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[57] ABSTRACT 
A conformable acoustic coupler for ultrasonically test 
ing an article. The coupler has an ultrasonic transducer 
with an active surface which transmits ultrasonic en 
ergy pulses to an article to be tested. A sensor receives 
and measures an ultrasonic echo from the tested article. 
The article to be tested is acoustically mated to the 
active surface by a medium of a gelatinous material 
layer on the active surface and a ?exible ?lm on the 
gelatinous material layer. The combination of the gelati 
nous material and film conforms to the shape of the 
article and provide acoustic coupling between the ac 
tive surface and the article without leaving a residue of 
the medium on the article. 

24 Claims, 1 Drawing Sheet 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or advertise 
ment or the like my use the term patent, or any term 
suggestive of a patent, when referring to a statutory in 
vention registration. For more speci?c information on the 
rights associated with a statutory invention registration 
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CONFORMABLE ACOUSTIC COUPLER 

GOVERNMENTAL INTEREST 
The invention described herein may be manufac 

tured, used and licensed by or for the Government for 
Governmental purposes without the payment to us of 
any royalties thereon. 

This application is a continuation of application Ser. 
No. 07/935,698, ?led Aug. 26, 1992, now abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to ultrasonic testing and 
more particularly to conformable acoustic couplers for 
use in ultrasonic testing. 
A requirement exists to verify the existing chemical 

- weapons stockpile declarations. However, a large part 
of the existing stockpiles are contained within sealed 
munitions. Typically, chemical munitions can be differ 
entiated from conventional munitions by external label 
ing. However, many of these munitions, particularly in 
third world countries, are not labeled. In addition, mu 
nitions might be improperly labeled to conceal their 
contents. Identi?cation of the contents by conventional 
analytical methods would be dangerous and time con 
suming. Heretofore, no methods are currently available 
to quickly and safely identify the contents of sealed 
munitions. However, a number of existing technologies 
appear to be adaptable to the task with some additional 
modi?cations. Ultrasonic technology is attractive be 
cause it is inherently safe, straightforward in applica 
tion, has the potential to be miniaturized and is available 
at low cost. It is known in the art to conduct non 
destructive testing of unknown materials within con 
tainers and the like by means of ultrasonic test proce 
dures. One of several possible approaches to ultrasonic 
interrogation is to measure the velocity of sound in the 
various chemical agents. In this regard, U.S. Pat. Nos. 
2,527,986 and 2,398,701 pertain to such ultrasonic test 
ing techniques. It is generally well known that sound 
travels through different materials at different speeds. 
In the case of chemical veri?cation, a speci?c ?ll might 
be related to a speci?c velocity at a measured tempera 
ture. While different chemical agents can be correlated 
to speci?c transmission velocities under controlled con 
ditions, it has been found that differentiation of muni 
tion ?lls on the basis of velocity measurements is not 
practical. One reason is that transmission velocities are 
highly dependent on temperature, which is easy to mea 
sure but dif?cult to control in the ?eld. In addition, the 
physical condition and purity of the chemical ?lls is 
known to vary signi?cantly, and the variations encoun 
tered in the measurement of transmission velocities does 
not allow for reasonable statistical correlations. Also, 
the speed of transmission is similar in a number of unre 
lated materials and is not sufficiently unique for the 
intended purpose of veri?cation of chemical stockpiles. 
In addition, several other practical constraints beyond 
temperature and ?ll purity require attention. The physi 
cal condition of the ?lls and the internal structural con 
?gurations vary, sometimes signi?cantly, in munitions 
of similar type. In the case of ?lled munitions, informa 
tion on the internal structure or condition is often not 
known. As an example, the burster core within the 
center of the munition can be short, long or of some 
intermediate length. It may be empty, packed with ex 
plosives, or ?lled with small explosive canisters. It is 
apparent that this high degree of variability among like 
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2 
munitions must be taken into consideration. Another 
approach to ultrasonic interrogation is the standing 
wave or resonance approach. In this regard see U.S. 
Pat. Nos. 4,215,583 and 3,861,200. Variations of reso 
nant ultrasound have been used to test for structural 
integrity or homogeneity of various materials. In this 
method a structure is stimulated to induce one or more 
resonant frequencies and the frequency is compared 
with a reference spectrum for similarity. In the case of 
the present invention, the munitions would serve as the 
test structure and behave as an integral system. For a 
discussion of this method, one may see U.S. Pat. No. 
3,595,069 and Postany, G.J., In?uence of the Pulser on 
the Ultrasonic Spectrum: The Results of an Experiment”; 
Materials Evaluation, Mar. 1965, pgs. 417-419. When 
stimulated with broadband excitation, those materials 
with a higher resonance transmission will tend to domi 
nate the frequency spectrum. In the testing of muni 
tions, frequency transmission is favored by the shell or 
container casing as opposed to the fill. Similar shells or 
containers would tend to resonate in a similar manner, 
and the damping effects of the ?ll would become a 
secondary resonance effect. Different ?lls would have 
different damping factors, and thus can be differenti 
ated. This approach is highly desirable for structural 
analysis of the munitions, but less so for determination 
of the contents of the ?ll because the ?ll level is ob 
served to have a large effect on the frequency signature. 
In addition, the method in which the munition is sup 
ported and the position of the transducer both have an 
observable and sometimes unpredictable effect on the 
frequency signature. Such changes in the frequency 
signature make correlations with stored spectra diffi 
cult. 
A third method of ultrasonic interrogation, the pulse 

