T813 157 ,000 1.10 172 , 700 3, 600 1 , 750 38 18 - . . 0 .8
—— natural

rubber ,
black

0 265 - . . 1.01 . - . 3, 000 1 , 630 50 , , - - . . 1, 0 1

L na tu ra l( rubber ,
black

Ure thane 156 ,000 1 .107  172 , 700 5 , 000 2 , 400~ 90 - - - . . . .

1 , 150 ’

Sea water 156 . 500 1.03 161 , 200 - . . . . . . - . . . .

400 percen t .

‘200 percent.

‘ I
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Copies of References 1, 2, and 4 are included in the following pages as Ap-

pendixes A , B, and C,respectively.
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Departmci~t of the Navy, Office of Naval Research WLP/hs
USN UNI)I~R~VATER SOUND REFERENCE LABORATORY Ri~-271 1
P. O~~~~~~~~~~~ r~~ndo. Florida 

- — 
_~_ tj~q4_—

CALIBRATION REPOR T No. 2218

SubJ: Goodyear Elastomer panels Code Numbers 375-3/2, 378-3/1,
-

~ 

f r and 830; measurements on

Ret: (a) Goodyear Aerospace Corp. ltr WS-5053 of 11 Feb 1964 and
I3USHIPS endorsement N Obar 91005 8cr 688E-119 ci 4 Mar 1964

a. (b) Goodyear Tire rind Rubber Co. h r  Ref AQH164-141 of 20 Jul 1964
(c) USRL Calibration Report No. 2131 (RP-267’l) of 3 Feb 1964

-- (d) USRL Calibration Report No. 2215 (RP-271 1) of 22 Sep 1964
4 S.

End : (1) Table 1

1. Three reinforced elastomer panels were evaluated for Goodyear Aero-
space Corp. and Goodyear Tire an-i Rubbcr Co. as requested ani authorized

- - by references (a) and (b) in connection with contract NOb~r 91065. Two oi
the panels were 5 ft square , having been cL&t from the 6-ft-square panels
evaluated in January 1964. The results of that evaluation were reported in
reference (ci. The third panel , Code No. ‘8301 was 6 ft square and had not
been submitted for evaluation previously.

2. The effect o~ hydrostatic pressure on the transmission of the 30-inch
samples, reported in reference (d), indicated that the best results are

-- obtained whon maximum hydrostatic pressure is on the samples. Because the
5-ft and larger panels could not be tested in the anechoic tanK, they were
lowered to the ~naximum test depth in the open-water facility, placing the
centers of the panels at the depth 20 feet. The panels were soaked (or more
than 12 hours before acoustic measurements were made.

3. The results of the measurements are shown in table 1, enclosur e (1). The
transmission lose at low frequencies was too small , to be mea3ured; the nota-
tion ” tO. 5” indicates a value between 0.0 and 0. 5 dB that could not be deter-
mined accurately because of the nature of the data . The measurements were

—
~ ~ 

extended to t h e  fr equency 60 kc where the transmission tosses were sufficiently
~ I high to indicate that measurements at higher frequencies would be of little

vaLue. The test transducer arrangement at this greater -than-usual depth
2 lizr ited the p~eas’.irements to those for normal-incident øound, The effect of

Increasing angle of incidence was shown in reference (c) to be essentially
equivalent to more loss through a greater thickness of material.

H i

it’
-34-



USRLI Calibration Report No. 2218 5 Oct 1964

- r 4. Rpflection measurements were not made because it has been shown pre-
viously fo— ti ese n~aterfrls that under condittons of high tran~n~isaion (low

-- loss), only 1 to 22L of the incident sound energy is reflected.

L W . L. PAIN E

Copy to:r BUSHIPS (Code 688E)(1)
Goodyear Tire & Rubber Co. (G. A. Steffensen,

bept. 474 -F)(~)
SUPSHLPS (Tech. Libr . Code 249)(Groton)(1)
USRL (200)(1)

a.

S.

