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METHOD AND APPARATUS FOR MEASURING A HYDROPHONE PARAMETER

CROSS-REFERENCE TO RELATED APPLICATION

The present document is based on and claims priority to U.S. Provisional Application
Serial No. 61/260.841, filed November 12, 2009, the contents of which are incorporated for all

purposes herein.

BACKGROUND OF THE DISCLOSURE

Field of the Invention

The present disclosure relates to techniques for measuring parameters of hydrophones,
such as techniques for determining acceleration compenéation of hydrophones. Although a

general area of applicability is listed, other areas not expressly defined may also fall within the

intended and implied scope of the present disclosure.

Background of the Related Art

The following descriptions and examples are not admitted to be prior art by virtue of their

inclusion in this section.

‘Geologic structures are mapped by creating seismic waves from an artificial source and
recording data from the seismic waves with receivers in a borehole. The data comprises arrival
tihle and shape of the waves retlected from acoustic-impedance contrasts. For example, a check-
shot survey uses the direct path from source to receiver to measure travel times, whereas a
Vertical Seismic Profile (VSP) survey uses the reflected energy recorded at each receiver
position, as well as the direct path from source to receiver. For example, in an offshore
environment air-guns may be used as the source of acoustic energy. The air-gun source and a
hydrophone(s) are deployed over the side of a rig and positioned a few meters below the sea

surface. The air gun source typically generates a signal bandwidth from 5-250 Hz.

Hydrophones, as the name suggests, are used to record/measure energy or pressure waves

propagating through the sea. As such, hydrophones are used in many applications, including use

CONFIRMATION COPY



10

15

20

25

30

CA 02779941 2012-05-03

WO 2011/058403 PCT/IB2010/002752
, .

in proximity to an air-gun to measure the energy of an acoustic source. The acoustic source may
be towed in an array behind a boat or positioned in proximity. to a marine borehole. However, 1n
each of these environments, a certain amount of noise exists which is caused by various
phenomena. Noise affects the quality of the measurements in a negative way. One such

example i1s noise due to the external acceleration forces acting on hydrophones. This

“acceleration may be due to movement of water past the hydrophone as it is pulled 1n a streamer

behind a vessel, movement of water past the hydrophone suspended beneath a buoy, movement
of fluid past the hydrophone in a wellbore, or due to various other movements which create
acceleration forces. Noise due to acceleration may be dealt with by using an acceleration
canceling hydrophone employing various techniques, including passive and active compensation

to accomplish the "acceleration canceling".

To test the “acceleration canceling” quality and performance of hydrophones, the industry '
has adopted several testing methods. One testing method involves lowering the hydrophone into
a deep pool to provide the necessary hydrostatic pressure to replicate actual use in the sea. The
replication is necessary because the physical construction of the hydrophone is affected by
hydrostaﬁc pressure that, in-turn, affects the performance of the hydrophone and its acceleration
canceling feature. Once located in the deep pool, the hydrophoné is shaken to replicate the noise
while measurements are taken to determine hydrophone performance. The measurements are
obtained and compared with measurements from a reference hydrophone or sensor to achieve a
control measurement. Howevér, this type of approach to testing is very costly (infrastructure),

dangerous, and difficult to implement.

Another testiﬁg method involves testing the hydrophone in the air without any hydrostatic
pressure being applied. This typically i1s referred to as the "‘Shakef” method and includes
mounting a hydrophone to a shaker table/mechanism or speaker and measuring the hydrophones
response to movement. Although such technique is well known and is able to utilize standard
lab equipment, the approach also has many disadvantages. For example, tests conducted in
atmospheric conditions do not test the hydrophone in representative working conditions.
Therefore, such testing cannot be represehtative of the working performance of the hydrophone.
For example, such testing cannot provide an accurate indication of hydrophone acceleration

canceling properties in a fluid medium or marine environment.
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SUMMARY

Embodiments of the present disclosure generally relate to a method and system for
measuring parameters of hydrophones, such as measurement of hydrophone -acceleration
canceling properties. The technique involves testing a selected hydrophone under conditions
representative of the actual conditions in which the hydrophone is to be operated. By using the
representative conditions, the acceleration canceling properties of the hydrophone and/or other
i:aarameters of the hydrophone are more accurately determined. In one embodiment, a fluid filled

pressure vessel is used to enclose the hydrophone while mounted to a vibratory source to more

‘accurately determine the acceleration canceling properties of the hydrophone.

