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ABSTRACT: An immersion apparatus for making ultrasonic measure-
ments was constructed. This apparatus is used to measure
longitudinral and shear sound speeds in polymeric materials as a

function of temperature as well as sound absorption measurements.

Seven polymers were evaluated and the measurements all compared
favorably with available literature values. Using the immersion
apparatus, sound speed measurements are accurate to +2 percent
while absorption measurements are accurate to +10 percent.
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TIMMERSIOUN AFPARATLS FCR ULTRASCGNIC MEASUREMENTS

This report describes experimental work don2 in constructing av
apparatus fcr measuring ultrasonic properties and illustrative
measurements using this apparatus. The purpcse ¢f such measure-
ments 1s to evaluate materials for potential accustic applicaticns
sucr as underwater scund damping.

T this report was taken from a dissertaticn submitted ny
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used in this report were obtained from commercial sources. Their
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INTRODUCTIGH

. The wcrk repcorted here 1s a continuation of ocur previous
Investigations+~3 of the ultrascnic properties ¢f polymers. The
goal of this work 1s to evaluate materials for pctential acoustic
appiications such as underwater sound damping. <f particular
interest are the ultrasonic properties of partly crystalline poly=-
mers through the melting point.

3 i e Yl T R S0 R

Cur earlier work using an imrersicn apparatus® demcnstrated
the usefulness of such equipment but was limited to luongltuiinail
wave measurements. Shear wave measurements are alsc of interest ;

not only in themselves but alsc because knowledge of tcth shear
-+ ~

b=
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and longitudinal sound speeds {and density; allows cone S
Zate the elastic constants of a material., Therefcre, it was
decided to construct an immerslon zpparatus with a capatilit, for
bsth leongitudinal and shear wave measurements, ;

The work on ahsorpticon ar the mclting point]’i wgs done by ;
using delay rcds. These measurements were difficult tecause the
acoustic btond between the specimen and the delay rcds changsd as
the specimen temperature was ralsed tc the melting point. Immer-
sion techniques avold thils difficulty since the acoustic coupliing
comes from the intimate contact of the immersion ligquid and is
very reproducible. For this reason as well as those menticned In
tne previous paragraph, an lmmersion apparatus i1s preferresd.

: The principal conclusions of this work are that the immsrsicn
: apparatus is convenient for measuring both longitudinal and shear
! scund speeds and abscrptions as functions ¢f temperature in pily-
mers; sound speseds are accurate to +2 percent while abscrpticn

! measurements are accurate to :10%. The remainder of this raopore
describes the immersiocsn apparatus, its cperation, and typical data
cbtained ty its use.

- DESCRIPTICH CF APPARATUS AND EXPERIMEITAL TECH:IQUZ

Ultrasonic atsorption and sound speed measurements are made
. by converting an electrical signal intc an ultrascnic signal of

the same frequency and m2asuring the decrease in amplitude and tinms
o flight of this siznal as it passes thrcugh the specimen of inter-
est. The data presented here was cbtained using an immersiocn
apparatus where the specimen was immersed in a bath of silicone
1iguild. A majcr advantage of the immersion method is that it
aveids the ungnown accustic losses in the btoends which ccuple the
uitrascund to the specimen. This scurce 2f error is present in
most other mathods.

e Sl At
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A Llectronics.

The purpose of the electronics is to generate electrical
pulses of a given frequency, which are then converted to ultra-
sonic pulses, and to detect the pulses which have gone through
the specimen. Three different electronic arrangements were used,
depending on the frequency desired.

At 0.€ MHz, the setup used is shown in Figure la. A contin-
uous sinusoidal signal, 20 volts peak, 1is generated by the
oscillator (Hewlett-Packard 200 CD). The output of the oscilla-
tor 1s applied to a transmission gate. The gate is a circult
in which the output 1s an exact reproduction of the input wavefcrm
during a selected time interval and is zero otherwise. The time
interval for transmission 1is selected by an externally impressed
signal which is called the gating signal and is usually rectangu-
lar in wave-shape. Thus, the output from the gate is a pulsed
sinuscidal signal which 1s then amplified by the power amplifier
‘jeneral Radio 1233 A) and applied to the transmitting transducer
which converts the electrical signal to an ultrasonic signal cf
similar wave-shape,

After passing through the immersion device, the ultrasound
is converted to an electrical signal by the receiving transducer,
This electrical signal is then amplified by the preamplifier
‘Tektronix Type L Plug-In Unit) and displayed on the cscilloscope
iTektronix 535 A).

