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INTR~~ JC TION

1.~i Meterials intended for use in sonar dc~ es are noxi~ 1ly evaluated for
damping and acoustic properties. For example, the sonar dca~ shell imteria].
is evaluated for darTiping propertIes; the acoustic “window ” n~ terial for
transaiss Ion lose; and the bsffies for both anechoic and decoupli ng proper-
tiee. Because these prope rt ies are Important factors in efficient sonar
perforwance, tt ir essential that the activities developing sonar dcmie nm-
teria ls have avaL.able, reliable, naaningtul methods for their evaluation .

2.’~—?reliminaty tnvestt~~tion of test methods available to determine the
damp~.ng and acoustic properties of saterials revealed a lack of standardiza-
tion . The methods used to study these properties were found to vary with
the different investigators . -As a result , it is frequent ly difficult and
scastine iapoa3ible to c~ npsie data obtained by the different activiti es
engeged in this work . In viev of this conditi on, a survey was planned In- ,
references (a) and ~b )- with the object of defining currently used test methods
for evaluating damping and acoustic properties of sonar dc*ne imterials. The
ultinate goal of this work is to develop meaningful, reliable test methods
and to standardize these methods f or use by laboratories evaluating sonar
dose mteriala.

ACKN~~~~~~~€Y~
3. Supervision for this task vms provided by A. Rufolo, Head of the Coatings
~re.nc~ . The program is bei ng conducted under the guidance of Mr. D. Seganish
(Program Menager - 1622E ) of the Nava l Ship Systems Coseand .

V Sfl’S TO LA.BOMTORIES

e. As part of this investigetion , visits were wade by NABL personnel to the
following laboratories to obtain inforwation on currently used teat methods:

a. Naval Ordnance laboratory, White Geics, Meryland
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b. i~ vId Taylor Model Baitn, Carderock, Meiy]aM

o • U.S. Navy Underwater Sound laboratory, Port Trumbull, New London,
Coon.

d. Mere Island Shipyard, Rubber laboratory, VaUej o, Calif ornia

e. Merine Engineering laboratory , Annapolis, Meryland

f • U. S. Navy Underwater Sound Beference laboratory, Orlando, Plorida

g. Stanford B~search Institute, Menlo Part, California

h. Celanese Corporation of America, S~~~it, New Jersey

I. Lord Meriufacturing Ccmpany, Erie, Pennsylvania

j. John llopkins University, ~~ltIznore, Mery].and

k. General Dynamics, Electronics Division, Rochester, New York

1. Nazeltine Corporation , Electro-Acoustics Systems laboratory, Avon,
Mess.

TEST METHODS FOB VARIWS MAITERIAL PR0PER1~IES

5. The test methods studied covered these four properties:

a. VibTSt ion Damping

b . Acoust ic Transmission 1,osg or Insertion Loss

c. Anechoic

d. Decoupling

6. This report contains a short description of the various currently used
test methods together with the activities using these methods.

DA~~ING MP~TERIAL TEST t€TE~)S

7. A damping waterla l is a waterial which when applied to a dynaailcafly cx-
cited structure reduces the amplitude of stru cture borne noise in the struc tur e
by converting sose of the noise ener~ r into heat ener&r .

5
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8. The following test methods are currently used to evaluate damping ma-
ter iath :

a. Beam Method ( reference (c ) )

A steel beam having dimensions of 15” x 1~” x 3/8” or 11.0” x 3” x 3/8”,
is coated with the damping material and set into mechanical vibration as a
free-free beam by an electro- mechan ical shaker. When the excitation is cut

• off , the rate of free decay of the system is used to measure the system
damping. Ii the excitat ion is mainta ined, the frequency response of the
system is used t~) is~re the system damping . In both cases , the me~~anical
response of ~ ie system is dDtained with an acce1erai~ ter. From the response
data , computations are made to assess the effectiveness of the damping material
on a comoara~~ve bar 1~s with other materials similarly tested . A 15” beam
covers a frequency range of 300 to 7500 cpa , ‘whereas a 11.0” beam covers the

• frequency ~ t~-ig~ of 11.0 to 2000 cpa. This method is used by Applied Science
laboratory. ~ tre Is~and Rubber laboratory , and Lor d Menufacturing Co.

b. Disc Method (refe.c’erice (d ) )