L

U

I
I
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USRJ. Calibrat ion Report No. 2218

L 
Project No. RP-27 11

Table 1

1 TRANSMISSION LOSS
(in decibel ,)

Normal-Incident Sound
• ,  Temperatures 27°C

Pressures 8.7 psig at pan.l centei

GOODYEA R REINFORCED ELASTOMER PANELS

I -- Panel Cods N
I -  Freq - _ _ _ _  _ _ _

i .. (kc) 375-3/2 373-3/1 830

r 2 <0.5 <05  <0.’
1. 4 <0.5 <0.5 <0.~6 <0.5 <0.5 0.7

- -_ 8 <0.5 0.6 1.u

10 <0.5 0.8 1.3
-. 12 ‘-0.5 1.4 1.5
1 14 <0.5 1.9 1.7

16 0.6 2.5 2.2
18 0.8 2.7 2.5

20 1.0 3.3 3.0
25 1./. 4.2 3.7

F 30 1.6 4.1 4.!.
35 1.8 3.7 5.2

r 40 2.6 3.6 6.2
S 15 3.5 3.4 7.3

50 4.5 3.3 8.6
- 1 55 5.0 3.2 10.0
4.

60 5.5 3.2 11.5

L
‘Panel 375—3/2 was 5 ft square, 1-5/8 in.
thick , cord-reinforced~ cord ex posed at
two cut edges. The original 6-ft-square
pane l was No. ~75-3.

U Panel 378-3/1 was 5 ft square , 7/8-tn. thick ,
steel-reinforced; .teel exposed at two cut
edges. The origina l 6-ft square pane l was

U No. 378-3.

Panel 830 was 6 ft square , 1-7/8 in. thick
corn -reinforced; cord exposed on four cut

- 
[ edges.

-36-
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I MEASUREMENTS ON GOOD YEAR ELASTOMER-COA TED
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Department of the Navy , Office of Naval Research CRB/hs
USN UNDERWATER SOUND REFERENCE LABORATORY RP-2677

- 

- -  
P. 0. Box 8337, Orlando, Florida 32806 3 Feb 1904

CALIBRATION REPORT No. 2131

Subj: Goodyear elastorner-coated reinforced panels; measurements on

Ref: (a) Goodyear Aerospace Corp ltr WS-4916 of 15 Nov 1963 to BUSHLPS
(b) BUSHIPS ltr NObsr 91065 Ser 688E-537 of 16 Dcc 1963

End : (1) Tables 1 through 10

.. 1. Seven elastomer-coated cord-reinforced panels, one elastomer-coated
metal-reinf orced panel, and one gum-rubber panel were evaluated for the
Goodyear Aerospace Corp. as requested in reference (a) and authorized in
reference (b) in connection with contract NOber 91065. The 6 x 6-ft square
panels are described in Table 1, enciosur e (1).

2. The transmission loss of each panel was measured at 50 intervals by an
“Insertion loss” method at orientations from - 00 to 450 measured from a tine
normal to the test panel at the center. The results of these measurements are

•. shown in Tables 2 through 10. For measurements of this type the accuracy is
±0. 2 dB. The dimensions of the panels allowed the use of continuous -wave
sound at low frequencies, where pulsing is not practical.

3. At the request of Mr. Theodore Undcrwood, Goodyear representative, the
transmission loss was measured on panel serial 377-3 with each side of the
panel facing the sound source . The difference was negligible.

4. Reflection from panel serial 265-0, which had a low transmission loss .~t
all frequencies and angles, and ser ial 377-3 which had the highest transmis~ion

- ~ loss per inch thickness of the cord-reinforced materials, wü measured over
the fr equency range 5 to 20 Icc by both continuous~wave and pulsing techniçucs.
The results by the two methods -were substantially the same, and the reflection
varied from 29~ of incident-soun d intensity for panel 265-a to 7~ for panel
377-3. Measurements were limited to normal incidence and frequencies above
5 ~cc by panel size. The reflection did not appear to be a function of frequency.

- 

- 5. Reflection measurements on th e remaining seven panels could not be made
in the-time scheduled for these tests, and because of other priority work.