I o e e

Tne pulse generator produces a rectangular pulse which is
the gating siznal controlling the transmission period of the gate.
The generator is triggered by the line voltage and its repetition
rate is 60 Hz, A synchronizing circuit is used to lock the gating
signal to the output signal from the oscillator, so the start of
the gating signal always ccincides with a particular -inase of the
csclllator output., A delay circult within the ruls. generator
anables one to adjust the start of the gating signal to coincide
with any desired phase of the osclllator signal. Usually, the
phase chosen is that corresponding to zero voltage level c¢f the
cscillator signal. Then the pulsed sinuscidal signal applied tc
the transmitting transducer starts from zero voltage level and
does not contaln any abrupt voltage steps whilch would generate
hizher frequency harmonics. The pulse generator also generates a
pulse which triggers the horizontal sweep of the oscilloscope.
This trigger signal occurs approximately 10 ..sec¢ before the gating
oulse. Thus, 1t 1s possible to display oz the oscilloscope both
the signal applied to the transmitting transducer and ithe signal
from the receiving transducer,.

{ne of the main features of this electronic setup 1is the
inclusion ¢f a synchronizing circuit between the oscillator and
the pulse generator. Therefcre, both the trigger pulse tc the
cscilloscope and the gating pulse are phase-locked tc¢ tne oscil- i
lator output. This eliminates any jitter in the ultrasonic

et e e e
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slgnal displayed on the oscllloscope and allows amplitude and
time-of-flight measurements to be made on the first few cycles of
the ultrasonic signal. Detalled circult analysis of tne electron-
ics used at 0.6 MHz has already been published.?

At 2.2 Mz, a very simple arrangement 1ls used, as shown in
Figure 1lb. A continuous sinusoidal signal from the oscillator
iHewlett-Packard 650 A} is applled, along with a pulse from the
pulse generator (Hewlett-Packard 212 A), to the gate. In this
case, the gate 1s a mixer (Hewlett-Packard 10514 A) belng used as
a pulse modulator, and its output is a pulsed sinusoidal signai of
the desired frequency and length. The pulse ls amplified by the
power amp>ifier (General Radio 1232 A} and applied to the Immer-
sion device. As before, the output from the lmmersicn device i3
applied to the pre-amplifier and then displayed on the osciilo-
scope, Trigegering is accomplished by the same pulse geueratcr
used to nodulate the oscillator. The oscllloscope 1s triggered a
few usec tefcre the gating action,

In distinction to the lower frequency apparacus the tripgger-
ing does not occur at any specified phase of the signal, and tliere
1s some Jitter in the beginning of the slignai. This jitter leads
to an uncertainty 1in determining the start of the pulse on the
order of one cycle, However, this 1s of lesser importance at the
higher freguencles.

At 5.5 MHz, the abscrption is high and special amplification
of the signal is required. A block diagram of the apparatus 1is
shown 1n Figure 2. Triggering of the electronic circuits is ac-
complished by a pulse generator as before. This pulse generatcr
is preceded by & Schmitt trigger and an isclation transformer.

The Schmitt trigger converts the sinusoldal line voltage siznal tc
a square wave of the same frequency. This signal is the external
trigger to the pulse generator whose output 1s a pulse of varilable
length, with a repetitlon rate of €0 Hz., Thils repetition rate is
used to minimize the Jitter due to the ¢0 Hz ripple voltaze which
is present in the output of the various power supplies in the cir-
cult, The direct output of the pulse generator 1s applied to a
transmitter whose tank circuit coll was pilcked to resonate at the
test frequency. The pulses from the transmitter then pass throush
a matching unit which acts as a step-up transformer and also tunes
out the static capsacitance of the transducer used to generate the

ultrasonlc wave, The resulting signal is then applied to the immer-

sion device.

