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ACOUSTI C TRANSDUCER FI ELD OF THE | NVENTI ON This invention relates tg

acoust i T, tTansducers and, nor e particularly, to a hydrophone for use in a
seismc streaner cable at depths down to 300 neters. BACKGROUND OF THE
| NVENTION U.S. Pat. Nos. 3,187,300 to Brate and 3,832,762 to Johnson et al.

di scl ose hydro%%éngavi ng conponent-to-conponent seals of epowysIchsss?
Patent No. 3,9 i scl oses an acoustic transducer which has no plastic

or epoxy parts exposed to the outside of thd transducer unit, to avoid
el ectrical |eakage caused by the epoxy or plastic absorbing salt from
exposure to salt water. However, tASOUSTICHFRANSDAIGERCcer appears, fromthe

patent, and fromthe technical speC|f|cat|ons of the com‘rermal enbodi nment ,
to be limted to depths of |ess t itk Ty £ u. S.

Patent No. 4,999, 81g. asé,&g,gfmﬁa@e% L o BASELS bRk pakichslydeep

subng€r gence appl i cations un rostatic pressures. I'i nes

31-32. However hyﬂemhmformsmxgegmmmerm ahwm#mn@%%@gfar%s it
is not as sensitive as desired gg i SNVENTQON St reaner cabl es
are usually used. What is needéd

I'S ' reat er SItIVIty,
for more accurate r&h8i FR}SN“ic’elat?éqgtt? @sqqe@ﬁd@p%?ﬁﬁg te S&‘?'E,’GEEEF g*
requires, aftemasshthésh vmgéo&q»ofx@dmw&nﬁmuf Ssalséf dpaRy.degr ees centi grade.
As a result of such healg t he _R’l%ode ?
atent No. 3,970,8 isc oses an acoustlc transducer which has no

plastic or epoxy parts exposed to the outside of the transducer unit, to avoid electrical

leakage caused by the epoxy or plastic absorbing salt from exposure to salt water.

However, the disclosed transducer appears, from the patent, and from the technical

specifications of the commercial embodiment, to be limited to depths of less than one

hundred and fifty feet. :

U.S. Patent No. 4,999,819 discloses an acoustic transducer for use in "deep

submergence applications under high hydrostatic pressures." Col.2, lines 31-32.

However, because it is designed for high hydrostatic pressures, it is not as sensitive
as desired for shallower water, where streamer cables are usually used. What is
needed is a transducer with greater sensitivity, for more accurate readings.

The construction of this transducer also requires, after assembly, curing for
ten minutes at 600 degrees centigrade. Asa result of such heat, if the piezoelectric
cell had been poled before assembly, it then has to be repoled. Piezoelectric cells
may be purchased already poled, so it is a waste of time and money to repole them.
What is needed is a transducer that does not require a curing which destroys the
original poling. .

Furthermore, after the repoling, the transducer then has to be stored for at
least ten days, to let the piezoelectric cell age, before calibrating the transducer.
Because the aging is not linear, most of the aging occurs within the first ten days.
The required storage time increases manufacturing time, and increases storage costs.
What is needed is a transducer that does not require an aging period after assembly.

SUMMARY OF THE INVENTION

The foregoing problems are solved and a technical advance is achieved by the
provision of an acoustic transducer assembly which includes: (a) a piezoelectric
ceramic crystal; (b) a pair of solid circular metal plates positioned to sandwich the
piezoelectric ceramic crystal between them, wherein each of the metal plates



cell -had been pol ed before assenbly, it then has to be repoled.
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In another feature of the invention, the epoxy wicking barrier comprises a
recessed inner rim. |

In another feature of the invention, the eﬁoxy wicking barrier comprises
masking tape attached to an inner edge of the outer rim.

In another feature of the invention, the flexing stop comprises the piezoelectric
ceramic crystal. .

In another feature of the invention, the flexing stop comprises a pedestal rim
attached to each of the first surfaces, midway between the center of the first surface
and the outer rim.