6. On the basis of paragraph 3 of reference (b) the data reported here are
unclassified.

CFSARLES R. BOBO
Acoustic Calibration Division

— - Copy to:
BUSHIPS (Code 688E)(2)

L 
- Goodyear Aerospace corp. (H. Boyd) (2)

Ii ~ Goodyear Tir e and Rubber Co (T. Underwood)(1)
USRL (200)(1)
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~ is USRL Calibration Report No. 2131
Project No. RP—2677

Table 1
- 

PANEL DESCRIPTION*

Goodyear Elastomer- Panels

• Thickness
Panel No. (inches) Reinforcement

265..O** 1—3/4 none

:: ~~~~~~~~ 1—7/8 cord

374—2 1.3/16 cord

- 374—3 1—3/4 cord

374—4 2—5/16 cord

- 
375—3 1—3/4 cord

- .  376—3 1—5/8 cord

377—3 1—1/4 cord

-- 378—3 7/8 - cord and steel

* Type of elastomer and of cord not
indicated by manufacturer.

** Stated to be gum rubber.
Table 2

I - TRANSMISSION LOSS

~ I (in decibels)

Goodyear Elastomer Panel No. 265—0
Water temp: 15°C

Angl e of Incidence
Freq — -

(kc) 0—45°

2 0.7
3 0.7

1 4 0,7
5 0.7
6 0.9

I i -  7 0.9
IL  8 1.0

9 0.8

E 10 0.9
12 1.0

14 0.6E 16 0.9
18 0.8
20 0.8

-39-
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I.

Table 3

TRAN SMISSION LOSS
(in decibels)

Goodyear Reinforced Elastomer Panel No. 3’73—3
Water temp : 15°C

Angle of Incidence
Freq ~~~~~~~~~ 

-—- ------ -----

(kc) L0 25° 40° 45°

2 1 1.0 1.0 1.0 1.0 1.0 
—

3 1.0 1.0 1.0 1.0 1.2

1.0 1.0 1.2 1.5 1.7

5 1.2 1.2 1.5 1.7 2.1
6 1.3 1.3 1.7 1.9 2.5

7 1.6 1.6 1.9 2.2 2.4

F 8 1.7 1.7 2.1 2.3 2.6
9 1.9 1.9 2.3 2.6 3.0

10 1.8 1.8 1.9 2.3 2.9

12 1.5 - 1.8 2.0 2.5 3.2

14 1.7 1.9 2.1 2.5 3.4
16 1.9 - 1.9 2.3 3.1 3.7
18 1.9 2.2 2.6 3.5 4.5
20 2.0 2.4 3.0 4.1 5.3

L Table 4

- TRANSMISSION LOSS

J (in decibels)

Goodyear Reinforced Elastomer Panel No. 374—2
3 J .  Water temp: 15°C

Angle of Incidence
Freq —--— —-—

S. 
_ _  _ _

- 
2 0.8 0.8 0.8 0.8 0.8• 3 0.8 0 ,8 0.8 0.8 0.8

- 
- .

~ 4 0.8 0,8 0.8 0.8 0.9
5 0.8 0 ,8 1.1 1.3 1.4

— 6 1,2 1.2 1.4 l . ?J l . 9
£ 7 1.2 1.’ 1.5 1.7 2.0

8 1.5 1.5 1.7 1.7 1.9
9 1.5 1.5 1.7 1.8 1.9

- 

-
- 

10 1.4 1.5 1.7 1.9 2.1
12 1.4 1,6 2.1 2.3 2.5

~ 14 1.0 1,2 1.7 1.9 2.2
£ 16 1.2 1.4 1.5 2.0 2.3

18 1.0 1.2 1.8 2.2 3.0

I L 20 ‘
~ ~~•5 j l .8 ~~~~~~~~ -40-
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~ 1 Proj ect No. RP—267’7

Table 5

TRANSMISSION LOSS
(in decibels)

I Goodyear Reinforced Elastomer Panel No. 374—3
Water tempt 15°C

Angle of Incidence
- 
. Freq

- (kc) 0-20° 25° 3~~0 350 400 450

2 1.0 1.0 1.1 1.4 1.5 1.6
3 1.0 1.0 1.2 1.4 1.5 1.6

- 
- -  

4 1.0 1.0 1.2 1.4 1.5 1.7
:1 5 1,0 1.3 1.3 1.? 1.8 2,1

6 1,2 1.4 1.6 2.0 2.2 2.5
7 1,4 1.6 1.8 2.3 2.4 2.7

- -  8 1e7 2.3 2.4 2.6 2.8 3.2
9 1.8 1.8 1.9 2.3 2.~ 3.2

10 1,? 1.8 1.9 2.2 2.3 2.5
12 1,2 1.7 1.9 2.4 2.4 2.8.. 14 1.2 1.5 1.7 2.3 2.5 3.1
16 1.7 1.7 2.2 2.5 2.9 3.6
18 I 1.7 1.8 2.4 2.8 3.5 4.2