echo method appears to be somewhat more forgiving in 
subtle variations found in the resonance methods. One 
may see U.S. Pat. No. 3,595,069 and Kline, R.A. Mea 
surement of Attenuation and Dispersion Using an Ultra 
sonic Spectroscopy Technique”. J. Acoust. Soc. Am. 
76(2), Aug. 1985, pgs 498-504, both of which are incor 
porated herein by references. 
By this means, an acoustic transducer generates an 

acoustic pulse through an active surface which is 
thereby imparted to an article to be tested. The pulsed 
article produces a reverberation which is received by a 
sensor, usually a piezoelectric device. The sensor then 
produces a signal which is measured by an analysis 
device such as a computer. While such ultrasonic test 
ing is very frequently used in articles having substan 
tially flat surfaces, it has been a problem in the art to 
ultrasonically test curved surfaces. This is because it has 
been dif?cult to achieve a good acoustic energy cou 
pling between the active surface of the transducer and 
the curved article to be tested. It is known in the art that 
when performing ultrasonic testing, close coupling 
should be attained between the active surface of a trans 
ducer and the article to be tested. Acoustic coupling to 
non-?at surfaces such as ammunition shells, storage 
tanks, etc., require coupling that easily conforms to its 
surface. One attempt at solving this problem has been to 
use an aqueous interface or grease as a coupling medium 
between the active surface and the article to be tested. 
In another attempt, plastic materials such as putty or 
modeling clay have been used. These have proved to be 
unsatisfactory since such materials leave residues which 
may be corrosive or absorb chemical agents. A method 
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of close coupling by applying a ?uid coupling layer is 
suggested by Pedrix, M., et a1, Acoustic Independence 
Measurement by Re?ection of Ultrasonic Impulse on a 
Specimen through a Coupling Layer”, Transactions on 
Sonics and Ultrasonics, Vol. SU-28, No. 6, Nov. 1981. 
Coupling ?uids are a problem when testing munitions 
since they tend to leave a residue and react with or 
absorb into the shell container. 
For ease of operation and speed in testing a large 

variety of sizes and types of articles, a material is needed 
which does not leave a residue on the article to be 
tested. It also must be capable of functioning over a 
wide temperature range while being non-reactive, non 
absorbing and not require subsequent cleaning of the 
tested article. 

It is therefore an object of the invention to provide a 
conformable acoustic coupler for ultrasonically testing 
an article which quickly and easily conforms to a vari 
ety of non-?at surfaces and permits quick and efficient 
testing over a wide range of ambient conditions. An 
other object of the invention is to provide such a con 
formable acoustic coupler which does not leave a resi 
due on the article which must be removed and where 
the coupler is non-reactive with the article. 
These and other objects will be in part described and 

in part apparent from a consideration of the detailed 
description of the preferred embodiment. 