In another feature of the invention, a hydrophone includes the acoustic
transducer assembly, and further comprises: (a) a leader wire attached to a second
surface of each metal plate, the second surface being opposite the first surface, and
having a convex portion formed in it; (b) a case housing the pair of metal plates with
the attached leader wires; and (c) a potting sealant surrounding the pair of metal
plates and leader wires, and ﬁlling substantially all the space in the case not
occupied by the pair of metal plates and leader wires.

B C 1

The above-noted and other aspects of the present invention will become more
apparent from a description of the preferred embodiment when read in conjunction
with the accompanying drawings. The drawings illustrate the preferred embodiment
of the invention. In the drawings the same members have the same reference
numerals. '

FIG. 1 is a general overall view of an illustrative seismic streamer cable towed
behind a boat, the cable containing many hydrophones.

FIG. 2 is a perspective view of a hydrophone, containing an acoustic
transducer.



(1) an epoxy wi cking barrier formed in the first surface, adjacent to the
outer rim (c) an epoxy adhesive interposed between the netal plates and
thé pirezoelectric ceramc crystal, wherein the outer rimof each plate is
bonded to the piezoelectric ceramc crystal by the epoxy adhesive, the pair
of' plates thus fornmng a cavity between them and (d) a flexing stop
attached to eagqbhhisifs surface. In another feature of the invegpySinsisie
epoxy wi cking barrier conprises a recessed inner rim In another feature of
the invention, the epoxy w cking barrier corgsi.ses nmasking tape attached to
an inner edge of the outer rim In another feature of the invention, the

fl exi ng stop conpri §G. 3ais ppersprstive viewof the twi metal phated of anracomsbiciteansducer;
feature of the jigvention, the flexing stop conprises a pedestal rim
attached to each of the first surfaces, mdway between the center of the
first surface and t HdGoBh isran ¢xploded viemoeflone nietak plate anfd a piezdeletriv: deramica
hydrophone i ncleglgg). t he acoustic transducer assenbly, and further
conprises: (a) a Ieg&&r wire attached to a second surface of each netal
plate, the second sdifatés belangieypba pelid eirpalarimetal plate; which camprises parh ofy
convex porti on gnOdcotstid thandducdrd) a case housing the pair of netal plates
with the attached | eL.wres; . an c) a pQtting seal ant surrounding the
pair of netal plat e?qglnélqﬁ F"W%ﬁé‘?%ﬂﬁ?@lﬁ%&%ﬁ%k%?‘éﬂwlﬁ}elﬁ§ﬁé
space in the cd@.aot occupied by the pair of netal plates and | eader -

W res. FIG. 6 is an enlarged view of a portion of FIG. 5.

DETAILED D N OF ERRED
FIG. 1 depicts a seismic streamer cable 10 towed behind a boat 12. The cable
10 contains hydrophones 14,

" FIG. 2 is a perspective view of a hydrophone 14, containing an acoustic
transducer 20. The transducer 20 has a leader wire 22 attached to a metal plate 24,
and a leader wire 26 attached to a metal plate 28. The transducer 20 is surrounded
by polyurethane 30, filling a boot 32. The polyurethane 30 must be, as much as
possible, acoustically transparent. This is done by selecting a polyurethane which
has, as much as possible, the same acoustic characteristics as sea water, or as the
Isopar H, manufactured by Exxon, in which the hydrophone is immersed inside the
marine seismic streamer cable 10. Similarly, the boot 32 must be, as much as
possible, acoustically transparent. The boot 32 is made of a thin, soft, flexible vinyl.

The polyurethane 30 is model no. HMP-85, manufactured by Fluid Polymers,
in Las Vegas, NV, which is a division of Chase Corp. in Pittsburgh, PA. The boot 32
is a boot manufactured by Mocap Inc. in St. Louis, MO.

FIG. 3a is a perspective view of the two metal plates 24, 28 of the acoustic
transducer 20. The two plates are identical. Each has a diameter less than one inch,
and is slightly concave. FIG. 3b is an exploded view of the metal plate 24 and a
piezoelectric ceramic crystal 36.

FIG. 4 is a plan view of a concave side 38 of the solid circular metal plate 24.