After passing through the lmmersicn device, the sipgnal passes
through another matching unit, identical to the first one. The
signal 1s highly attenuated and needs ccnsiderable amplificatisn
before being displayed on the oscilloscope. For this purpose, the
intermediate fregquency strip of a radar rzceiver (Ostby 3arton
PR 202) 1is used. Since the intermediate frequency cf the recelver
is 60 MHz, the signal from the immersion device is added via a
mixer to a signal from a VHF oscillator ‘Hewlett-Packard 320C i)
such that the sum of the two frequencies is 60 lilz. The resuiting
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sum is then amplified and demodulated bty the receiver and di:=-
played on the oscilloscope. The oscllloscope is triggered by the
same signal that triggers the transmitter. There 1s, however, a
time delay of the ultrasonic signal in passing through the immer-
sion device. Photographs of some typical signals are shown in
Figure 3,

B. Acoustic Systen.

One of the major experimental problems in ultrasonic measure-
ments i1s to find a reproducible way to introduce the scund wave
into the specimen and detect the sound wave leaving the specimen,
#ith elther the transducers directly touching the speclien or
delay rods between the specimen and the transducers, the spezimen
must be bonded tc another material, This bond can be a grease or
a more permanant bond like epoxy. The bond must provide good
transmission ¢f the scund wave and be reproducible. Further, it
nust maintain its characteristics over the temperature range of
the measurements. Due to the number of variables 1nvolived, such
as bond thicxness, pressure used to form the bond, specimen paral-
lelism, etc., 1t 1s difficult tc make accurate absorption measurs-
ments with either delay rods or direct transducer contact. =
methsd which avolds these probtlems 1s the immersion technigue. 1In
this method, the transducers and specimen are all immersed in a
liguid. Coupling hetween the transducers and the gspecimen 1s pro-
vided by the intimate contact of the liquid and 1s very reproduc-
itle,

Measurements are made with and without the specimen in the
path of the sound beam and with specimengs of different thickness.
This method has been used with the specimen perpendicular to the
path of the sound beam by several authors.,*=7»>< A variation of
this method 1s to hcld the specimen at an angle to the sound beam,
in this manner, both longitudinal and shear waves are generated
in tne specimen at the first interface. If the angle at which the
specimen is held 1is greater than the critical angle, the longitu-
dinal wave 1s totally internally reflected and only the shear wave
1s converted at the second interface to a loagltudinal wave in the
immersiog l}quid. This technique has also been used by several
authcrs, ™+ '

A typlecal immersliocn device is shown in Figure 4a. The speci-
men 1s held vertically and is rotated with respect to the trans-
ducers to obtain shear waves. A different arrangement was used in
the present work. The specimen is held horizontally and the trans-
ducers are rotated to obtain shear waves, as shown 1in Figure b,
This arrangement was used because it was desired to make measure-
ments to above the melting polint of polymers., At room temperature,
the specimens are held ¢n four polnted tip screws. This method of
mounting 1is not usable at the melting point of a partiy crystal-
line polymer. Some measurements were done in which the specimens
were supported by a thin foil of aluminum. The foil was stretched
tight between two hoops. The specimen was then rested on the foll

4
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using elther a thin layer of silicone liquld or slilcone grease
for coupling. The roil thickness was chosen so that, ecvei. at 5.5
, MHz, the ultrasonlc wavelength (0.05 cm; was ten times the foil
£ thickness. Measurements showed that the foll had no effact <¢n
. sound speed determinationa but had a conslderahle effect on ab-
scrption measurements, especislly at 5.5 MHz, For example, when
a 1,902 cm thick speclmen was lnserted in the path of the scund
beam, the amplitude of the ultrasonic signal decreased by #,9 dh
when the specimen was ss~rew mounted but decreased by 13 j dF when
tne specimen was foll mounrted,

The proovlem of spaczimenr support was solved by using a4 disk
mounting in which a 5.7 ¢m diameter specimen rests on a flat alu-
minum disk with a 2.5 on dlametey hole in 1t. <Jver most of the
area of the speclmen, it 13 suppnrted by the disk. <Inly the center
portion is not sappurted. 7The hele {1 tihe aluminum is cut at an
angle tc enhance refizscilon of the souni elﬂer at the edges. Inly
the sound that go2s straigh! through the gpecimen 1s detected uty
the recelving transducer.

"

Fhotographs of the inmersion device are shown in Figures 5
and ¢, In Flgure 5, the specimen is hoi3 perpendicular t- 'hL
path of the sound beam, while in Filgure ¢, the transduccrs have
been rotated. The entire device 1s Immersed in a liquld te avove
the top transducer but velow the control xnnte, HMeggurarments are
rade with different specimens or no specimen by turning the selcctor
shaft. In a later mcdification of this apparatus, provialon was
made to hold eight specimens rather than just two.