SUMMARY OF THE INVENTION 

The invention provides a conformable acoustic cou 
pler for ultrasonically testing an article. The coupler 
includes an ultrasonic transducer having an active sur 
face, which surface is capable of transmitting an ultra 
sonic energy pulse therethrough, said transducer com 
prising ultrasonic pulse generating means capable of 
applying an ultrasonic energy pulse by said active sur 
face to an article; and ultrasonic sensor means capable 
of receiving and measuring an ultrasonic echo from said 
article in response to said applied ultrasonic energy 
pulse; and means for acoustically mating said article to 
the active surface of said transducer, said acoustic mat 
ing means comprising a layer of a gelatinous material on 
said active surface and a ?exible ?lm on said gelatinous 
material layer, which ?lm substantially does not react 
with and substantially does not absorb said gelatinous 
material; wherein said acoustic mating means is capable 
of conforming to the shape of at least part of said article. 
The invention also provides a method for ultrasoni 

cally testing an article. The method includes the steps of 
providing an acoustic coupler, said acoustic coupler 
comprising an ultrasonic transducer having an active 
surface, which surface is capable of transmitting an 
ultrasonic energy pulse therethrough, said transducer 
comprising ultrasonic pulse generating means capable 
of applying an ultrasonic energy pulse by said active 
surface to an article; and ultrasonic sensor means capa 
ble of receiving and measuring an ultrasonic echo pro 
duced by said article in response to said applied ultra 
sonic energy pulse; and means for acoustically mating 
said article to the active surface of said transducer, said 
acoustic mating means comprising a layer of a gelati 
nous material on said active surface and a ?exible ?lm 
on said gelatinous material layer, which ?lm substan 
tially does not react with and substantially does not 
absorb said gelatinous material; wherein said acoustic 
mating means is capable of conforming to the shape of 
at least part of said article; and juxtapositioning an arti 
cle to be tested with said acoustic mating means such 
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4 
that said acoustic mating means conforms to the shape 
of at least part of said article; and applying an ultrasonic 
energy pulse to said article through said active surface 
and said acoustic mating means; and receiving and mea 
suring the ultrasonic echo produced by said article in 
response to said applied ultrasonic energy pulse. 
The invention further provides a method for ultra 

sonically testing a munitions article. The method in 
cludes the steps of providing an acoustic coupler, said 
acoustic coupler comprising an ultrasonic transducer 
having an active surface, which surface is capable of 
transmitting an ultrasonic energy pulse therethrough, 
said transducer comprising ultrasonic pulse generating 
means capable of applying an ultrasonic energy pulse by 
said active surface to a munitions article; and ultrasonic 
sensor means capable of receiving and measuring an 
ultrasonic echo produced by said munitions article in 
response to said applied ultrasonic energy pulse; and 
means for acoustically mating said munitions article to 
the active surface of said transducer, said acoustic mat 
ing means comprising a layer of a gelatinous material on 
said active surface and a ?exible ?lm on said gelatinous 
material layer, which ?lm substantially does not react 
with and substantially does not absorb said gelatinous 
material; wherein said acoustic mating means is capable 
of conforming to the shape of at least part of said muni 
tions article; and juxtapositioning a munitions article to 
be tested with said acoustic mating means such that said 
acoustic mating means conforms to the shape of at least 
part of said munitions article; and applying an ultrasonic 
energy pulse to said munitions article through said ac 
tive surface and said acoustic mating means; and receiv 
ing and measuring the ultrasonic echo produced by said 
munitions article in response to said applied ultrasonic 
energy pulse. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a schematic representation of an embodi 
ment of the conformable acoustic coupler for ultrasoni 
cally testing according to the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

In the practice of the present invention, an acoustic 
transducer generates an acoustic pulse through an ac 
tive surface which is thereby imparted to an article to be 
tested. The pulsed article produces a reverberation 
which is received by a sensor which is a piezoelectric 
crystal, and preferably the same device which gener 
ated the pulse. The sensor then produces a signal which 
is measured by an analysis device such as a spectrum 
analyzer and computer. In this approach, a broadband 
frequency is pulsed through a munitions article. As the 
pulse echoes back and forth between the walls of the 
munitions and through the ?ll, certain frequencies are 
attenuated more than others. The attenuation would be 
dependent primarily upon the composition of the ?ll 
and to a lesser degree on the geometry and composition 
of the shell or container. Since a single pulse is used to 
create the spectrum, a Fourier transformation is the 
ideal treatment to reconstruct the spectral ?ngerprint. 
The broadband ?ngerprint would also be more suitable 
for statistical correlations used in pattern matching al 
gorithms since it is primarily formed by the attenuating 
effects of the fill rather than the secondary effects of 
damping on the resonance of the structure. 
The preferred embodiment of the invention may be 