. _ The plate 24 includes an outer rim 40 and a recessed inner rim 42. The diameter of
the piezoelectric ceramic crystal 38 is less than the diameter of the plate 24, but is
greater than the diameter of the recessed inner rim 42. The two plates 24, 28 are
put together with their concave sides 38 facing each other, the piezoelectric ceramic

crystal 36 between them, and an epoxy adhesive 54 is interposed between the metal



BRI EF DESCRI PTI.ON OF THE DRAW NGS The above-noted and ot her aspects of the
present invention will becone nore apparent froma description of the
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conductive filler, is Eco-bond, made by Emerson & Cuming, in Woburn,
Massachusetts.

The recessed inner rim 42 acts as a wicking barrier, so that when the epoxy
adhesive is placed on the plates 24, 28, it does not "wick" further along from the
outer rim 40 towards the center of the piezoelectric ceramic crystal 36 and the plates
24, 28. Another less effective form of a wicking barrier would be to put masking tape
along the inner perimeter of the outer rim 40.

FIG. § is a side sectional view of the metal plate 24, taken along the line 5-5
of FIG. 4. Proceeding from the recessed inner rim 42 towards the center of the plate,
the plate thickens and then thins to be thinner at the center than at either of the
rims 40, 42, Also depicted in FIG. 5 is the crystal 36, glued to the outer rim 40. The
crystal 36 is a little more than twice as thick as the depth of the recessed inner rim
42, A convex side 44 of the plate 24 includes a small radius curve 46 and a large
radius curve 48. In operation, as pressure increases on the outside of the hydrophone
14, a center 50 of the convex side 44 is pushed inwardly. The crystal 86 acts as a
flexing stop to stop the inward movement of the center 50. To achieve less flexing, a
flexing stop could also be achieved by a pedestal rim attached to each of the concave
sides 38, midway between the center 50 and the outer rim 40. Still another flexing
stop could be achieved by a small pedestal attached at the center 50.

Referring to both FIG. 4 and FIG. 5, the inner dotted circle §2 shown in FIG.
4 is where the small radius curve 46 meets the outer rim 40 on the convex side 44.

FIG. 6 is an enlarged view of a portion of FIG. 5, at the point of the juncture
of the crystal 36 and the rims 40, 42. The width of the recessed inner rim 42 is
greater than the width of the outer rim 40.

The hydrophone 14 is made in the following steps. l First, the previously
polarized piezoélectric crystal 86 is positioned to be sandwiched between the pair of
solid circular metal plates 24, 28. The epoxy adhesive 54 is then applied to the outer
rims 40 of the plates. The plates 24, 28 and the crystal 36 are then put together,
with the erystal sandwiched between them, and the plates are held together by a

clamp while the epoxy adhesive 54 cures, thus forming the acoustic transducer
assembly 20.
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manufacturers of the epoxy adhesive 54 would have different curing temperatures
and times. :

After the acoustic transducer assembly 20 has been cured, it is encapsulated
in the flexible case, or boot 32, with the polyurethane potting sealant 30 to form a
potted assembly 20. Finally, the potted assembly 20 is cured at temperatures less
than 150 degrees centigrade to form the hydrophone 14.

Although an illustrative embodiment of the invention has been shown and
described, other modifications, changes and substitutions are intended in the
foregoing disclosure. Accordingly, it is appropriate that the appended claims be
construed broadly and consistent with the scope of the invention.



pi ezoel ectric ceramc crystal 36—FG-4 is a plan view of a concave side
38 of the solid circular netal plate 24. The late 24 includes an outer rim
40 and. a-recessed inner rim 42, Tqﬂm :lu" Ii"g pi ezoel ectric ceranic
crystal 36 is less than the di anet 4, but is greater than
the di aneter of the recessed inner he t wo pI ates 24, 28 are put
together with tweisrsiziencave sides 38 faC| ng each other, the pIPe'ZId&SPGGGQWl C
ceram c crystal 36 between them and an epOXé/ adhesive 54 is interposed
bet ween the net aI WO 97/ 13163

PCT/ US96/ 15897 T%@Wé 28 and the piezoelectric ceramc crystal 36.
The outer ri m4 rs bonded to the piezoelectric ceramc
crystal 36 by the epaxguconstietriausiuoedr assémblyabmprifingl at es thus fornming a
cavity between them The e;g(&’,&‘élea%% 1:,a\illlne1 2431?“ _,th a conductive filler, is