-- 20 J 2.1 2.2 2.6 3.1 3.7 4.5

Table 6

I TRANSMISSION LOSS
I •_ (in decibels)

I Goodyear Reinforced Elastomer PaneL No. 374—4
Water tempt 15°C

1. Angle of Incidence p
Freq
(kc) 0_200 25° 300 350 400 h-

2 1,0 1.0 1.0 1.1 1.2 1.3
3 1.0 1.0 1.0 1,2 1.4 1,6
4 1,0 1.2 1.3 1.6 2.0 2.2
5 1.0 1 .5 1.7 2.0 2.5 2.8
6 1,4 1.8 2.0 2.4 2.8 3.2t 7 1.7 2.0 2.2 2.6 2.9 3.4

- - 8 1 .9 2.1 2.2 2.6 3.1 3.4
9 2.1 2.4 2.5 2.8 3.2 3.7

- T 10 2.3 2.6 2.8 2.9 3.3 3.9
— 12 1.6 2.2 2.5 2.9 3.4 4.0— 

14 1.3 1.7 2.0 2.6 3.3 4.1
16 1.4 1.8 2.2 2.5 3.4 4.4

1. 18 1.8 2~3 2.7 3.4 4.1 5.0
-

- 
1 20 2,1 2.5 2.9 3.7 5.0 5.9

(I 
—

~~
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Table 7

TRANSMISSION LOSS
(in decibels)