The transducers used are lead zirconate titanate, 2,64 cm in
dlameter and ¢.25 cm thick, with a resocnant frequency o5 0.75 iz,

. The center wire of a minlature coaxial cable is soldered tc the
: back of the transducer for one electrical lead. The grcuad lead
3 is that part of the lmmersion device which presses against the
front face of the transducers. The brass transducer hclaers are
open to the atmosphere, thus providing an alr backing for the
transducers, which improves their operation and reduces rultiple
ultrasonic schoes.

Rotaticn of the transducers is accomplished by turning the
rotation kneob. There 1s a pointer o:n this knob and a scale at-
tached to the instrument so that the angle of incldence cf the
scund wave can be read to the nearest degree from 07 to 90,

Cne other feature 1is built into the device becauss of
with shear waves. When a shear wave gces throuzh a specimen
emerging beam is displaced frowm the direction <of the incident beam,
‘A similar effect 1s observed in optics when a iight beam passes
through a plate of glass, in air, at an angle.; 1If the transducers
are directly facing each other, the displacement will causs som=

of the sound energy to miss the recelving transducer, causing a
reduced amplitude and thus giving a false contribution to the
measured absocrption. To correct for this, the transducers are
rotated in oppesite directicns avout an axis perpendlcular to the

2
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main rotatlon axis. This rotation is accomplished with the
displacement knob (Fig. 5). The knob is rotated until the ocbserved
signal 1s a maximum; hence no rotation scale 1s required.

As mentloned above, the transducers are 2.54 cm in dlameter.
The specimens used were about 5 c¢m in diameter in case there was
any beam spreading, esreclally a* lower frequencles, and sc that
specimen alignment would not te critical. The specimen thickness

was governad by the magnitude ¢l the absorpticn and varled frem
¢.5 cm to 2.5 cm.

A silicone fluid (polydimethylsiloxane) is used as the immer-
sion liquid. This liquid is made by the Dow Corning Ccrporation,
1dland, Michigan, under the trade name DC 200. The grade used
here has a room temperature viscosity of 130 ¢s. To prevent swell-
inz, all rubber gasxets in contact with the liquid are made of a
chlorinated siliccne rubber. Most of the lmmersion device is
aluminum and all these parts are anocdyzed.

~

C. Temperature Control.

Specimen temperature control 1s cbtained by using two l-kilo-
watt continuous heaters immersed in the tank holding the lmmersicn
device, The current to thesge heaters ig contrclled by a varlac,

-

and 1n thils manner the temperature can be controlled to about
+0.5" 2, A stirrer 1s used to promote z0ood mixing and approximate
lsothermal conditions., The stirrer 1is run continuously. The
termperature is read using a chromel-alumel thermocouple immersed
near the specimen., The outnut of thls thermocouple 1s meas:ured
using a precision potentiometer. The highest temperature that can
be attained is determined Ly the gelation point of the silicone
fluid and is about 150°C. The outside of tne ilmnersion tank 1ie
covered with a high-temperature polyurethane foam, 2.5 cm thick,
{Some measurements were also done below room temperature vy cool-
ing the silicore ligquid with dry ice.}

Thermal gradients in the silicone liquid were also found to
be a problem. Partly because of the high viscosity cf the silicone :
liguid, the temperature is not uniform throughout the tank. The
temperature gradients cause changes in the signal amplitude as the
thermal currents pass between the transducers, and this effect is
particularly troublesome at the highest frequency used. The thermal
currents were reduced by installing brass foll tubes over the
transducer holders. The tubes gc from one¢ transducer to the cther
with the exception of the central region where the specimen
located.

2
.
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Also, the siliccne 1iquld was found to cut-gas as the tempera-
ture is raised. Air bubbles then tended tc collect under the
specimen and the upper transducer interfering with the abscrpticn
measurement, These alr bubbles are wiped away Just prior to making
measurements, Above VG C, this protlism no lornger existed.)
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D, Measurement Technique.