~ach me~be~ of a set of discs 3” to 8” diameter , 3/8” thick, is ex-
cited by an Impulse resulting from the blow of a small hai~~~r, and set into
mechanical v-ID Ion . The method of pick-up , processing of the electrical
signal , and de-~erriin at ion of the system damping, is essential ly the same as
the free decay procedure of the beam method . Here again , materials are eval-
uated on a cat~arative basis in te rms of the system damping. The frequency
range covered var ies from 1700 to 11000 cpa. This method is used by Appli ed
Science Laboratory, and Mare Island Rubber labora tory.

c. F~.t~gerald Method ( reference (e ) )

A pe~Lr of srall discs , e.g. -i-” diameter by 3/32” thickness , made from
the material to be tested, is subjec~~d to a shc~aring stress in an apnarRt”s
biown as the Fitzgerald apparatUs. ~.n electrical measuring circu it is
used from whIch the mechanical impedance (force/velocity ) and ultimately the
complex shea r modulus Is obtained . A knowledge of the latter, constitutes a
di rect measurement of the material shear damping property. I~ ta i a— obtained
for frequencies varying from 50-5000 cpa. This method is used by John Hopkins
University.

d .  Br~e: and Kjaer (B&K) Method (reference ( r ) )

A small beam, e. g. 12” x 5/16” x 1/16” , made from the damping material
or more usually from a layer of damping material coated to a steel bar, is
mounted in a Bru el & Kj aer (B & K) complex modulus apparatus. The specimen is
excited by a magnetic transducer and the excitation picked up by a second
transducer. The response of the vibrating system is determined by either the

6
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rate of free decay or frequency response method and is ultimately recorded
on a level recorder from which the complex Young ’ a modulus may be determined.
A knowledge of this modul~~ enables one to evaluate materials in terms of
the material extensional loss factor . The B & K apparatus when installed in

• a suitab1~ tenzperatu~e contro l chamber allows measurements to be carried on
fran -150 C to +250 C and over a frequency range at approximately 30 to
3000 cpa. This method is used by Celanese Corporation of America, and Lord
Manufacturing Co.

e. 30” x 30” Plate Method ( reference (g))

A 30” x 30” steel plate, 60 mile, 1/8” or i/li” thick, is coated with
the damping material being investi~~ted. The plate is impact excited with a

small hammer. The response of the plate is obtained with an accelerometer in

terms of 1/3 octave bands. Fran this point on, the processing of the aced-
erci~~ter signal -to obtain the system damping is essentially the same as the
free decay procedure of the beam method, paragraph 8a. The frequency range
covered varies from 100 to i6000 cpa. This method is used by Underwater
Sound laboratory and Hazeltine Cor poration .

TRA1~SMISSI0N LOSS OR INSERFION LOSS TEST METHC~)S

9. Transmiss iOn loss of a material is a measure of the sound insulation of
the material. Transmission loss Is defined as the ratio (expressed in
decibels ) of the acoust ic ener~ ’ transmitted through a plate of the materi al
understudy, to the acoustic ener~ r incident upon the plate. It is 10 times
the logarithm to the base 10 of the reciprocal of the sound tran smission
coefficient of the materi al. Mathe matical ly,

T.L = 10 log10 W1 = 10 log 1
• w2 l0~~~~

whe re

incident acoustic ener~ r .

= transmitted acoustic ener~ r .
w

= 2 transmissi on coefficient .
1

10. Inse rtion loss is the reduction in the signal, in decibels, caused by
the insertion of the teat plate under Study between the sound source (pro-
,jector ) and the receiver (probe hydrophone).

I 
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11. The t’~’Uowi ng test methods are currently used to evaluate the trans-
mission lo~~ or the insertion loss of a material :

a. Reverberant Chamber Method (reference (c))

This is an insertion loss method. it employs a small 30” x 30”
x 30” chamber, lined with a pressure release material and open on one side .