Goodyear Reinforced Elastomer Panel No. 375—3
Water temp: 15°C

Angle of Incidence
Freq — —

~~~~ _ _  

350 ~~~~~~~~~~~~~ 45°

• 2 0,5 0.5 0.6 0.6 0.6
3 0.5 0.5 0.7 0.7 0 ,8
4 0.5 0.6 0.8 0.8 0.9
5 0.6 0.6 0.8 1.0 1.2
6 0.7 0.8 0.8 1.0 1.2
7 0,8 0.9 1.0 1.2 1 ,4
8 1.0 1,1 1.1 1.3 1.5
9 1,3 1.4 1.5 1.6 1.8

10 0.8 0.9 1.1 1.3 1.8
12 0.8 1.0 1,3 1.7 2.2

- - 14 0.7 1.0 1.3 1.9 2.6
16 0.7 1.3 1.6 2.4 3.5
18 0.8 1.4 1. 7 2.4 3.5
20 1 .2 1,8 2.0 2.9 3.8 

___ L____ _______

- ;
- 

Table B

TRANSMISSION LOSS
(in decibels)

Goodyear Reinforced Elastomer Panel No. 376—3
Water temp t 15°C

- .  1 Angle of Incidence

~ 0.6 O~7 0,7 0,8
- 

- 3 0.6 0.7 0.7 0.9
4 0.7 0.8 0.9 1.1

-‘ 5 0.7 0.9 1.1 1.2
6 0.9 1.0 1.2 1.6
7 0.9 1.1 1.3 1.6
8 1.0 1 1.3 1.4 1.7
9 1.0 1.4 1.6 1.8

10 1.1 1.4 1 1.6 1.8
12 1.1 1.4 1.6 2.0
14 1.1 1.4 . 1.5 2.1

• j , 
16 1.3 1, 6 2.0 2.4
18 1.3 I 1.6 2.0 2.6
20 1.4 1.7 2.4 3.0

- - T —— —--
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i-I
Table 9

TRANSMISSION LOSS
(in decibels)

- - 

Goodyear Reinforced Elastomer Panel No. 377—3
-

• 
.. Water temp: 1~°C

- Angle of Incidence
Proq —-— - 

~

- • .. 
~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — —j

- -  

2 0,7 0.7 0,7 0.8 0.~ 1.0
- 3 0.7 0,7 0.7 0.9 1.0 1.0

4 0 ,7 0.7 0.9 1.2 1.4 1.6
5 0.8 0,8 1.2 1,4 1.6 1 ,9

- 
6 1.3 1.3 1.5 1.8 2.4 2.7

- - 7 1.5 1.5 1.7 2.1 2.3 2.7
8 1.6 1.6 1.9 2.8 2,8 3,1
9 1,6 1.6 2.2 2.2 3.0 3.1

10 1.6 1.6 1.8 2.0 2.4 
1 2.9

12 1.2 1 ,4 1.8 2,1 2,6 ~3.2
14 1,4 1.4 1.2 1.9 2.4 3.0
16 2.0 ~,2 2.3 2.7 3.1 3,8

- - -- 18 2.2 ~.3 2.7 I 2.9 3.7 4.5
2.2 2.4 2.7 3.1 3.7 4.8

- -  
Table 10

TRANSMISSION LOSS
(in decibels)

Goodyear Reinforced Elastorner Panel No. 378—3
-- Water temp t 15°C

Angle of Incidence I
Freq — ~~(kc) 0_200 25° 3~ o 

1
350 j 400

_
450

- 
— —---.~~ _____

2 0.6 0.6 0.6 0.6 0.6 0.6
3 0.8 O.~ 0.8 0.8 0.8 0.8

I 4 0.9 0.9 0.9 0.9 0.9 0,9
5 j 0.9 0.9 0.9 0.9 0.9 0.9
6 - 1.1 1.1 1.1 1.1 1.1 ‘ 1.1

I 7 1.3 1.3 1.3 1.3 1.4~~1.5
8 1.4 1.4 1.4 1.4 1.5 1.6
9 1.7 1.7 1.7 1.7 1.8 1.9

1 10 1.7 1.7 1.8 1.8 1.9 2.1
— 12 2.0 2.1 2.2 2.2 2.3 

j 2.4
14 • 2.2 2.3 2.3 - 2.3 2.4 2.6L 16 3, 0 3.2 3.3 3.4 3.7 4.0
18 3.5 3.6 : 3.6 

- 3.9 4.2 4.6
20 3.7 - 4,1 - 4.3 4.5 5.0 5.2

I - - -
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APPENDIX C - USRL CALIBRA TION REPORT NO. 2215

MEASUREMENT ON GOODYEAR ELASTOMER PANELS;

CODE NUMBERS G265-O/ 1,  373-3/ 1, 374-2/ 1,

1 374-3/ 1, 374-4/ 1, 375-3/ 1, 376-3/ 1 ,

— 377-3/ 1, 4799_ 0/ 1 , AND T 113-0/ 1
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CALIBRATION R~ PO.~T N~. 2215

- - Subj: Goodyear Elastoiner Panels Code Nos. G265-0/ l , 373-3/1, 374-2/1,
374-3/1, 374-4/ 1, 375-3/1, 376-3/1, 377-3/1, 4799-0/1, and
T113-0/1; uieasurementa on

Ref : (a) Goodyear Aerospace Corp., ltr WS-5053 of ll Peb 1964 with BUS~~~S
endorsement NObsr 91065 Ser 688E-119 of 4 Mar 1964

(b) Goodyear Tir e and Rubber Co. ltr Ref -AQI~I764-141 of 20 Jul 1964
(c) USRL Calibration Report No. 2131 (RP-2677) of 3 Feb 1964

End : (1) Photograph USRL EXR 1-1903-8-64
(2) Tables USRL 1 through 3

1. Seven cord-reinforced and three nonrelnforced elastomer panels were evalu-
ated for Goodyear Aerospace Corp, and Goodyear Tir e and Rubber Co. as re-
quested and authorized by references (a) and (b) in connection with contract
NObsr 9108~ . The panels were 30 inches square, having been cut from the 6-ft-
square pane s evaluated in January, 1964. The results of that evaluation were
reported in reference (c). The purpose of the investigation by Goodyear is to