seen with reference to drawing FIG. 1. The testing 
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device comprises a piezoelectric transducer 2, such as a 
Panametrics 100 kHz commercially available as a Pana 
metrics High Voltage Pulser model 5058 which com 
prises a piezoelectric crystal. The transducer has a BNC 
connector 4, which connects the transducer to the 
pulser and data collection means which is preferably a 
Hewlett Packard Spectrum Analyzer model 3567A for 
acquiring a frequency spectrum from 0 to 104 kHz and 
an industrial grade IBM PC compatible computer for 
data collection, storage and comparison. The trans 
ducer has an active surface 6 through which the ultra 
sonic pulses and echoes are transmitted to and acquired 
from the article to be tested. Applied to the active sur 
face of the transducer is a medium for closely coupling 
the transducer to the shape of the article to be tested. 
The medium comprises a layer of a gelatinous material 
8, such as petroleum jelly, silicone grease, water based 
jellies such as K-Y Jelly available from Johnson &. John 
son, and food gels such as Jell-O and honey. Putties and 
clays can also be used, however, these are less pre 
ferred. In the preferred embodiment the gelatinous ma 
terial layer has a thickness of from about 0.125 to about 
0.25 inch. This gelatinous material establishes good 
acoustic contact with the active surface of the trans 
ducer. Encircling the gelatinous material is a thin ?lm 
10 which serves to separate the gelatinous material from 
direct contact with the article to be tested. However, it 
is thin enough that it establishes good acoustic contact 
with the gelatinous material, and hence the active sur 
face of the transducer and also conforms to the shape of 
the article to be tested while also establishing good 
acoustic contact with the article. In the preferred em 
bodiment, the ?exible ?lm comprises a material such as 
polyvinylidene chloride, commercially available as 
saran wrap, polyvinylidene ?uoride, commercially 
available as Tedar, polyethylene, and polyethylene tere 
phthalate. The ?lm preferably has a thickness of from 
about 0.5 to about 1.0 mil. The thin film can be held to 
the transducer by a retaining belt 12 which can be a 
metal or rubber band. For testing, one merely places the 
article to be tested on the outer surface of the thin ?lm. 
This con?guration conforms to the surface of the article 
to be tested and gives excellent acoustic coupling of the 
article to the transducer. This also allows rapid move 
ment from article to article during testing with no need 
to clean the article of gelatinous material after testing. 
The following non-limiting examples serve to illus 

trate the invention. 

EXAMPLE 1 

A munitions shell is subjected to a single half wave 
electrical pulse through a single piezoelectric crystal 
transducer. The transducer serves as the signal source 
as well as the receiver of a pulse-echo. A commercially 
available Panametrics High Voltage Pulser model 5058 
with a Panametrics 100 kHz transducer is used as the 
source of excitation. A Hewlett Packard Spectrum An 
alyzer model 3567A is used to acquire the frequency 
spectrum from 0 to 104 kHz. An industrial grade IBM 
PC compatible computer is used for data analysis and to 
acquire a frequency signature. The shell acts as a reso 
nant cavity with a large number of complex resonant 
modes. When an impulse of energy is applied, a wide 
range of frequencies are present and decay rapidly. 
These various frequencies undergo different degrees of 
attenuation or resonance as well as phase modulation 
depending on the composition of the ?ll. 
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6 
In the performance of a test, an operator positions 

and holds the transducer against the munition. In order 
to obtain enhanced coupling of the munition to the 
transducer, a thick ?lm of K-Y Jelly, commercially 
available from Johnson and Johnson is applied to the 
active surface of the transducer. A ?lm of saran wrap 
encircles the K-Y Jelly to separate it from the munition 
to be tested. A pulse signal is applied to the munition, 
pulse echo data is collected and the operator can either 
save the data and compare the data either manually or 
automatically to a library reference spectra, an average 
spectra or to the data from any other munition. Data is 
collected as a power spectrum over the frequency range 
0 to 104 kHz where each power spectrum represents an 
average of ten (l0) individual spectra. 