• 
- The material to be Investigated 5s coated to one side of a 30” x 30” x i/i6”

or 1/14.” thick steel plate , vhlcl . is clamped to the open side of the chambe r
with the material facing the Interior of the chazi* er . The chamber is filled
with water and submerged In a large water tank.(12 ‘x6 ’x 5 ’) .  A sound projector
is located inside the chamber and is energized with a wide-band random noise
genera tor . A receiving hydrophone is located at a fixed position on the
opposite side of the pl .te , outside the chamber, where the sound pressure
level is ana lyzed in 1/3 octave bands. The reduction in transmission caused
by the coati ng is obtained from the difference in the sound pressure level
(at the receiving hydrciphone ) measured for a coated plate and for an uncoated
plate . This method is used by the Applied Science laborato ry .

b. Pulse Tube Method (reference (h ) )

This is an Insertion loss method . This method employs a 3.5” inside
diameter, 20 tt iong vertical water-filled tube. A sample of material to be
investigated is cemented to 1/2 ” thick sample holder which fits into the
3.5 ” inside diameter tube. The sample with its holder is suspended 5 ft.
down fran the top of the tune by a 1/li.” diameter steel rod . At the top of
the tube is a laye r of air to provide 100% sound reflection from the water-
air interface. A pulsed signal , of a given frequency, is emitted from a
transducer, located at the bottom of the tube • ThIB signal travels up the
tube and past a mon 4 toTing hydrophone, located at the middle of the tube,
where the signal amplitude is measured on an oscilloscope and recorded.
The signal cont inues up the tube, through the specimen, to the water-air
interface at the top of the tube where It Is reflected beck down the tube and
it again passes through the specimen. This “ ref lected” signal is then mon-
itored by the hydrophone at the center of the tube and the amplitude again
measured on the oscilloscope and recorded. The difference between the ampli-
tude of the “ incident” signal and the “reflected ” signal passing through the
specimen is a measure of the attenuation caused by two passes of the sound
through the soecimen. The tran smission attenuation or Inse rtion loss of the
specimen coating is one half of this difference. A correction is made for
the Inherent attenuation in the water-filled tube and at the water-air inte r-
face , by performing the same test with out any specimen insert ed. This method
i~ used by the Mare Island Rubber labora tory .

8
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c. Free-Field Insertion Loss Method (references (i , j ))

The ~~oustic material to be investigated is coated to one side of a
plate whose dimensions are standardized by the measuring activity . The
smallest size plate used is 30” x 30” . The plate with its coating is im-
rnersed in a large body of water, such as a lake, between a sound projector
and a sound receiver. The relative positions of plate, projector and re-
celver are fixed. The location of the projector varies fran 5 ft. to 10 ft.
fran the mate’-ial face of the plate depending on which activi ty is perform-
ing the evaluati on. The location of’ the probe hydrophone is maintained at
all acti’ri ties as nea r to back face of the plate as possible without touch-
ing it. The practice is to energize the projector by a. constan t amplitude
voltage from a sweep frequency oscillator , which Is pulsed to Insure separa-
tIor~ of the di rectly transmitted signal through the plate and the various
interference signals. The inser t I on loss Is determined as follows. With no
plate in place, the probe hydrophone readi ng is obtained for a given project -

or output- . The procedure is repeated with the plate in place. The difference
In reading between the hydrophone measureme~ts, with and without the plate
in place , is the insertio n loss of the p1ai~e. This method Is used by Under-
water Sound Ièference Laboratory, General Dynamics-Electronics Division,
and Iiazel tine Cox~ ora tion .

AIWCHOIC MATERIAL TEST METHOI~
12. An anechoj c material is a material which reflects very little of the
incide nt sound energy that impinges upon it. It Is a material with a high
reflection loss or a high echo reduction. Echo reduction is defined as
20 log I where V1 is the sound pressure of the Incident sound and VR ~~
the sound pressure of the reflected sound .

13. The following test methods axe used to evaluate anechoic materials :

a. Standing Wave Tube Method ( references (k , 1))

A sound projector at one end of a water filled tube sets up a sound
field of continuous plane waves. The tube is terminated with a sample of
the material being investigated which i~ cemented to a heavy sample holder.
Because of reflections fran the sample, standing wav~~ are produced In the
tube. ~r probing the length of the tube with a movi~~ hydrophone the max-
imum and minimum pressures of the standing wave are obta ined , and fran tie Be
data the echo reduction or anecho ic prope rty at the material can be calcu-
lated. The formulas required to compute the echo reduction are as follows :

9 
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Mexiinum Pressure (Measured
Standi ng Wave F~ tio ( SWR ) = Minimum Pressure (Measured