pro&ce reinforced elastomers with high tensile strength but low acoustic tr ans-
mission loss.

2. The initial test results, reference (c), indicated that additional measurements
at fr equencies from 20 to 150 kc would be of value. The higher frequency range
wciu.ld permit the use of smaller samples and a1~so make it possible to conduct
tests In the USRL anechoic-tank at hydrostatic pressures to 1000 psig and at

- 

— ‘. temperatures other than ambient. By endorsement to reference (a) the Bureau
of Ships requested that measurements be extended even higher, to the frequency
350 icc, and to low temperatures.

3. Enclosure (1) shows a panel rigged for tests in the anechoic tank. The probe-
type hydrophone Is placed 34 cm in front of the panel for reflection measurements- 

-
~ and is repositioned to 3 cm behind the panel for transmission measurements.

- - The size of the panel limits the lowest frequency for valid data to about 10 kc and
to nor mal-incident sound . - Panel descriptions are in table 1 of enclosure (2).

4. The results of the measurements on the reinforced panels are shown in
table 2, enc~osure (2). At 0 psig, the transmission loss at frequencies of 10 kc
and higher depends on prior treatment of the panels. Cleaning the panels with
aerosol solution and soaking at shallow depth to eliminate surface-adsorbed air
br~ore m~kirig acoustic tests was not adequate, as is shown by the Large trar~-mi~~ ion losses in the first part of table 2. Increasing the hydrostatic pressur e
to 1000 psig iecreased the transmission loss to nearly-im~nieasurabie va1ue~ at
ire~ucnc1es. below 30 kc. (The notatIon “<0. 5” Indicates a value between 0.0 and
0. 5 dB that could not be determined accurately because of the nature of the data. )
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— - The t ~~~LbiOfl lo~~~~ foliowing release o~ hydrostatic ~:&~ sur e wsr e rL.~~~,
varAa~i~, ~~~ repcat 4.ble, and generally increased with tin-.e to appro~imatcly
the Large initial loss at 0 psig. A special test on panel 374-2/ 1 r~vcaled that

-
~ 

- soaking the panel for 15 hours at the hydrostatic pressure 10 paig resulted in
transmission losses at 10 paig that were almost identical with the losses
measured when the sample was, tested at 1000 psig. It was not poBalbie to r etest

- - the other panels because of other scheduled work; it is expected that the tests
wilt be made at a later date.

- - 5. The mca8urementa at frequencies above 150 kc were made first, before sub-
sequent teals revealed the effect of hydrostatic pressure. These data, taken
with the panels in & 4-it-deep open tank at room temperature with only 2 feet of

- - water head (I psig) on the panel, have Little significance other than to show the
large transmission losses that may -exist under certain conditions. The trans-

— mission los-s at the frequency 350 kc, extrapolated from the measured losses
- 

in the region 50 to 150 kc at the pressure 1000 psig, varies from 4 to more than
10 dB for the differ ent panels.

I.

- 
6. The results of measurements on the nonreinforced paneLs are shown in
table 3 of enclosure (2).

7. Under condItions of high transmission ~c~/loss), reflection measurements
Indicate that only 1 to 2% of the incident sound energy is reflected .

&~. This report has been prepared and released to snow that nonreinforced
elastomers have low transmission losses at low frequencies , but that the con-
ditions of use and/or test affect the transmission 1088 of reinforced - elastomers
of the type tested.

W.L. PA1NE
- 

- 1. Copy to:
-
~~~ BUS~ IPS (Code 688E) (1)