Other or alternative features will become apparent from the following description, from the

drawihgs, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Certain embodiments of the invention will hereafter be described with reference to the
accompanying drawings, wherein like reference numerals denote like elements. It should be
understood, however, that the accompanying drawings illustrate only the various
implementations described herein and are not meant to limit the scope of various technologies

described herein. The drawings are as follows:

FIG. 1 illustrates an example of a survey system utilizing a hydrophone which has been

tested for acceleration compensation, according to an embodiment of the present invention;

FIG. 2 illustrates an example of a type of hydrophone measured for acceleration

compensation, according to embodiment of the present invention;

FIG. 3 illustrates another example of a type of hydrophone measured for acceleration

compensation, according to embodiment of the present invention;
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FIG. 4 1illustrates a side view of the hydrophone illustrated in FIG. 3, according to an

embodiment of the present invention;
FIG. 5 1s a diagram of acceleration canceling capabilities of a hydrophone;

FIG. 6 illustrates a graph showing acceleration canceling values of a plurality of

hydrophones tested at non-i1deal atmospheric conditions;

FIG. 7 schematically illustrates an example of a system for measuring acceleration

compensation of a hydrophone, according to an embodiment of the present invention;

FIG. 8 is another schematic illustration of the system illustrated in FIG. 7, according to an

embodiment of the present invention;

FIG. 9 schematically illustrates another example of a system for measuring acceleration

compensation of a hydrophone, according to an embodiment of the present invention;

FIG. 10 is another schematic illustration of the system illustrated in FIG. 9, according to an

embodiment of the present invention;

FIG. 11 illustrates a table showing acceleration canceling values ot a plurality of

~ hydrophones at a drive frequency of 20 Hz;

FIG. 12 illustrates a table showing acceleration canceling values of a plurality of

hydrophones at a drive frequency of 80 Hz; and

FIG. 13 illustrates a cross-sectional view of one example of a pressure chamber for
measuring acceleration compensation values of hydrophones, according to an embodiment of the

present invention.
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DETAILED DESCRIPTION

[llustrative embodiments and aspects of the present disclosure are described below. It will
of course be appreciated that in the development of any such actual embodiment, numerous
implementation-specific decisions must be made to achieve the developers’ specific goals, such
as compliance with system-related and business-related constraints, which will vary from one
implementation to another. Moréover, it will be appreciated that such development effort might |
be complex and time-consuming, but would nevertheless be a routine undertaking for those of

ordinary skill in the art having the benefit of this disclosure.

2% &6 22 &6

Reference throughout the speciﬁcation to “one embodiment,” “an embodiment,” ‘“some

272 &6 22 46

embodiments,” “one aspect,” “an aspect,” or “some aspects” means that a particular feature,
structure, method, or characteristic described in connection with the embodiment or aspect i1s
included in at least one enibodiment of the present disclosure. Thus, the appearance of the
phrases “in one embodiment” or “in an embodiment” or “in some embodiments™ in various
places throughout the specification are not necessarily all referring to the same embodiment.
Furthermore, the particular features, structures, methods, or characteristics may be combined 1n
any suitable manner in one or more embodiments. The words “including” and “having” shall

have the same meaning as the word “comprising.”

Moreover, inventive aspects lie in less than all features of a single disclosed embodiment.
Thus, the claims following the Detailed Description are hereby expressly incorporated into this
Detailed Description, with each claim standing on its own as a separate embodiment of this

invention.