Sound speed measurements are made by measuring the change in
the time of flight of the ultrasconic pulse when the specimen is
removed from the path of the sound beam. The difference in time
of flight 1s due to the difference in sound speed between that in
the liquid and cthat in the specimen. Thus, the first step is 1o
find the sound speed in the liquilid over the temperature range used.
This is done by using an aluminum specimen as a standard. For
. 6061-T6¢ aluminum, the longitudinal sound speed as a functicn of
: - temperature 1s given by12 :

—_—

sl Sl ol

v

v, (A1) = 6423 - 0.91 ¢ (10

\ 7

in m/sec with t in degrees centigrade. For a specimen of thickness
L, the difference in time of flight, Ae, without and with the
specimen perpendicular to the path of the sound team is
, \ \
. AS = L - L (2 '
| ; v(liq)  v,(spec)

o s A U £ AN SN, S B . AL

[\¥]
e o

where v(1lig) is the sound speed in the liquid and vy(spec) is the

longitudinal sound speed 1in the specimen. Fdr an sluminum specimen :

vy(spec) is known, equaticn (1), and so v(liq) can be found from !
: A® mea. ments. In this manner, the results shown in Figure 7
;- were ¢b .ned. The data 1s gilven very accurately by

\ v(lig) = 976 - 2.5 (t - 25) (2)

{ | which is in reasonable agreehent with other measurements.l2 Know- !
1 ing {(3), the sound speed in the polymer can now be fcund from {Z:.

This 1s the method used to find the longitudinal sound speed as a
function, of temperature in polymers.

o o Ak 0 | 48

For'calculating shear sound speeds, the procédure is a little
more complicated because the path length through the specimen 1is
\ not just egual to the specimen thickness. Referring tc Figure 8,

_ ¥ _ X )
re v{ITq) ~ V_(spec) )

1 L L

where vs(spec) is the shear sound speed in the specimen. Since ;

cos p = L/x (5)
cos (¢ - Q) : :y/x _ (e ;
and Snell's lLaw is Just | | :
sin v _wv{li | r7\
sin ¢ vylspec) v
7

5 R L i
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with a little manipulation, equation (4) can be put in the form
. \ - 2 2 - —é_
ve(spec) = v(1liq) [(cos ¥ - v(1lig)Aae/L)° + sin® y] (8)

Ultrasonic absorption 1s found in the following manner. The
amplitude of the envelope of the ultrascnic pulsc that has gone
through a specimen of thickness L. is measured and similarly for
a specimen of thickness Lp. When the ultrasonic pulse impinges on
the specimen, part of the sound energy 1s reflected due to the
acoustic impedance mismatch. The amount of reflection 1s assumed
to be the same for both specimens. Then the difference in measured
amplitude 1s due to the difference in absorption hetween the speci-
men and the immersion liquid occurring in a thickness equal to the
difference 1in thickness of the two specimens. The absorption, in
dB/cm, is then

' 20 Al
(¢} = 0’(11Q) + -r‘?—-_——rl log 1; (9)
where ~(1liq) 1s the absorption in the liquid and A; and Ao are the
amplitudes measured for the specimens of thickness Lj and Lp.
Greater accuracy will, of course, be obtained.if more than two
specimens are used. Eﬂe absorption in the liquid was calculated:
from McSkimin's data. At 5.5 MHz and 25°C, the absorpticn in
the immersion liquid used here is 1.6 dB/cm., This absorption
depends on the square of the frequency. "

Fcr shear waves, the distance traveled by the shear wave is x
(Fig. 8) where i

x = vl - (v (spec) sin Y/v(liq))glj% (10)

Thus, using the difference in distance traveled by the shear wave
in going through the specimens of thicknesses L; and Lo,

~

20 V1213 L
NS = Tz——*—ri' [:1 - (VS(SPCC) sin Y/V(liCi)) ]é log AL/HQ \ll)

In some cases, the abscrption is so high that a measurable
signal can be propagated only through the thinnest specimen. With
only one specimen, equation (9) for absorption cannot be used. An
alternate approach 1s based on the fact that the difference in
signal detected with and without the specimen in place 1s due to
the reflection at the top of the specimen, the absorption in the
specimen, and the reflection at the bottom of the specimen. (This
neglects standing waves in the specimen, & good assumption when
the absorption is high and the ultrasonic pulse 1s short enough
-that successive echogs in the specimea are well separated.) As
pointed out by Maeda”? and Asay et al,lZ2 the absorption is given by

~ = o(liqg) + (LI - R’/L (12)
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where L 1s the thickness of the specimen, L1 1s the inserticn loss
and Ly 1s the reflection loss. The insertion loss, in dB, is 20
times the (common) logarithm of the ratls of the received ampli-
tude without and with the specimen in the path of the sound beam.
The reflection loss 1s the dB loss caused by reflection at the

two surfaces of the specimen. LR can be calculated from the
relation
(41 + 22)4
L = 20 log} ———m— (13,
2 42,2

12

where Z = pv 1s the acoustic impedance, subscript 1 refers tc the
liquid and subscript 2 refers to the specimen.