- Goodyear Tire A Rubber Co. (G. A. Steffensen,
Dept. 474-B)(1)

SU?SXEL’S (Tech. I4br . Code 249) Groton (1)
- r USRL (Code 200) (1)

1
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I Table 1
S.

- - 
PANEL DESCRIPTIQN*

Goodyear Elastomer Panels
Sizei 30 x 30 inches

— 
~
- Thickness

Panel No. (inches) Reinforcement
G265-0/1 1-3/4 non.

373-3/1 1-7/8 cord

374-2/1 1—3/16 cord

- - 374-3/1 1—5/8 cord

374-4/1 2-1/4 cord

- - 375-3/1 1-5/8 cord

376-3/1 1-1/2 cord

377-3/1 1-1/4 cord

4799-0/1 2 none

1113—0/1 2 
— 

none

• Typo of elastomer ano of cord not
1ndicst.d by manufacturer, except
that composition of 0265—0/1 was
stated to be gum rubber. First eight
panels were cut from 5 x 5—f oot panels.
Se• reference (c). Last two panels not

- 
previously suI~~itted.

S.

t
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.. US.~. C&1~bration ~eport No. 2215
Pr3j oct ~o. RP-2711

Table 2a.

- - TRANSMISSION LOSS
(in decibels)

- -  
Norma1-Incjde~t Sound

GOODYEAR REINFORCED ELASTOMER PANELS

- - - Panel Cod. No.
- Temp Pres~ Freq - - - -r(oc) (psti~) (kc) 373-3/1 374-2/1* 374-3/i13V.-4/1 375-3/1~3?6-3/1-t377-3/1

25 
- 

0 1Ô 0.6 <0.5 <0.5 0.8 <0.5 <0.5 0.7
15 1.0 <0.5 0.8 1.3 <0.5 <0.5 1.120 1,8 0.6 1.2 1.9 0.8 0.5 1.7
25 2.2 0.9 1.8 2.2 1.1 0.9 2.0

- 
~
. 

30 2.6 1.1 2.0 3.0 1.4 1.0 2.5

40 3.0 1.8 3.0 4.4 2.3 1.5 3.5
50 3.4 2.5 3.8 6.0 3.3 2.0 4.8.. 75 7.0- 4.8 8.2 14.0 6.0 3.8 7.5

1 — 100 10.5 7.0 11.5 16.0 9.5 ! 5.2 12.5
125 13.5 9.2 14.5 17.0 13.0 1 7.5 25.0

— 150 15.0 12.0 17.0 22.0 17.0 11.0 29.0
200 >30.0 18.0 >30.0 >30.0 >30.0 18.0 >30.0
250 >30.0 27.0 1>30.0 >30.0 >30.0 25.0 ~>30.0

1 
- 

3~~~~~ 
>30.0 29.0 >30.0 >~0.0 >30.0 27.0 ~)30.0

350 >30.0 >30•O >30.0 >30.0 >30.0 >30.0 1>30.0

L 25 1000 10 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
<0.5 <0.5 <0.5 <0.5 <0.5 - <0.5 <0. 5

r 20 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
25 0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
30 0.6 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5

0.7 0.6 <0.5 <0.5 0.7 0.6 0.6
0.9 0.9 <0,5 0.? 1.1 0.8 0.9

-J 1.3 1.0 0.9 0.9 2.1 1.2 1.0
- - - 100 1.9 1.5 1.2 1.7 3.2 1.6 1- 1.6

125 2.2 2.0 1 2.2 3.0 5.0 2.6 2.0

r 150** 2.8 3.0 4.0 4.0 6.2 3.2 2.4
L 0 10 o.8 <0.5 <0.5 <0.5 0.5 <0.5 1.0

15 1.2 0.5 1.0 1.1 1.0 1.1 
- 1.3

1 
20 1.7 1 0.7 1.8 1.7 1.6 1.2 I 1.3
25 2.3 0.7 2.0 2.2 2.1 1.5 2.2
30 2.5 - 0.7 

- 
2.1 2.4 - 2.4 : 1.7 - 2.5

L 

— —---- - —u-— — - —---— - -----—-—+ —-- I
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USRL Calibration Report No. 22~~
Proj ect No. RP-2711

I. Table 2 continued)

TRA NSMISSION LOSS
(in decibels)

Normal-Incident Sound

GOODYEAR REINFORCED ELASTOMER PANELS

r ~
--‘1 - ——— - — - --—-— - — — - - - 

- ;