FIG. 1 illustrates an example of how a hydrophone 20 may be employed after measuring
the acceleration compensation or other parameters of the hydrophone. In this example, a seismic
sur\}ey is performed with the aid of receivers 22 positioned along a borehole 24 beneath a rig 26.
The rig 26 is located in a sea region 28 and suspends a seismic source 30 via, for example, a
buoy 32." Geologic structures may be mapped by creating seismic waves from the seismic source
30. By way of example, seismic source 30 may comprise one or more air-guns. The seismic

source 30 and hydrophone 20 are deployed below the surface of sea 28. For example, buoy 32
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may be used to maintain the seismic source 30 at a desired, constant depth (e.g. 3-5 m) beneath
the surface. Similarly, the buoy 32 maintains the hydrophone 20 at a desired, constant depth

(e.g. 3-5 m) beneath the seismic source 30.

However, one or more hydrophones 20 may be subjected to acceleration compensation
measurement prior to use in a variety of seismic survey applications, including use with seismic
arrays towed through sea region 28 via a suitable tow vessel. Regardless of the specific type of
seismic survey and the specific use of hydrophone 20, the system and methodology described
herein facilitate measurement of a desired parameter, e.g. acceleration compensation, of the
hydrophone 20. Knowledge of the acceleration compensation enables accumulation of more

accurate data from the hydrophone 20.

Referring generally to FIG. 2, an example of hydrophone. 20 is illustrated as comprising
pressure sensitive piezo-electric elements 34 coupled with a matching transformer 36 that
operates to match the frequency response of the hydrophone. The transformer 36 also may
function to lower output impedance for matching an input recording device when the
hydrophone 20 is connected through long cables. In this specific example, the hydrophone 20

employs single-sided ceramic discs 38 with a spacer 40 between each pair of ceramic discs 38.

 The ceramic discs 38 may be mounted on opposite sides of the spacer 40 via mounting discs 42,

such as copper mounting discs. The positive sides of the ceramic discs 38 point in opposite
directions on the outer surfaces of the assembly. In this embodiment, both positive sides are
wired in parallel to connect to one side of the matching transformer 36. Both negative sides are

wired in parallel to connect to the other side of the matching transformer 36, as 1llustrated.

A more generalized hydrophone 20 is schematically illustrated in FIGS. 3 and 4. In this
embodiment, piezo-electric elements 34 comprise a pair of bending diaphragms 44 with a pair of

ceramic discs 46 attached, e.g. glued, on both sides of each diaphragm 44. An air cavity 48 is

~disposed between the pairs of ceramic discs 46, and matching transformer 36 works 1n

cooperation with the piezo-electric elements 34. If the ambient pressure increases, the pressure -
bends the elements 34 to compress the air in air cavity 48. The bending stress causes motion of

electrons on the surface of the ceramic discs 46, and the charge of the electrons is converted to

‘electric signals by using a step-down transformer. The capacitance of the piezo-ceramic material
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of the ceramic discs 46 and the inductance of the transformer 36 normally are chosen to match

the natural frequency of the hydrophone 20, e.g. geophone.

The different ways in which external noise/acceleration and pressure affects hydrophone
20 1s best illustrated in FIG. 5, which demonstrates a passive acceleration compensation
technique. As illustrated, when the hydrophone 20 uﬁdergoes no pressure or motion, there 1s no
movement of the diaphragm 44 and the overall piezo-¢electric elements 34 are similarly stable, as
represented by section 50 of FIG. 5. Under pressure, however, the diaphragms 44 and elements
34 are deformed ih opposite directions and provide an output relative to the pressure, as
represented by section 52 of FIG. 5. Under motion, €.g. motion caused by movement of the
hydrophone 20 (external noise/acceleration), the diaphragms 44 and elements 34 are deformed 1n
the same direction, as represented by section 54 of FIG. 5. The defonnation caused by
mdvement can be theoretically compensated, e.g. eliminated, by appropriately wiring the
hydrophone, thus resulting in a null or non-output. In other words, the acceleration of the

hydrophone, caused by the external movement, can be “canceled” or “compensated.”