EXAMPLE 2 

Two 155 mm shells are ?lled wit air, water, ethylene 
glycol, sand and several aqueous suspensions, and then 
tested with the apparatus described in Example 1. In all 
cases, each material gives a distinctive spectrum and 
identi?cation of the contents is easily accomplished. In 
addition, ?ne degrees of distinction can often be made 
between similar materials. The signature of a solid sus 
pension can be differentiated from its unsuspended 
counterpart. 

EXAMPLE 3 

A series of 8 inch conventional HE (TNT) rounds, 
155 mm conventional Comp B rounds, 155 mm VX 
rounds, 105 111 GB rounds, 155 mm GB rounds and 1 ton 
HD containers are tested using the apparatus described 
in Example 1 and frequency signatures obtained. It is 
observed that variations in temperature have little effect 
on the frequency spectrum unless a phase change oc 
curs over the measured range. In addition, it is found 
that the frequency spectrum is not affected by the gen 
eral position of the transducer, except when the trans 
ducer is placed at either extreme end of the munition or 
above the ?ll line. It is further observed that the ?ll 
level does not have an appreciable effect on the fre 
quency signature except when the container is almost 
empty. It is found that one can establish the similarity 
and identity of contents of sealed containers on the basis 
of similarities of the reconstructed spectral signatures. 
These tests demonstrate that it is possible to rapidly 

?eld check a large number of sealed munitions in a 
non-intrusive and non-destructive manner. Analysis 
indicates a high correlation between similar rounds and 
rather low correlations between different chemical 
agents. 
What is claimed is: 
1. A conformable acoustic coupler for ultrasonically 

testing an article, said coupler comprising: 
a) an ultrasonic transducer having an active surface, 
which surface is capable of transmitting an ultra 
sonic energy pulse therethrough, said transducer 
comprising ultrasonic pulse generating means ca 
pable of applying an ultrasonic energy pulse by said 
active surface to an article; and ultrasonic sensor 
means capable of receiving and measuring an ultra 
sonic echo from said article in response to said 
applied ultrasonic energy pulse; and 

b) means for acoustically mating said article to the 
active surface of said transducer, said acoustic mat 
ing means comprising a layer of a gelatinous mate 
rial on said active surface and a ?exible ?lm on said 
gelatinous material layer, which ?lm substantially 
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does not react with and substantially does not ab 
sorb said gelatinous material; wherein said acoustic 
mating means is capable of conforming to the shape 
of at least part said article. 

2. The coupler of claim 1 wherein said ?exible ?lm 
comprises a material selected from the group consisting 
of polyvinylidene chloride, polyvinylidene ?uoride, 
polyethylene, and polyethylene terephthalate. 

3. The coupler of claim 1 wherein said ?exible ?lm 
has a thickness of from about 0.5 to about 1.0 mil. 

4. The coupler of claim 1 wherein said gelatinous 
material layer comprises a material selected from the 
group consisting of petroleum jelly, silicone grease, 
water based jellies and food gels. 

5. The coupler of claim 1 wherein said gelatinous 
material layer has a thickness of from about 0.125 to 
about 0.25 inch. 

6. The coupler of claim 1 wherein said transducer 
comprises a piezoelectric crystal. 

7. The coupler of claim 1 wherein said transducer 
generates an ultrasonic energy pulse having a frequency 
in the range of more than 0 to about 104 kHz. 