¶ Panel Code No.
‘ Temp 1Press Freq h-----— 

~~~~“T —

~~~~~~~~~~~~~~~~~~

“ 

~~~~~
•‘ --

(°C) (psig) (kc ) 373-3/1 374-2/1*~374-3/1 374-4/1 375-3/1 376-3/1 377-3/1 -
I -~~~~~~~~~~~~~• - • - -• - • - - - ~~~~-~~ -~ - j - ~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -----i

4 0 40 3.1 0.8 2.7 3.2 2.6 1.9 3.0
50 3.7 0.8 3.8 4.4 3.0 2.2 3.5

- 75 7.7 1.2 8.0 7.7 7.0 4.2 7.3
100 11.0 1.3 12.0 12.0 11.0 , 1i.C

1.. - 

125 14.0- 2.5 18.0 18.0 13.0 7.8 16.0

H 150 15.0 3.6 1 20.0 19.0 17.0 11.0 23.0

4 1000 10 <0.5 <0.5 <O.~ <0. 5 <0.5 <0.5 <0. 5
- 15 <0.5 I <0.5 <0.5 <0.5 <0.5 <0.5 0.7

- 20 0.5 1 <0.5 <0.5 0.5 : 0.8 <0.5 0.9
25 0.9 <0.5 0.5 ‘ 0.7 1.2 <0.5 1.0

- 30 1.0 <0.5 - 0.7 0.7 1.2 - 0.5 1.0

Li 40 1.1 <0.5 0.7 0.8 1.2 - 0.6 1.1
50 1.2 0.9 0.7 0.8 1.3 0.8 1.1

1-~~ 

- 

75 1.4 1.0 1.3 1.4. 2.9 - 1.4 - 1.3
I i~ü I 1.6 1.2 l 2.2 2.0 4.2 1.5 - 1.6

-. 

~125 2.3 2.2 3.0 3.5 5.4 1.7 2.1

[ L__I _ .. I1~***1 ‘ 3 3  
~~~~~~~~~~~~~~~~~~~~~~~~ 

7.2 3 5  . 3 3

- - * Pressure maintained at 10 psig for 15 hours while being cooled from
1. 25 to 4°C before measurement at 0 psig

- - 
** Not measured above 150 kc at pressures other than 0 psig

*** Not measured above 150 ~cc at temperatures other than 25°C

‘~ Ii

j _

~



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

• ~~RL librdt~..or. ~c~.ort ~c. ~~.

Project ~o. R~’-2711
I Tab le 3

- 
- - TRA NSMISSION LOSS

(in decibels)

- - 
Normal-Incident Sound

GOODYEAR NONREINFORCED ELASTOMER PANELS

1~ 
f Panel Code No.

j ‘ Temp Press Freq —

• (oc) 
- 

(psig ) (kc) 
- 

G265-O/1 4799-0/1 ~O, 1
- 

25 0 10 <0.5 <0.5 <0.5 
- 

-

1. 15 <0.5 <0.5 <0.5
20 <0.5 <0.5 <0.5

. -  - 25 <0.5 <0.5 <0.5
30 <0.5 <0.5 <0.5

- - 
40 <0.5 <0.5 <0.5
50 <0.5 <0~5 0.5

1. 75 <0.5 <0.5 0.6 -

100 0.5 0.5 0.7
125 0.7 0.5 0.8

1 150 1 0.9 0.6 0.9
- 

7~ 
200 1 1.1 0.6 1.0

I 250 1.3 0.8 1.5
300 1.5 1.0 2.0

- 
j 350 2.0 1.2 2.5

1. 25 1 1000 10

150~ All values <0.5

6 0 10 <0.5 <0.5 <0.5
15 <0.5 <0.5 <0.5- - 20 <0.5 <0.5 <0.5

1. 25 <0.5 <0.5 1.0
30 <0.5 <0.5 1.0

F- - 

1 40 <O. -~ <0.5 1.0
• 50 <0.5 <0.5 1.0

75 <0.5 <0.5 1.3
!100 0.6 <0.5 1.7
125 0.7 <0.5 1.8

r 
____ _____  

1150 0.8 0.8 2.0 j
U. — _

-50 -
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Taole 3 (cont~rs.ic-d)

TRANSMISSION LOSS
- - (in dicthels~

- I. Normal•Incident Sound

- T GOODYEAR tGNREINFORCED ELASTOMER PANELS

Panel Code lIc.
- Ter~p Press F~-eq

- !. (°c) (psiç) (kc)  0265-0/1 1.799-0/1 Ti 1 3-0/1

4 1000 10 <0.5 <0.5 <0.5
15 <0.5 <0.5 <0.5

- 20 <0.5 <0.5 0.6
25 <0.5 <0.5 1.0
30 <0.5 <0.5 1.0

40 <0.5 <0.5 1.0
I r -  50 <0.5 <0.5 1.1

75 <0.5 <0.5 1.1
100 <0.5 <0.5 1.2

- 125 <0.5 <0.5 1.2

1
• ____  ______  

15C** <0.5 <0.5 2.0

* Not measured above 150 kc at pressures other than 0 psig

** Not measured above 150 kc at temperatures other than 25°C

~~

I
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