Referring generally to FIG. 6, test fesults are illustrated graphically regarding measurement
of acceleration compensation for two selected hydrophones 20 and a reference hydrophone at
atmospheric conditions which, as discussed above, are not ideal. The test results provide
nieasured acceleration compensation of the hydrophones graphed relative to drive frequency.
Acceleration cancelling values were calculated using an output of the hydrophones being
measured (Hyd 1, Hyd 2 and Ref Hyd) and an output of a reference accelerometer. If the
acceleration cancelling of the hydrophone could be perfect, e. g.~ if the hydrophone could cancel
or compensate for all external acceleration, then the resultant -values would be (0) zero.
However, because the acceleration cancelling is not perfect, the output of the hydrophone,

without further manipulation, would silhply be a relative, iIncomparable value.

To provide a platform of proper comparison, the theoretical true acceleration of the

hydrophone can be obtained through the use of an accelerometer, thus permitting calculation of a

‘true’ or ‘absolute’ acceleration cancelling value, enabling comparison to other hydrophones.

However, as described previously, this method has major drawbacks in actual implementation
and results in information that is not representative of the true acceleration compensation

abilities of the hydrophone. The present system and methodology enables testing of hydrophone
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20 under conditions representative of the actual conditions in which the hydrophone 20 is to be
operated. Consequently, the true performance of these canceling or compensating features of the

hydrophone, whether passive or active, can be readily measured.

Referring generally to FIGS. 7 and 8, an example of a testing apparatus 56 and-
corresponding method is illustrated. In this embodiment, the testing apparatus 56 comprises a
pressufe vessel 58 having an interior pressure chamber 60. The pressure vessel 58 and its
interior chamber 60 are approprnately sized to contain, e.g. enclose, one or more hydrophones 20.
In the example illustrated, a test hydrophone 20 is positioned within pressure vessel 58 along
with a reference hydrophone 62. The pressure vessel 58, hydrOpho'ne 20, and reference
hydrophone 62 are connected to a vibratory source 64, such as a vibration table 66. By way of
example, the pressure vessel 58 may be mounted on top of vibratory source 64, and hydrophone
20 and reference hydrophone 62 may be secured within pressure chamber 60. A reference
accelerometer 68 also may be mounted on vibratory source 64 at, for example, a position
external to pressure vessel 58 to help provide a baseline for determining an absolute acceleration

canceling value of hydrophone 20.

The pressure chamber 60 of pressure vessel 58 is filled with a fluid 70 which may be
pressurized to a desired pressure to establish conditions representative of the actual conditions in
which the hydrophone 20 is to be operated. The fluid 70 may comprisé a gas, such as air or
nitrogen, but the fluid also may comprise a liquid, sﬁch as water or another suitable liquid able to
replicate or at least approximate actual conditions in which the hydrophone 20 is to be operated.
[n many applications, the use of a liquid, e.g. water, is more useful in measuring the acceleration

compensation of a given hydrophone or hydrophones 20 because of the similarity to the actual

- environment in which the hydrophone 20 is employed. The density of water, for example, 1s

approximately 1000 kg/m’ whereas the density of air is only approximately 1.2 kg/m3 .
Hydrophones 20 typically are designed for use underwater for recording or listehing to
underwater sound and thus testing the hydrophone 20 in liquid within pressure vessel 58 can

provide better measurements of hydrophone acceleration compensation.

The data output from hydrophone 20, reference hydrophone 62, and reference
accelerometer 68 may be output via output lines 72 for analysis and/or display. According to

one embodiment, the data is output to a pre-amplifier 74 which then outputs the appropriately
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amplified data for processing and display on a digital scope 76 or other suitable device. As
illustrated in FIG. 8, the data may be provided to a processor-based control system 78 which 1s
communicatively coupled to the hydrOphone 20 to measure a parameter of the hydrophone 20
while the vibfatory source 64 is moving the pressure vessel 58. The processor-based control
system 78 comprises a processor 80 which may be programmed to process and analyze a variety
of data/parameters received from hydrophone 20, reference hydrophone 62, and/or reference
accelerometer 68 according to suitable algorithms or models for determining acceleration

compensétion and/or other hydrophone parameters.