Eco- bond, made by Erfr soff m ng, Massachusetts. The recessed
inner rim42 acts ash.a vmacpamg'doﬁdlcirmlar meta] plates,positionbd tepmdwichdhesi ve i s
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rim40 towards the center o ezoe rrc ceramc cr sta
the plates 24, 28. Anot hmlaﬂeesmMﬂeectuve formof a w cking barr| er woul d

be to put mas ki ng tape j an outer rim circling a concave portion formed in a first surface
of the metal plate, the first surface oriented toward the
piezoelectric ceramic crystal; and

ii. an epoxy wicking barrier formed in the first surface, adjacent to
the outer rim; and
c. a conductive epoxy adhesive interposed between the metal plates and
' the piezoelectric ceramic crystal, wherein the outer rim of each plate is
bonded to the piezoelectric ceramic crystal by the epoxy adhesive, the
pair of plates thus forming a cavity between them; and
d. a flexing stop attached to each first surface.

2. The acoustic transducer assembly of claim 1, wherein the epoxy wicking
barrier comprises a recessed inner rim.

3. The acoustic transducer assembly of claim 1, wherein the epoxy wicking
barrier comprises masking tape attached to an inner edge of the outer rim.

4. The acoustic transducer assembly of claim 1, wherein the flexing stop

comprises the piezoelectric ceramic crystal.

5. The acoustic transducer assembly of claim 1, wherein the flexing stop
comprises a pedestal rim attached to each of the first surfaces, midway
between the center of the first surface and the outer rim.

6. The acoustic transducer assembly of claim 1, further comprising:

a. a leader wire attached to a second surface of each metal plate, the
second surface being opposite the first surface, and having a convex
portion formed in it;

b. a case housing the pair of metal plates with the attached leader wires;
and

c. a potting sealant surrounding the pair of metal plates and leader wires,
and filling substantially all the space in the case not occupied by the
pair of metal plates and leader wires.



alomg the inner perineter of the outer rim40. FIG 5 is a side sectional
view of the nmetal plate 24, taken along the line 5-5 of FIG_4. Proceeding
fromthe recessed I1nner rim42 towards the center of the plate, the plate
t hi ckens and then thins to be thipnm ““n Hmré; than at either of the
ri'ms 40, 42. Also depicted in FI Gnmm‘ _ ﬁm I 36, glued to the outer
rima40. The crysédnsad is a little*nmofe thdn fw e as thick apcibesdssdrh of
the recessed inner rim42. A convex-side 44 of the plate 24 includes a
smal | radius curve 46 and a |l arge radius cuffive 48. |In opéeration, as
pressure increases on the outside of the hydrophone 14, a center 50 of the
convex side 447 s pTahaceupticiranducerpsserably of claing §, whereingthepottingeatant imp t o
stop the inward nov tidnel e center 50. To achieve less flexing, a
flexing stop could al so be achieved by a pedestal rimattached to each of
the concave sifles 3Bhe AsoUsHS trBRIdNeer AsEerably of claim Sowhergin the fleyingrsten m 40.
Still another flexi agngrided tikeopibtbelierRCaraNedryitala smal | pedestal attached

at the center J0. erring to th FIG_ 4 d FIG _ 5, the inner dotted
circle 52 showﬁ' i nRﬁ‘@“&”ﬁ%“ﬁﬂ%ﬁé&ﬁﬁé’@mﬁaﬁﬁﬂizug’h%rtﬁ}'\/@em@ t he
outer rim40 on theconmyrisex apedestal4im httachd toeacti ofthe Freasirfacss)\nidway portion
of FIG 5, at the p

,nt of, the jupcture of the crystal 36 and the rins 40,
42. The width of t hBePEen eﬁnﬁﬁgfner%’ﬂi‘?%“gﬁéﬁ%&’f% the width of the
outer rim40. Tbe hidydpdphnee dotnprisimgade in the following steps. First, the
previ ously pol ari zegd pie  C stal .36 is positioned to be
sandw ched bet ween g’he pé?ﬁk%?&g%ﬁeg cfr%ﬁ@f netal plates 24, 28. The
epoxy adhesive 54 ib. t hempaippf salid cirgulah enetaltates positioned to sandwich the
piezoelectric ceramic 'crystal between them, wherein each of the metal

plates comprises:

i an outer rim circling a concave portion formed in a first surface
of the metal plate, the first surface oriented toward the
piezoelectric ceramic crystal; and

ii. an epoxy wicking barrier formed in the first surface, adjacent to
the outer rim; and

c. an epoxy adhesive interposed between the metal plates and the
piezoelectric ceramic crystal, wherein the outer rim of each plate is
bonded to the piezoelectric ceramic crystal by the epoxy adhesive, the
pair of plates thus forming a cavity between them;

d. a flexing stop attached to each first surface;

a leader wire attached to a second surface of each metal plate, the

second surface being opposite the first surface, and having a convex

portion formed in it;

f. a case housing the pair of metal plates with the attached leader wires;
and

g a potting sealant surrounding the pair of metal plates and leader wires,
and filling substantially all the space in the case not occupied by the

’ pair of metal plates and leader wires.
11. ° The hydrophone of claim 10, wherein
a. the epoxy wicking barrier comprises a recessed inner rim;

b. the flexing stop comprises the piezoelectric ceramic crystal; and
C. the potting sealant is polyurethane.



rins-40 of the plates. The plat e&ﬂq%a\wﬁ(?Jstal 36 are then put
together, with the crystal sandw ched between them —and the plates are held
t oget her- by 'a clanp while the epox”mmm”mum es, thus forming the
acoustic transducer assenbly 20. I mm ,

PCT/ US96/ 15897 -5 - The acoustic transtucer *assenbly 20 is cured at
tenperatures | ewaot/isae3 150 degrees centigrade. |n~the preferrREIHIMBA t he
curing tenperature i s 65 degrees centigrade, about one hundred forty-nine
degrees fahrenheit. This |ow tenperature cdfimg, as opposed to the high
tenperatures reguired t upe an assenbl.y made wth sol der,.avoids the
prior art problelgm o] ‘6‘8‘3@85}“&3“13%‘?%%19 NS PIEHSEE tﬁﬁgteﬁf gfmel ectric
ceram c crystal 36. aThe essembling e prexiaisly polarized pdezveledtric cxystad mdthngpie of he
manuf acturer's specificat] I i.f: . . degr ees
centigrade for one hour, L%@n%{cuﬁg%ﬁg@gégggﬂé%&?#g?%%ﬁ%?}oﬁ%%% .

Di fferent manufacturers oframiecrystakbetweéretliems whereim ah épéry\adhesivé isrinterposed

curing tenperatures and tj sazﬁa”tﬁ&i -g&f&@n
has been cured, it is en%%%ﬁ?gﬁ%‘gfa}ltptm&ee Texi lgreezwég%gev%rﬁﬁboo ,%W&?h
t he pol yur et hane potti ngaBaatuskic tragsduser agsambly;

b. curing the acoustic transducer assembly at temperatures less than 150
degrees centigrade;
c. encapsulating the acoustic transducer assembly in a flexible case with a

polyurethane potting sealant to form a potted assembly; and
d. curing the potted assembly at temperatures less than 150 degrees
centigrade to form a hydrophone.



pott.ed assenbly 20. Finally, the potted assenbly 20 is cured at
tenperatures | ess than 150 degrees centigrade.tg formthe. hydrophone.14.
Although an i1Tustrative enbodi nent of the invention has been shown and
descri bed, other nodifications, changes and substitutions are intended in
the foregoing disclosure.- Accordingly, it is appropriate that the appended
cl ai ns be conswouggﬂsgsoadl y and consistent with the scope of dchasesnssort i on.
WD 97/ 13163 PCT/ US96/ 15897
-6 - WHAT IS CLAIMED | S: 1. An acoust jm transducer assenbly conprising:
a. a piezoelectric ceramc crystal; b. a pair of solid circular netal
pl ates positioned to sandwi ch the piezoelectric ceram c crystal between
them wherein each of thgﬁﬁ'ﬁ" ates conprises: i. an outer rim
circling a concave porti dinafirst surface of the netal plate,
the first surface oriented toward the piezoelectric ceramc crystal; and
ii. ° an epoxy wicking baggier fornmed in tt}@ first surface, adjacent to
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the outer rim and c. a conductive epoxy adhesive interposed between the
metal plates and the piezoelectric ceramc _crystal. wherein_the outer rim
of "each plate is bonded to the piezoelectric ceramc crystal by the epoxy
adhesive, the pair of plates thus formng a cavity between them and d.

a flexing stop attached to each first surface. 2. The acoustic
transducer assgphlbyyapfs claim 1, wherein the epoxy w cking barpéfisgeasmyi ses
a recessed inner rim 3. The acoustic transducer assenbly of claim1,
wherein the epoxy w cking barrier conprises nmasking tape attached to an

i nner edge of the outer rim 4. The acoustic transducer assenbly of
claim1, wherein the flexing stop conpr?@%s the piezoelectric ceramc
crystal. 5. The acoustic transducer assenbly of claim1, wherein the
flexing stop conprises a pedestal rimattached to each of the first
surfaces, mdway between the center of the first surface and the outer rim
6. The acoustic transducer assenbly of claim1, further conprising: a.

a leader wire attached to a second surface of each netal plate, the second
surface being opposite the first surface, and having a convex portion
formed init; b. a case housing the pair of netal plates with the
attached | eader wires; and

20
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C. *a potting seal ant surrounding the pair of nmetal plates and | eader
wres, and fiilling substantially all the space in the case not occupied by
t he pai-r ‘of nmetal plates and | eader wres. WO 97/ 13163

PCT/ US96/ 15897 -7- 7. The acoustic transducer assenbly of claim®6,
wherein the potting sealant is polyurethane. 8. The acoustic transducer
assenbly of cl ajvodnaggherein the flexing stop conprises the piggzaR mgg.,i C
ceram c crystal. 9. The acoustic transducer assenbly of claim 2, erein
the flexing stop conprises a pedestal rimattached to each of the first
surfaces, m dway between the center of Qe first surface and the outer rim
10. A hydr ophone conprising: a. a“prezoelectric ceramc crystal; b.

a pair of solid circular netal plates positioned to sandw ch the

pi ezoel ectric ceram c crystal between them wherein each of the netal

pl ates conprises: i. an outer rimcircling a concave portion forned in a
first surface

-

FIG. 3b

FIG. 3a




of the nmetal plate, the first surface oriented toward the piezoelectric
ceram c crystal; .and ii. an epoxy w cking barrier formed in the first
surfage, adjacent to the outer rim and c. an epoxy adhesive interposed
between the netal plates and the piezoelectric ceramc crystal, wherein the
outer rimof each plate is bonded to the piezoelectric ceram c crystal

t he epoxy adhe&b kge pair of plates thus formng a caV|tyP &hhem
d. a flexing stop attached to each first surface; e. | eader wire
attached to a second surface of , each netal plate, the second surface being
opposite the first surface, and having a déhvex portion fornmed in it; f.

a case housing the pair of netal plates with the attached | eader wires; and
g. a potting sealant surrounding the pair of metal plates and | eader
wires, and filling substantially all the space in the case not occupi ed by
the pair of netal plates and | eader wires. 11. The hydrophone of claim
10, wherein a. the epoxy w cking barrier conprises a recessed inner rim
b. the flexing stop conprises the piezoelectric ceramc crystal; and c.

t he potting seal ant is pol yurethane.
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(57) Abstract

An acoustic transducer assembly includes a piezoelectric ceramic crystal. The assembly also includes a pair of solid circular metal
plates positioned to sandwich the piezoelectric ceramic crystal between them, wherein each of the metal plates comprises: (i) an outer rim
circling a concave portion formed in a first surface of the metal plate, the first surface oriented toward the piezoelectric-ceramic crystal; and
(i) an epoxy wicking barrier formed in the first surface, adjacent to the outer rim. The assembly also includes an epoxy adhesive interposed
- between the metal plates and the piezoelectric ceramic crystal, wherein the outer rim of each plate is bonded to the piezoelectric ceramic
crystal by the epoxy adhesive, the pair of plates thus forming a cavity between them. The assembly also includes & flexing stop attached
to each first surface.
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