8. A method for ultrasonically testing an article com 
prising the steps of: 

i) providing an acoustic coupler, said acoustic cou 
pler comprising: 
a) an ultrasonic transducer having an active sur 

face, which surface is capable of transmitting an 
ultrasonic energy pulse therethrough, said trans 
ducer comprising ultrasonic pulse generating 
means capable of applying an ultrasonic energy 
pulse by said active surface to an article; and 
ultrasonic sensor means capable of receiving and 
measuring an ultrasonic echo produced by said 
article in response to said applied ultrasonic en 
ergy pulse; and 

b) means for acoustically mating said article to the 
active surface of said transducer, said acoustic 
mating means comprising a layer of a gelatinous 
material on said active surface and a ?exible ?lm 
on said gelatinous material layer, which ?lm 
substantially does not react with and substan 
tially does not absorb said gelatinous material; 
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wherein said acoustic mating means is capable of 45 
conforming to the shape of at least part said 
article; and , 

ii) juxtapositioning an article to be tested with said 
acoustic mating means such that said acoustic mat 
ing means conforms to the shape of at least part of 50 
said article; and 
iii) applying an ultrasonic energy pulse to said arti 

cle through said active surface and said acoustic 
mating means; and 

iv) receiving and measuring the ultrasonic echo 
produced by said article in response to said ap 
plied ultrasonic energy pulse. 

9. The method of claim 8 wherein said ?exible ?lm 
comprises a material selected from the group consisting 
of polyvinylidene chloride, polyvinylidene ?uoride, 
polyethylene, and polyethylene terephthalate. 

10. The method of claim 8 wherein said ?exible ?lm 
has a thickness of from about 0.5 to about 1.0 mil. 

11. The method of claim 8 wherein said gelatinous 
material layer comprises a material selected from the 
group consisting of petroleum jelly, silicone grease, 
water based jellies and food gels. 
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12. The method of claim 8 wherein said gelatinous 

material layer has a thickness of from about 0.125 to 
about 0.25 inch. 

13. The method of claim 8 wherein said transducer 
comprises a piezoelectric crystal. 

14. The method of claim 10 wherein said transducer 
generates an ultrasonic energy pulse has a frequency in 
the range of more than 0 to about 104 kHz. 

15. A method for ultrasonically testing a munitions 
article comprising the steps of: 

i) providing an acoustic coupler, said acoustic cou 
pler comprising: 
a) an ultrasonic transducer having an active sur 

face, which surface is capable of transmitting an 
ultrasonic energy pulse therethrough, said trans 
ducer comprising ultrasonic pulse generating 
means capable of applying an ultrasonic energy 
pulse by said active surface to a munitions arti 
cle; and ultrasonic sensor means capable of re 
ceiving and measuring an ultrasonic echo pro 
duced by said munitions article in response to 
said applied ultrasonic energy pulse; and 

b) means for acoustically mating said munitions 
article to the active surface of said transducer, 
said acoustic mating means comprising a layer of 
a gelatinous material on said active surface and a 
?exible ?lm on said gelatinous material layer, 
which ?lm substantially does not react with and 
substantially does not absorb said gelatinous 
material; wherein said acoustic mating means is 
capable of conforming to the shape of at least 
part said munitions article; and 

ii) juxtapositioning a munitions article to be tested 
with said acoustic mating means such that said 
acoustic mating means conforms to the shape of at 
least part of said munitions article; and 

iii) applying an ultrasonic energy pulse to said muni 
tions article through said active surface and said 
acoustic mating means; and 

iv) receiving and measuring the ultrasonic echo pro 
duced by said munitions article in response to said 
applied ultrasonic energy pulse. 

16. The method of claim 15 wherein said ?exible ?lm 
comprises a material selected from the group consisting 
of polyvinylidene chloride, polyvinylidene fluoride, 
polyethylene, and polyethylene terephthalate. 

17. The method of claim 15 wherein said ?exible ?lm 
has a thickness of from about 0.5 to about 1.0 mil. 

18. The method of claim 15 wherein said gelatinous 
material layer comprises a material selected from the 
group consisting of petroleum jelly, silicone grease, 
water based jellies and food gels. 

19. The method of claim 15 wherein said gelatinous 
material layer has a thickness of from about 0.125 to 
about 0.25 inch. 

20. The method of claim 15 wherein said transducer 
comprises a piezoelectric crystal. 

21. The method of claim 15 wherein said transducer 
generates an ultrasonic energy pulse having a frequency 
in the range of more than 0 to about 104 kHz. 

22. The method of claim 15 wherein said munitions 
article comprises an artillery shell. 

23. The method of claim 15 wherein said munitions 
article comprises a chemical warfare agent. 

24. The method of claim 22 wherein said munitions 
article comprises a chemical warfare agent. 
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