In one test procedure, the processor 80 is communicatively coupled to the hydrophone 20
to collect acceleration canceling measurement data of the hydrophone 20 while the vibratory
source 64 is activated and the pressure vessel 58 is pressurized. The data from hydrophone 20,
reference hydrophone 62, and reference accelerometer 68 1s readily analyzed via processor 80 to
determine desired parameters, such as the absolute acceleration. canceling value of the
hydrophone 20. The processed results may be output to an appropriate display 82 in the form of
graphs, tables, or other suitable indicia. In the specific example illustrated, digital scope 76 1s
part of (or works 1n '000peration with) the processor-based control systém 78. Additionally, the
processor-based control system 78 may be coupled with hydrophone 20, as well as reference

hydrophone 62 and reference accelerometer 68, in the form of a closed loop control.

The vibratory source 64 is connected to hydrophone 20 via a presSure vessel 58 1n a
manner designed to simulate external accelerations that the hydrophone 20 would undergo in
working conditions. According to one example, the hydrophone 20 1s vibrated by rnouhting the
pressure vessel 58 fixedly on vibrating table 66 and fixedly mounting the hydrophone 20 inside
the pressure vessel 58. If a reference hydrophone is used, the reference hszdrophone also may be
fixedly mounted inside the pressure. vessel 58. In the particular example illustrated, pressure
vessel 58 is mounted to vibration table 66 so that the vibration motion direction, as represented
by arrow 84, is perpendicular to the mount direction of hydrophone 20 and reference hydrOph’one
62, as best illustrated in FIG. 8. As a consequence of the pressure vessel, hydrophone
arrangement, and proce.ssor-based control system, a more representative measurement of the true

acceleration compensation abilities of hydrophone 20 may be obtained.
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In the example illustrated, pressure is applied to pressure chamber 60 by a pressure system
85 having a pressurized fluid source 86, such as a pressurized nitrogen source. The pressurized
nitrogen may be routed directly into pressure chamber 60 to surround hydrophone 20 and any -
reference hydrophones 62. Alternatively, the pressurized nitrogen may be used to pressurize a
separate fluid, e.g. a liquid contained in pressure chamber 60, through an apﬁropriate interface

mechanism. In the example illustrated, pressurized fluid, e.g. nitrogen, is delivered from

~ pressurized fluid source 86 through a regulator 88 and to a control valve 90. In this example, the

high-pressure fluid passes through control valve 90, through a pressure gauge 92, and through a

- second control valve 94 before being delivered to presSure vessel 58. Of course, a variety of

valves, regulators, high-pressure lines, and other components may be utilized to pressurize the

gas or liquid within pressure vessel 58.

An alternate embodiment of testing apparatus 56 is illustrated in FIGS. 9 and 10.
Components which are the same or similar to those illustrated and described with reference to
FIGS. 7 and 8 are labeled with the same reference numerals for convenience. In the embodiment
of FIGS. 9 and 1'0, fluid 70 is a liquid which is pressurized to a desired level by a pressure
system 96. By way of eXample, fluid 70 is water although other types of hiquids may be used
within pressure vessel 58. In this embodiment, the liquid 70 completely fills pressure chamber
60; and - the one or more hydrophones 20 along with any reference hydrophones 62 are

submerged in the liquid 70.

Pressure system 96 comprises a pressure source 98, such as a pressure pump, used to
deliver a pressurized fluid, e.g. hydraulic fluid, to pressure vessel 58 for increasing the pressure
of liquid 70 to a desired level within pressure chamber 60. In the speciﬁc example 1llustrated,
pressure source 98 is coupled to pressure vessel 58 via a first control valve 100, a pressure gauge
102, and a second control valve 104. However, a variety of pressure sources, valves, regulators,

high-pressure lines, and other components may be utilized to pressurize the liquid 70 within

pressure vessel 58.