£, Materials Used.

The materials used in thils work were all commercial products
for which sound speed measurements wers available in the litera-
ture. They were machined to a nominal test size of 5.0% zm 2,000
in) diameter and 1.27 em (0.500 in) thick, top and cottom parallel
to within 0.003 em (0.001 in). A description of the seven mater-
ials used is given in Appendix A,

ILLUSTRATIVE RESULTS

In order to check out the apparatus and to determine its
experimental accuracy, measurements were made of sound speeds and
absorptions in some common polymers. These measurements were then
compared with literature values.

A. Sound Speeds.

Since the electronics at 0.€ MHz is designed so that thne
start of the pulse always occurs at the same phase of the clgnal,
measurements of sound speed at thils frequency are more accurate
than at 2.2 MHz, where the beginning phase is constantly changing.
The equipment at 5.5 MHz 1s not aesligned in such a way as to
readily permit sound speed measurements. As accurately as can be
determined, there is no difference in sound speed between the 0.%
MHz and 2.2 MiHz measurements for the pclymers examined.

Measured sound speeds at rcom temperature and a frequency of
0.6 MHz for seven common polymers are listed in Table 1 alcng with
literature values,10,12,15-2 Precise comparisons with this
literature data are difficult because of the varlations that exigt
in what 1is presumably the same polymer. There are also some dif-
ferences in temperature and test frequency. 3ased on tne repro-
ducibllity of repeated measurements on the same specimen, the
estimated uncertainty of our measurements is 2%, Shear

9
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measurements are more difficult to make (and less accurate) than
longitudinal measurements. In fact, no reliable shear measurement
was possible for polytetrafluoroethylene.

The above measurements were all made at room temperature.
Sound speed measurements as a function of temperature were made cn
polymethylmethacrylate, polyethylene, and polypropylene, Results
for polymethylmethacrylate are shown in Figures 9 and 10 along
with literature values.15,10 Results for polyethylene are shown
in Fligures 1l and 12 along with literature values.?1,20 Results
for pol¥$ro§ylene are shown in Figure 13 along with literature
values. Again, the uncertalnty of our measurements 1s esti-
mated to be about *2%.

e i

B. Absorptlons.

For polymethylmethacrylate and polyethylene, sound absorp-
tions were measured at room temperature and 5.5 MHz. Four
polymethylmethacrylate specimens were used, of thickness 0.€32,
1,270, 1.903, and 2.540 cm respectively. The measured longitudiqal
abqorption was 5.1 dB/cm and the shear absorpticn was 12.2 dE/cm.
Using the sound speeds for polymethylmethacrylate from Table 1, :
the longitudinal wavelength is 0.040 cm while the shear wavelength 3
is 0.024 cm., Then the longitudinal absorption per wavelength {loss
ner cycle) is 0.25 4B compared with 0.23 dB found by Asay et al.l5
Our measured shear absorption per wavelength is 0.31 dB compared
with 0.32 dB found by Asay et al.lb Comparisons of absorption data
with literature values are even more difficult than with sound
speed data because the sound absorption is much morz sensitive to
small differences in polymer density, preparation, purity, etc.

Three polyethylene specimens were used: of thickness 1.270,
2.032, and 2.526 cm respectively., The measured longitudinal ab-
sorgrion per wavelength was 0.5 dB compared with 0.7 dB found by
Eby<! on a material of higher density. o shear absorption measure-
ments on a comparable polyethylene were found.

Considering the variations in absorption to be expected from
specimen to specimen variation, the above comparisons with liter-
ature values are considered good. The estimated uncertainty of
the absorption measurements is *10%.