VI + V R

or V1 = S W R + 1

V Incident sound pressure
Where I

VR reflected sound pressure

since Echo F~duction = 20 log V1
10 -y

~

Echo F~duction = 20 log
10 ~~~~+i~

This test method is used by the U.S. Rubber Co. , Mere Islafld Rubber laboratory,
end Stanford }~search Institute.

b. Pulse Tube Method ( references (m , n) )

A sound projector at one end of a long water filled tube emits sound
pulses of given f requencies. Each pulse travels to the other end of the
tube where it impinges on a sample of the material being studied which is
mounted on a heavy sample holder. The incIdent pulsed signal Is reflected
off the sample and is measured. This is repeated for the various fre-
quencies of interest. The decrease in level of the reflected signal is a
measure of the anechoic property of the material. Front a knowledge of the

• incident and reflected sound pressures the echo reduction Is computed from :
V

Echo }~eductIon 20 log I
( I n  -~er~ibe1s ) 1.0

where V1 = incident sound pressure
v = reflected sound pressu re

B

This test method Is being used by the B. F. Goodrich Rubbe r Co. , Goodyear
Rubbe r Co. Underwater Sound 1~ ference Laboratory, Underwater Sound Lab-
orato ry, and Mere Island Rubber Labora tory.

10
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c. Free-field Reflection Loss or Echo-Reduction (reference (o))

The method and electronic instrumentatIon used are the same asthose for determining the Insertion loss of a material described in para-graph U (c). The only difference Is that the receiving probe hydrciphone18 locate d on the same side of the coated plate being investigated as thesound projec tor. Care Is taken to gate out, with the receiving electronics,the interference due to diffraction from the edges of the plate. The loca-tion of the probe hydrophone varleB from 1 foot to 10 feet front the face ofthe plate depending on which activi ty is performing the evaluation . Theecho reductIon is e~cpressed in decibels and defined as 20 log to the base10 of the ratio of the incident to the reflected sound pressures. Thistest method is used by the Underwater Sound Refere nce Laboratory, GeneralDynamics, Electronics Division, and ~azelt Ine Electronics.

DECCUPLThG MATERIAL TEST METHODS

14. A decoupling mate rial is a mater ial which when applied to a structurereduce s the radiated noise from the structure (such as a submarine hull) orwhich reduces the water borne sound tran smission through the stru ctu re(such. as a sonar dome baff le).

15. The follow-ing test methods are currently used to evaluate decouplingmaterials :

a. Pulse Tube Met hod (referenc e (p) )

* The teat conaiste In pulsing a thic k aluminum piston inside one endof a 5.5 inch diam eter water-fil led plast ic tube and measuring the generatedsound pressu re by means of a hydrophone in fron t of the piston . A sampleof the material being investigated Is then cemented to the face of thealuminum piston, which is the n driven at the same amplitude of vibrationfor each selected freq uency as that used to drive the bare piston. Thedifferenc e in sound pres sure generated by the bare piston and by the pistoncovered with the sample material is used to calculate the decoup ling prop-erty of the sample mate rial. The Bound radiation reduction or decouplingproperty In decibels is:

Ru dlation Reduction 20 log
10 

VB
(in decibels )

Where -

= hydrophone sound pressure , bare piston
• V~ = hydrophone sound pressure , covered piston .

11
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This test method is used by the Mere Island Rubber Labo ra tory.

b. Buoy Test ( reference (q) )

This method of teE’~.ing decoupling properties of decoupling coatings
uses a 30 inch diamete r ring stiffened steel cylinder 8 feet long. This
cylinde r Is submerged In a free-field environment (such as a lake ) to any
desired depth and then excited with an Internally mounted electro-magnetic
shaker.. The radiated noise generated by the “bare ” cylinder is measu red
with a series of hydrophones. The procedure is repeated with the cylinder
covered on the outside sur faces with the material being investigated for
decoupli ng properties. The difference in radiated noise levels between the
bare cylinder and the covered cylinder , is a measu re of the decoupli ng
property of the material . Experimentation to depths of 600 feet with this
method have been made • This test method Is used by David Taylor Model
Basin.

PtYNR~ W0~ C

16. Work will cont inue on the survey of test methods for the determination
of damping and acoustic propertie s of sonar dome materials. The next report
will be sut~nitted by December 1966. It will contain descriptions of addi-
tiona]. test methods, technical analyses of test metbnia . ai~d reco~nmpndations
for standardization of test math~xIe .
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