The testing apparatus 56 illustrated in FIGS. 9 and 10 may employ fluid 70 in the form of
water to enable effective determination of the acceleration compensation of the hydrophone 20.
As previously described, the acceleration cancelling values may be calculated using an output of

the test hydrophone 20 and an output of the reference accelerometer 68 to obtain a ‘true’ or
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‘absolute’ acceleration cancelling value of the hydrophones 20. As illustrated graphically in
F iGS. 11 and 12, the acceleraﬁon compensation values of hydrophones can vary greatly. . FIG.
11 1llustrates examples of acceleration response of a variety of hydrophones 20 verses
hydrostatic pressure at a drive frequency of 20 Hz, and FIG. 12 illustrates similar examples at a
drive trequency of 80 Hz. Even though the acceleration response can vary substantially at:
different depths and between different types of hydrophones, the present apparatus and
methodology provide an accurate and repeatable technique for measuring the acceleration
compensation or other parameters of the hydrophones. It should be noted that each additional
depth of 10 meters referenced in the graphs of FIGS. 11 and 12 corresponds- to approximately

one additional bar of hydrostatic pressure.

Along with the benefits noted above, the testing apparatus 56 is very portable and may be
manufactured using ordinary, readily-available or easy to order lab equipment. In other words,
the testing apparatus 56 is readily built, used, and maintained in a typical lab environment with

negligible or no associated risk.

Testing apparotus 56 roay incorporate a variety of pressure vessels 58 depending on the
number of hydrophones 20 to be tested and on the conditions‘to be created within the pressure
vessel 58. In FIG. 13, an example of one type of pressure vessel 58 is illustrated. In this
embodiment, pressure chamber 60 is large enough to contain a plurality of hydrophones 20, 62,
e.g. two hydrophones. The pressure vessol 58 is formed with a pressure housing 106 having end

connectors 108 designed for engagement with corresponding end caps 110. By way of example,

end connectors 108 may be threaded for engagement with corresponding threads on end caps

110.

In this embodiment, pressure vessel 58 also may comprise mounting structures 112
arranged such that an individual mounting structure 112 is disposed within a corresponding end
connector 108 and end cap 110. Each mounting structure 112 comprises one or more seals 114
to form a sealed engagement with the pressure housing 106. Additionally, each mounting
structure 112 may comprise one or more seals 116 positioned to seal about a communication line
or feature 118 through which data from each hydrophone 20, 62 is relayed to output lines 72 and
on to processor-based system 78 (e.g., see FIGS. 7-10). The illustrated pressure vessel 58,

however, is simply an example of one type of pressure vessel and should not be construed as
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limiting. Pressure vessels 58 may be designed in a variety of configurations and sizes with a
variety of features to accommodate testing of desired hydrophones 20 for use in many types of
seismic survey applications, including borehole seismic surveys on an offshore rig, towed array

surveys, and other types of seismic surveys.

As discussed above, the testing apparatus and methodology may be employed to measure

one or more parameters of a hydrophone under pressurized and/or other conditions

' representative of the conditions in which the hydrophone is to be employed. In many.types ot

survey applications, measurement of acceleration compensation of hydrophones 1s desirable to
facilitate accurate collection and use of seismic data obtained from seismic surveys. The testing
apparatus and methodology may be employed with many types of hydrophones for use in many

types of seismic surveys.

Additionally, the specific components and arrangements of components in the testing
apparatus may vary from one testing application to another. In some embodiments, the testing
apparatus 56 is designed as a portable apparatus which allows the af)parétus to be readily loaded
on a vehicle for movement from one testing location to another. Additionally, .various :
components of the testing apparatus may be constructed as modular components to facilitate
replacement and/or interchanging with other types of components. The pressure vessel also may
be designed to accommodate different types of hydrophones and different numbers of

hydrophones, as desired for a specific testing application.

Accordingly, although only a few emquiments, of the present disclosure have been
described in detail above, those of ordinary skill in the art will readily appreciate that many
modifications are possible without materially departing from the teachings of this disclosure.
Such modifications are intended to be included within the scope of this invention as defined in

the claims.
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CLAIMS

What 1s claimed 1s:

1. An apparatus for measuring a hydrophone's acceleration canceling properties comprising:

a vibratory source;

a pressure vessel connected to the vibratory source, the pressure vessel containing a fluid
medium;

a hydrophone mounted within the pressure vessel; and

a processor communicatively coupled to the hydrophone for collecting acceleration
canceling measurement data of the hydrophone while the vibratory source is activated and the

pressure vessel 1s under pressure.