CONCLUSIONS AND RECOMMENDATIONS

An apparatus has been constructed tc measure longitudinal and
shear sound speeds and absorptions from room temperature to about
150°C, Measurements were made on a total of seven common polymers
for which comparisons with iiterature values were possible. Sound
speed measurements are estimated to be accurate to *#2% while ab-
sorption measurements are accurate to *10%.
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It is recommended that thls apparatus be used to determine
the elast.iv. constants of polymers, preferably as a function of
temperature, and to determine the absorption in partly crystal-
line polymers at their melting point,
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i a. APPARATUS USED AT 0.6 MHz
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Ib. APPARATUS USED AT 2.2 MNz

FIG. | BLOCK DIAGRAMS OF APPARATUS USED AT
0.6 MHz AND 2.2 MH2
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SCHMITT ISOLATION s v
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(6OMHZ)
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; \* TRIGGER)
’ f——s»— 0SCILLOSCOPE RECEIVER
Y “TeomHz) [
TRANSMIT TER A
1 VHF
MATCHING OSCILLATOR
UNIT
T
IMMERSION MATCHING -
DEVICE [ | uNIT [ = MIXER

FIG.2 BLOCK CIAGRAM OF APPARATUS USED AT 5.5 MH2
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41 1 L | A

3a. 55 MHz OSCILLOSCOPE DISPLAY.
COMPARISON PULSE ON LEFT ,ULTRASONIC
SIGNAL ON RIGHT. (TIME SCALE |0pu6ec/cm)

3b. 2.2 MHz DISPLAY.
(TIME SCALE Susec/cm)

3¢c. 0.6 MHz DISPLAY
(TIME SCALE 20 usec/cm)

FIG. 3 PHOTOGRAPHS OF TYPICAL ULTRASONIC SIGNALS
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——— SPECIMEN
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TRANSDUCER

40.

TYPICAL DEVICE WITH SPECIMEN ROTATED

SPECIMEN QQQ}_—"

\

LIQUID

————pt

Q%‘ TRANSDUCER

4b. PRESENT DEVICE WITH TRANSDUCERS ROTATED

FIG. 4 SCHEMATIC DRAWINGS OF IMMERSION DEVICES
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APPENDIX A
DESCRIPTION OF MATERIALS USED

A1l of the materials used in this work will be described in
this section. Trade names are given for identificaticn purposes
only.

Polyhexamethylene adipamide (nylon 6-6): a highly crystal-
line polymer. The material used here was made by the Dupont Co.,
Wilmington, Delaware, under the trade name Zytel 101 and receilved
in the formp ¢f a rod. The measured density of the pclymer was
1.147 g/cm3.

Polymethylmethacrylate: thils polymer has the structure
(- CHQC’CE3$ZC%GCH35-In and i1s (generally) amorphous. The glass
tran%ition temperature of polymethylmethacrylate is given?? as
105°C. The material used here was made by the Rohm and Kaas Co.,
Philadelphia, Pennsylvania, under the trade name Plexiglas II UVA,
and received in the form of a_cast block, The measured density

of the polymer was 1.191 g/cm3.

Pol¥grogxlene: this polymer has the structure [-CHoCH(CHp)=1p
and is ghly crystalline. The melting point of polypropylene is
176°C.23 The material used here was made by the Avisun Corp.,
Marcus Hook, Pennsylvania, under the *.24e name Avisun 1010, and

received in the form of an extruded sheet. The measured density
of the polymer was 0.913 g/cm2.

Polyoxymethylene: this polymer has the structure [~Cip0-ly
and is highly crystalline. The material used here was made by the
Dupont Co., Wilmington, Delaware, under the trade name Delrin.

The measured density of the polymer was 1.425 g/cm3.

Polyethylene: this polymer has the structure (-CHpCHp-j,
and ig highly crystalline. The melting point of polyethylene 1is
taken as 137°C though large single crystals may melt as high as
141°C. The material used here was made by the Allied Chemical
Corp., Morristown, New Jersey, under the trade name FF-C0l, and
received 1In the form of an extruded block. _The manufacturer gives
a welght average molecular weight of § x 10° g/mole. The measured
density of the polymer was 0.957 g/cm-.

Polystyrene: thils polymer has the structure !-Cngd\C645) In
and 1s amorphous. The material used here was made by the Dow
Chemical Co.,, Midland, Michigan, under the trade name Styron Ac6.
The measured density of the polymer was 1.052 g/cm3.
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Polytetrafluoroethylene: Thils polymer has the structure
[~CFoTFa-1n and Is highly crystalline. The material used here was
made by the Dupont Co., Wilmington, Delaware, under the trade
name Teflon. The measured density of the polymer was 2.177 g/cm3.
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