2. The apparatus of claim 1, wherein the fluid medium is a hydraulic fluid medium.
3. The apparatus of claim 2, wherein the hydraulic fluid medium comprises water.
4. The apparatus of claim 2, wherein the pressure vessel is completely filled with the

hydraulic fluid medium.

5. The apparatus of claim 1, further comprising a reference hydrophone comniunicatively

coupled with the processor.

6. The apparatus of claim 5, wherein the vibratory source comprises a vibratory table.

7. The apparatus of claim 1, wherein the pressure vessel is mounted so the direction of

vibration is perpendicular to a mount direction of the hydrophone.

8. The apparatus of claim 5, further comprising a reference accelerometer mounted on the

vibratory source outside of the pressure vessel.
9. A method for measuring at least one parameter of a hydrophone comprising:

activating a vibratory source;
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pressurizing a fluid-filled vessel containing a hydrophone; and

measuring a parameter of the hydrophone while the vibratory source 1s moving the

pressure vessel.

5. 10.  The method of claim 9, wherein méasuring a parameter includes measuring hydrophone

acceleration canceling properties.

11.  The method of claim 9, further cdmprising measuring an acceleration of the vibratory

source with an accelerometer.

10
12.  The method of claim 11, further comprising calculating the hydrophone's absolute .
acceleration of the hydrophone by utilizing the accelerometer measurement and the hydrophone
parameter measurement.
15 13. °  The method of claim 9, wherein activating comprises activating a vibratory table
supporting the pressure vessel.
14.  The method of claim 9, further comprising placing a reference hydrophone in the fluid-
~ filled vessel.
20
15.  The method of claim 9, wherein pressurizing comprises pressurizing a liquid in the fluid-
filled vessel.
16. A method, comprising:
25 '
| selecting a hydrophone for evaluation;
determining an absolute acceleration canceling value of the hydrophone; and
providing an indicia of the absolute acceleration canceling value.
30 17. The method as recited in claim 16, wherein determining comprises placing the

“hydrophone in a pressure vessel and vibrating the hydrophone.
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18.  The method as recited 1in claim 17, wherein determining comprises utilizing a processor-
based system to collect and process acceleration canceling measurement data of the hydrophone

while vibrating the hydrophone.

19.  The method as recited in claim 18, wherein determining comprises pressurizing a liquid

in the pressure vessel while the hydrophone is submerged in the liquid.

20.  The method as recited in claim 19, wherein determining further comprises processing

accelerometer data obtained from an accelerometer vibrated with the hydrophone.



00000000000000000000

0000000000000

FIG.1

.
N\
N\

I\
\L

\\
;\\

’////

=
: /4/////@

N\

N
7

\\\\
\

Z

//A

7

AN

V

/

’//

///




WO 2011/058403

40

40

CA 02779941 2012-05-03

2/10

FIG.2

42 34 38

N 36
j:?gﬂiﬁﬁaiaaisssssiaﬁﬁﬂggik4_

P—  ANrSTUNNTUD IR S—————— ————  ——— A R el

AT VNSO EEEEE LSS S

AN

s ehecEEEEEEEEEEE——_— o e ———
PV AN EE OIS DNE NS Y
v

+V /7 7 EESNNSNNNNNNNNNY Y

/7 7 X J /7 J 7 7 /

¥ ;lx NSNS A

W ——— S—————" S—  ———. AP ——. R il — — S——

P TSSOSO EEDELEELEDESSSS

AN

a'd
L
s
GYe4
Z0
Th
U=
= <
< o
S -

00— = . & T

VTSSOV | —
’

42 34 38

PCT/IB2010/002752



CA 02779941 2012-05-03

WO 2011/058403 PCT/IB2010/002752
3/10

FIG.3

34

46
44

cl1 /
/S SIS S S
BN NCNCNNCNNNNN N N\ N

IOV
OO NN N N AN N N N AN N N N \

LI LI 3 |
" t b0
" L I Y
LI 2 LI I ]
LU + ¢
LI L L
LI LI |
LI L
[ | 1
" "4

P L] '
. ). L I
LY LI O |
LI | ¢
4 v + 4
r by LIE O ]

L L} L I |
e 48
" LI 2 ]

L B * %

“« v )
L DI I |
LI I | + 4
LR B | + 1
L LI B B -
LI + 4
[ | 0 )

LY IR
[ | ¢

" s L Y
LI | LRI -
L + 4

4 4 P4



CA 02779941 2012-05-03

PCT/IB2010/002752

WO 2011/058403

4/10

NOILOW dVINOIANIdd3d 43ANN
TYNDIS ONITIIONVO NOILVY3I3DDV

11NN WNS
— — + + 1Nd1lno
- + — + 3JOUVHO
+ — — + ONIYIM

P €3 CO 1D

STVYNOIS JAVM

JYNSS3dd TYNY3ILX3 ONIAITO3
NIHM ALIAILISN3S ANOHdOJdAAH

128

T

v WNS
+ + + 1NdLlNno
— — + JOYVHO

— - + IONIYIM

30 NN 40 B %0

J4NSS3dd

143

b
s/

9

7 TN\

D14

NOILIANQOD 1534
‘INOHJOYAAH

ot

F\MU
Ad”wﬁu 40

9

s/

4%

147

143

=



CA 02779941 2012-05-03

WO 2011/058403 PCT/IB2010/002752
5/10

-
LN
o
5 S
= ~
| ¥ -
Q
o'
| N
1 S
N 2 >
© - =
O > L
. -
. @4
LL)
@, + &
o TS
v—i L)
P o
+ q
o
)f A
\l
-
v— v— — v—
: - -
- .
o <
-

Ow/iegn 1320V



CA 02779941 2012-05-03

WO 2011/058403 PCT/IB2010/002752
6/10

FIG. 7

88 90

86 64

Ll
-
0O
w 00
N=
cYy Wl
O
n O
:ﬁoﬁ
3=
o=

FIG.3

VIBRATION 64
DIRECTION
66
20
58
62
78

6 +— | DIGITAL .
' SCOPE

82



CA 02779941 2012-05-03

WO 2011/058403 PCT/IB2010/002752
7/10

FIG.9

96
100 / 56
~ 102 /
I —
. 104
98 58
20 60
e

64 VIBRATION TABLE

~1—68
66 72 4-
74 PRE AMP n‘

DIGITAL
SCOPE 76

FIG.10

VIBRATION
DIRECTION

PRE AMP
_ 1
76 - DIGITAL
SCOPE



CA 02779941 2012-05-03

PCT/IB2010/002752

WO 2011/058403

8/10

(W) H1434a LNITIVAINOI

c‘ e i - A e W - e - - -

o

O

@

m

100 ©

0

AN DA s P el .O 0
a3 T —— —
~—

>

PAHJOY —o— G PAH —¢ { PAH --%-- 2 PAH —»— € PAH —a— T PAH —o—

ITT°9DI4



CA 02779941 2012-05-03

PCT/IB2010/002752

WO 2011/058403

9/10

(W) H1d3Qg INITVAIOS
09 0S 0b

Ow/iegn 1300V



CA 02779941 2012-05-03

PCT/IB2010/002752

WO 2011/058403

10/10

811

OTI

¢IT 911 80T

r Y A IIIII

NN/

£ L L L
(I

s’

q - I‘zwu‘..u’uv"! m

_ﬂ\nh. e
‘ NAN () N / \ D

¢9

901 09

07 80T CTT

......... AT LML RLARRRRR SRR 52\
P B NN\ r,

C/NDNNNNNNY
AT T

\V4
120!

¢l ODI4

Y
blIl

r\\\\\n_

47—

11

811

011



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings

