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PROTECTION OF ELECTRONIC DEVICES USED
WITH PERFORATING GUNS

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to and the benefit of U.S. Provisional Patent
Application Serial No. 61/732,322, filed on December 1, 2012, entitled “Protection of
Electronics used with Perforating Guns,” by John P. Rodgers, et al., which is incorporated
herein by reference in its entirety for all purposes.
BACKGROUND
[0002] Hydrocarbons may be produced from wellbores drilled from the surface through a
variety of producing and non-producing formations. For example, a casing string may be set
and cemented in the wellbore, and/or a liner may be hung in the casing string. The casing
string and cement generally form an impervious barrier between the wellbore interior and the
surrounding subterranean formation. In order to provide fluid communication through the
casing and cement, the casing string may be perforated by firing a perforation gun or
perforation tool. Perforation guns generally include an explosive charge such as a shaped
explosive charge that detonates to form a jet, which may penetrate the tool, the casing, any
cement, and form a perforation tunnel in the subterranean formation. In general multiple
perforating charges are used per interval to create a plurality of opening for fluid to pass from
the subterranean formation into the wellbore (e.g., production fluids such as oil, water, and/or
gas) and/or for fluids to pass from the wellbore to the subterranean formation (e.g., treatment
fluids, injection fluids, etc.).
[0003] In general, the resulting detonation of the perforating charge(s) may create a high
intensity shock wave impacting the perforating tools, and eventually propagating as pressure
disturbance through the wellbore. The immediate shock wave and resulting pressure
disturbance may result in various forces being applied to the components disposed within the
wellbore, which in some cases may result in damage and/or failure of the components.
SUMMARY
[0004] In an embodiment, a sensing subassembly for use with a downhole tool comprises a
housing, a cavity disposed within the housing, at least one electronic component disposed
within the cavity, and at least one isolating member disposed within the cavity. The at least one
isolating member is configured to attenuate at least a portion of frequency components of a
mechanical wave above a threshold and transmit at least a portion of frequency components

below the threshold to the at least one electronic device.
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[0005] In an embodiment, a method of measuring a shock event in a wellbore comprises
receiving, by a sensing subassembly, at least one mechanical wave within a wellbore, where the
sensing subassembly comprises: a cavity disposed within a housing, at least electronic
component disposed within the cavity, and at least one isolating member disposed with the at
least one electronic device within the cavity. The method also comprises attenuating at least a
portion of frequency components of the at least one mechanical wave above a threshold
frequency, transmitting at least a portion of the frequency components of the at least one
mechanical wave below the threshold to the electronic device, sensing at least one parameter
associated with the at least one mechanical wave, generating, by the electronic component, at
least one signal in response to the sensing, and storing the at least one signal in a non-transitory
computer readable media.
[0006] In an embodiment, a method of absorbing a mechanical wave using a shock
protection apparatus comprises receiving a mechanical wave at a housing. The housing is
disposed in a wellbore, and the housing contains at least one cavity with at least one sensor
disposed within the at least one cavity. The at least one sensor is coupled to the housing by an
isolation member. The method also comprises attenuating at least a portion of the mechanical
wave using the isolation member, transmitting at least a portion of the mechanical wave to the
at least one sensor using the isolation member, and sensing at least one parameter of the
mechanical wave transmitted to the at least one sensor.
[0007] These and other features will be more clearly understood from the following detailed
description taken in conjunction with the accompanying drawings and claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] For a more complete understanding of the present disclosure and the advantages
thereof, reference is now made to the following brief description, taken in connection with the
accompanying drawings and detailed description:
[0009] Figure 1 is a schematic partial cross-sectional view of an embodiment of a well
system and associated method which can embody principles of the present disclosure.
[0010] Figures 2-5 are schematic views of an embodiment of a sensor which may be used

in the system and method of Figure 1.
[0011] Figure 6 is a schematic view of an embodiment of sensor configurations.
[0012] Figures 7A-7B are schematic views of embodiments of sensor configurations.

[0013] Figure 8 is still another schematic view of an embodiment of sensor

configurations.
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[0014] Figure 9A is yet another schematic view of an embodiment of sensor

configurations.
[0015] Figure 9B is another schematic view of an embodiment of sensor configurations.

[0016] Figure 9C 1is still another schematic view of an embodiment of sensor

configurations.

[0017] Figure 10 is yet another schematic view of an embodiment of sensor

configurations.
[0018] Figure 11 is another schematic view of an embodiment of sensor configurations.

[0019] Figure 12 is still another schematic view of an embodiment of sensor

configurations.
DETAILED DESCRIPTION OF THE EMBODIMENTS

[0020] In the drawings and description that follow, like parts are typically marked
throughout the specification and drawings with the same reference numerals, respectively. The
drawing figures are not necessarily to scale. Certain features of the invention may be shown
exaggerated in scale or in somewhat schematic form and some details of conventional elements
may not be shown in the interest of clarity and conciseness. Specific embodiments are
described in detail and are shown in the drawings, with the understanding that the present
disclosure is to be considered an exemplification of the principles of the invention, and is not
intended to limit the invention to that illustrated and described herein. It is to be fully
recognized that the different teachings of the embodiments discussed infra may be employed
separately or in any suitable combination to produce desired results.

9 <

[0021] Unless otherwise specified, any use of any form of the terms “connect,” “engage,”
“couple,” “attach,” or any other term describing an interaction between elements is not meant
to limit the interaction to direct interaction between the elements and may also include indirect
interaction between the elements described. In the following discussion and in the claims, the
terms “including” and “comprising” are used in an open-ended fashion, and thus should be
interpreted to mean “including, but not limited to ...”. Reference to up or down will be made
for purposes of description with “up,” “upper,” or “upward” meaning toward the surface of the
wellbore and with “down,” “lower,” or “downward” meaning toward the terminal end of the
well, regardless of the wellbore orientation. Reference to in or out will be made for purposes of
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description with “in,” “inner,” or “inward” meaning toward the center or central axis of the
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wellbore, and with “out,” “outer,” or “outward” meaning toward the wellbore tubular and/or
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wall of the wellbore. Reference to “longitudinal,” “longitudinally,” or “axially” means a
direction substantially aligned with the main axis of the wellbore and/or wellbore tubular.
Reference to “radial” or “radially” means a direction substantially aligned with a line between
the main axis of the wellbore and/or wellbore tubular and the wellbore wall that is substantially
normal to the main axis of the wellbore and/or wellbore tubular, though the radial direction
does not have to pass through the central axis of the wellbore and/or wellbore tubular. The
various characteristics mentioned above, as well as other features and characteristics described
in more detail below, will be readily apparent to those skilled in the art with the aid of this
disclosure upon reading the following detailed description of the embodiments, and by
referring to the accompanying drawings.

[0022] The use of a perforating tool or other detonation device within a wellbore may
result in a mechanical shock disturbance due to a detonation and/or perforating event. For
clarity, a mechanical shock disturbance, a shock wave, and/or a pressure disturbance in the
wellbore are collectively referred to as “mechanical waves” herein, wherein “mechanical
waves” refer to any wave needing a medium in order to propagate (as opposed to an
electromagnetic wave that can propagate in a vacuum). Mechanical waves may propagate as
pressure waves in the fluid within a wellbore, and/or as transverse, longitudinal, and/or surface
waves in the fluid or components of the wellbore (e.g., the wellbore tubular, the casing, the
sensing subassembly housing, etc.). The impact on the perforating tool, the wellbore tubular
string coupled to the perforating tool, and various other components within the wellbore (e.g.,
packers, plugs, etc.) may result in damage to the various components. Models may be used to
simulate the results of a perforating event to allow tool strings to be designed that are capable
of withstanding the perforating event. In order to calibrate the models, actual perforating event
data can be used, which may be collected using sensors at or near the perforating location. For
example, pressure sensors, accelerometers, temperature sensors, and the like may be placed
within the perforated zone to collect data before, during, and after the detonation of one or more
explosive devices. The resulting data may then be used in the development of a model or
simulating tool for the design of the perforating tool, wellbore tubular string, and/or other
various components impacted by the perforating event.

[0023] The sensors used to collect the perforating event data may themselves be subjected
to the forces created by the perforating event. It will be appreciated that the sensors should be
subjected to some portion of the resulting forces in order to obtain suitable measurements,
however, excess exposure to the resulting forces may damage or destroy the sensors and the

associated processing and storage equipment. In order to limit or prevent damage to the
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sensors themselves, a shock protection apparatus may be used to limit or control the impact of
the forces resulting from the mechanical waves.

[0024] As disclosed herein, the configuration of the shock protection apparatus may vary
depending on the type of sensor or other electronic component being protected. Mechanical
waves generated by detonation may travel from the guns and a detonating cord housing through
the tools. The mechanical waves may reflect off of boundaries resulting in many waves being
imparted on sensitive components, with the possibility of constructive interference.
Mechanical waves reaching sensitive components may result in acceleration above a threshold
level experienced by the components. This acceleration can result in localized stress and
deformation in the components that can lead to damage and/or failure. Isolation mounts may
serve to filter out frequencies above a threshold from mechanical waves, resulting in
accelerations below a threshold on the sensitive components. Stiffeners such as metal strips
and/or tubes may engage electronic boards to reduce and/or limit the maximum flexing and/or
deformation of the components therein. For example, a metal strip stiffener may engage an
electronic board to reduce the flexing of the electronic board. The metal strip may engage at
least one edge of the electronic board. In an embodiment, stiffeners such as tubes and/or
external stiffening components may also limit flexibility of electronic boards and/or battery
housings. For example, when an electronic board is potted inside a tube, a stiff potting material
(e.g. an epoxy) may surround at least a portion of the electronic board within the tube and limit
deflection of the electronic board. Bending a circuit board can stress the solder joints holding
the components causing them to fail. Direct acceleration of the board will also result in inertial
loads as the individual components resist that motion. The inertial loads can also damage the
solder joints. Direct acceleration of the components can also result in internal damage to the
electronic components. Similarly, acceleration and deformation of battery cells can result in
leakage and internal damage that can degrade performance. Sensitive components within
pressure transducers or accelerometers, such as MEMS silicon components, can also be
damaged by high frequency acceleration above a threshold.

[0025] For some sensors, such as dynamic pressure transducers, a shock protection
apparatus may include a shock mitigating member disposed between at least one end of the
sensor and a housing of a sensing subassembly, where the shock mitigating member is
configured to reduce transmission of a mechanical wave between the housing and the sensor.
The shock protection apparatus may also comprise at least one seal member disposed between
the sensor and the housing. The shock protection apparatus may protect a sensor from

mechanical waves by attenuating some of the mechanical waves before the mechanical waves
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reach the sensor as well as by reflecting some of the mechanical waves away from the sensor,
all while permitting the sensor to be in fluid communication with an exterior of the housing,.
[0026] For some electronic devices, such as electronic boards and batteries, a shock
protection apparatus may include a stiffening member engaging an electronic board, wherein
the stiffening member is configured to limit at least high frequency mechanical waves
communicated to the electronic board and/or transform at least some of the high frequency
mechanical waves into lower frequency motion or waves, thereby reducing the forces on the
electronic board in the axial and radial directions along the subassembly. The shock protection
apparatus may also include a spring structure coupled to at least a portion of the electronic
board and configured to limit deflection of the electronic board in the axial and radial directions
along the axis of the subassembly. The spring structure may couple the electronic board with at
least one cavity wall in the housing. This shock protection apparatus resists moments created
across an electronic device from a mechanical wave so that, for example, solder joints on an
electronic board are not broken during the detonation of a perforating gun. Furthermore, this
shock protection apparatus may resist axial and radially deflection resulting from a mechanical
wave produced by the detonation of a perforating gun.

[0027] For some sensors, such as accelerometers, a shock protection apparatus for use with
a downhole tool may include at least one isolating member disposed within a cavity in a
housing of a sensing subassembly. The at least one isolating member may be configured to
attenuate (e.g., absorb and/or reflect) and/or convert at least a portion of frequency components
of a mechanical wave above a threshold and transmit at least a portion of frequency
components below the threshold to the sensor. This shock protection apparatus may also be
configured to attenuate at least a portion of the frequency components of a mechanical wave
above a threshold produced by the detonation of perforating gun in at least one coordinate axis,
while at the same time transmit at least a portion of the frequency components below the
threshold to the sensor. This may allow the sensor to obtain an accurate reading of a desired
frequency range while limiting interference from unwanted frequency components that would
potentially damage the sensor and hinder accurate sensor readings.

[0028] Referring to Figure 1, an example of a wellbore operating environment is shown.
As depicted, the operating environment comprises a drilling rig 100 that is positioned on the
carth’s surface 104 and extends over and around a wellbore 114 that penctrates a subterrancan
formation 102 for the purpose of recovering hydrocarbons. The wellbore 114 may be drilled
into the subterrancan formation 102 using any suitable drilling technique. The wellbore 114

extends substantially vertically away from the carth’s surface 104 over a vertical wellbore
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portion 116, deviates from vertical relative to the earth’s surface 104 over a deviated wellbore
portion 136, and transitions to a horizontal wellbore portion 118. In alternative operating
environments, all or portions of a wellbore may be vertical, deviated at any suitable angle,
horizontal, and/or curved. The wellbore may be a new wellbore, an existing wellbore, a
straight wellbore, an extended reach wellbore, a sidetracked wellbore, a multi-lateral wellbore,
and other types of wellbores for drilling and completing one or more production zones.
Further, the wellbore may be used for both producing wells and injection wells. In an
embodiment, the wellbore may be used for purposes other than or in addition to hydrocarbon
production, such as uses related to geothermal energy.

[0029] A wellbore tubular string 120 comprising a shock protection apparatus 150 may
be lowered into the subterranean formation 102 for a variety of workover or treatment
procedures throughout the life of the wellbore. The embodiment shown in Figure 1 illustrates
the wellbore tubular 120 in the form of a workover string being lowered into the subterranean
formation. It should be understood that the wellbore tubular 120 comprising a shock
protection apparatus 150 i1s equally applicable to any type of wellbore tubular being inserted
into a wellbore, including as non-limiting examples drill pipe, production tubing, rod strings,
and coiled tubing. In the embodiment shown in Figure. 1, the wellbore tubular 120
comprising the shock protection apparatus 150 can be conveyed into the subterrancan
formation 102 in a conventional manner.

[0030] The drilling rig 106 comprises a derrick 108 with a rig floor 110 through which
the wellbore tubular 120 extends downward from the drilling rig 106 into the wellbore 114.
The drilling rig 106 comprises a motor driven winch and other associated equipment for
extending the wellbore tubular 120 into the wellbore 114 to position the wellbore tubular 120
at a selected depth. While the operating environment depicted in Figure 1 refers to a stationary
drilling rig 106 for lowering and setting the wellbore tubular 120 comprising the shock
protection apparatus 150 within a land-based wellbore 114, in alternative embodiments, mobile
workover rigs, wellbore servicing units (such as coiled tubing units), and the like may be used to
lower the wellbore tubular 120 comprising the shock protection apparatus 150 into a wellbore.
It should be understood that a wellbore tubular 120 comprising the shock protection apparatus
150 may alternatively be used in other operational environments, such as within an offshore
wellbore operational environment.

[0031] In alternative operating environments, a vertical, deviated, or horizontal wellbore
portion may be cased and cemented and/or portions of the wellbore may be uncased. For

example, uncased section 140 may comprise a section of the wellbore 114 ready for being
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cased with wellbore tubular 120. In an embodiment, a shock protection apparatus 150 may
be used on production tubing in a cased or uncased wellbore.

[0032] Representatively illustrated in Figure 2 is a well system 10 which can embody
principles of the present disclosure. In the well system 10, a perforating string 12 is installed in
a wellbore 14. The depicted perforating string 12 includes a packer 16, a firing head 18,
perforating guns 20, and a sensing subassembly 21. In other examples, the perforating string
12 may include more or less of these components. For example, well screens and/or gravel
packing equipment may be provided, any number (including one) of the perforating guns 20
and sensing subassemblies 21 may be provided, etc. Thus, it should be clearly understood that
the well system 10 as depicted in Figure 2 is merely one example of a wide variety of possible
well systems which can embody the principles of this disclosure.

[0033] One advantage of interconnecting the sensing subassembly 21 in close proximity to
the perforating guns 20 may be to allow for more accurate and reliable measurements of the
parameters (e.g., strain, acceleration, pressures, temperatures, etc.) associated with a perforating
event. The sensors within a sensing subassembly 21 may also be used to detect and measure
conditions in the wellbore 14 in close proximity to perforations 24 immediately after the
perforations are formed, thereby facilitating more accurate and reliable analysis of

characteristics of an earth formation 26 penetrated by the perforations.

[0034] A sensing subassembly 21 comprising a shock protection apparatus 22 can be
disposed above the perforating guns 20, between two perforating guns 20, and/or below the
perforation guns 20. Regardless of the type of environment the sensing subassembly 21 is
used, it will be appreciated that a shock protection apparatus disposed within the sensing
subassembly 21 serves to protect an electronic device such as a sensor and/or electronics board
from damage, for example due to a mechanical wave generated during a perforating event. The
sensing subassembly 21 comprising a shock protection apparatus 22 may be interconnected
above an upper perforating gun 20 to more accurately and reliably record the forces and
parameters resulting from a perforating event on the perforating string 12 above the perforating
guns. The information obtained from the sensors may be used to design the various
components of the system to limit and/or prevent unsetting or other damage to the packer 16,
firing head 18, etc., due to detonation of the perforating guns 20. In an embodiment, a sensing
subassembly 21 interconnected between perforating guns 20 may be used to detect the effects
of perforating on the perforating guns 20 themselves. In some embodiments, a sensing

subassembly 21 may be connected below the lowest perforating gun 20 to more detect and
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record the effects of perforating on any component located below the perforating train. In some
embodiments, the perforating string 12 could be stabbed into a lower completion string,
connected to a bridge plug or packer at the lower end of the perforating string, etc., in which
case the information recorded by a sensing assembly 21 may be used to detect the forces acting
on the various components below the perforating guns 20.

[0035] Viewed as an overall system, a perforating string 12 comprising a sensing
subassembly 21, which in turn may comprise a shock protection apparatus 22, may allow for
the acquisition of data at various points between or near one or more perforating guns, which
may be useful in developing and/or validating a model of the system. Thus, reliably and
accurately collecting data above, between and/or below the perforating guns 20, for example,
can help in an understanding of the overall perforating event and its effects on the system as a
whole. The sensing assembly 21 comprising a shock protection apparatus 22 may more
accurately and reliably obtain information not only useful for future designs, but for current
designs, for example, in post-job analysis, formation testing, etc. 'The applications for the
information obtained by the sensing assembly 21 are not limited at all to the specific examples
described herein.

[0036] While described in terms of a sensing subassembly disposed in a perforating string,
the sensing subassembly and shock protection apparatus described herein may also be used
with any number of other tools, such as drilling, completion, production, and/or workover tools.
In an embodiment, the sensing subassembly may be disposed in a wellbore tubular string, or
the sensing subassembly may comprise a separate component that is coupled or engaged to a
wellbore tool (e.g., affixed to using any suitable connection mechanism) to measure one or
more parameters. For example, the sensing subassembly may be coupled to an outside of a
wellbore tubular tool or string, and/or the sensing subassembly may be disposed in a recess or
cavity on a wellbore tubular string or tool.

[0037] In general, the shock protection apparatus 22 may be used to passively isolate one
or more sensors within the sensing subassembly 21 using one or more of a variety of
techniques. For example, the shock protection apparatus may comprise a sensor acting as a
mass that may be coupled within the sensing subassembly using a spring and damping
clements, which may be the same component. The sensor coupled in the sensing subassembly
by the spring and damping elements can be thought of as moving as a harmonic oscillator. The
characteristics of the mass and the spring stiffness can be used to determine a natural frequency
of the system. Damping may dissipate energy in the system, which may reduce the vibration

level which is transmitted at the natural frequency. The characteristics of the damping element
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cause energy dissipation during the oscillation and have a secondary effect on the natural
frequency. The shock protection apparatus may provide isolation for the sensor from
mechanical waves in both directions, isolating the sensor from vibrations traveling from the
sensing subassembly, and also isolating the sensing subassembly from vibrations originating in
the sensor. Moreover, the shock protection apparatus may provide isolation for the sensor from
mechanical waves traveling in a plurality of directions and originating from a variety of
sources.

[0038] When vibration is applied (e.g., due to a mechanical wave), energy can be
transferred more efficiently at the natural frequency as compared to above or below the natural
frequency. The efficiency and extent of the isolation a given situation may depend on a variety
of factors including, but not limited to, the frequency, direction, and magnitude of vibrations
present, the desired level of attenuation of those frequencies, and the characteristics of the
components of the damping system (e.g., the mass or sensor, the spring, and/or the damping
elements). As described in more detail herein, the shock protection apparatus may be used to
allow relative movement between the sensor and the surrounding sensing subassembly in
response to a mechanical wave. Due to the presence of the spring element and the damping
clement, the relative movement or motion is not free motion, but rather serves to isolate the
sensor from the mechanical wave to at least some degree.

[0039] The properties of the shock protection apparatus may also be configured to reduce
the transmission of the mechanical wave, and may for example reduce the mechanical wave
above a threshold. The threshold may represent an amplitude or a frequency threshold. For
example, the properties of the shock protection apparatus may be selected to allow certain
mechanical wave frequency ranges to be transmitted to the sensor while at least partially
isolating mechanical wave frequency ranges above a threshold. Isolation based on a threshold
may be used to reducing the transmission of potentially harmful mechanical wave amplitudes
or frequencies while allowing amplitude or frequency ranges of interest to be transmitted to the
sensor for detection

[0040] Referring additionally now to Figures 2-4, one example of as sensing subassembly
21 comprising a shock protection apparatus 22 is representatively illustrated. As depicted in
Figure 3, the sensing subassembly 21 is provided with mechanical end connectors 28 for
interconnecting the tool in the perforating string 12 in the well system 10. The end connectors
28 may include both mechanical connections such as threads for coupling the sensing
subassembly with an adjacent tubular component as well as one or more fluid and/or electrical

connections for allowing a signal (e.g., an clectrical signal, control signal, etc.) to be
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transmitted through the sensing subassembly 21. In addition, other types of connectors may be
used, and the shock protection apparatus 22 may be used in other perforating strings and in
other well systems, in keeping with the principles of this disclosure.

[0041] In Figure 4, it may be seen that four of the electrical connectors 50 are installed in a
bulkhead 54 at one end of the sensing subassembly 21. While four electrical connectors 50 are
shown, less than four or more than four may be included as desired, and each electrical
connector 50 may comprise one or more electrical connections (e.g., pins, receivers, etc.). In an
embodiment, a pressure sensor 56, a temperature sensor 38, and/or an accelerometer 60 can be
mounted to the bulkhead 54. The pressure sensor 56 can be used to monitor pressure external
to the sensing subassembly 21, for example, in an annulus 62 formed radially between the
perforating string 12 and the wellbore 14 (see, for example, Figure 2). The pressure sensor 56
may comprise any pressure sensor suitable for use in a wellbore environment that is capable of
measuring the pressure within the sensing subassembly 21 and/or the wellbore. The pressure
sensor 56 may be configured to measure the static and/or dynamic pressure. A suitable
pressure sensor 56 may include, but is not limited to, Kulite model HKM-15-500 pressure
transducer (available from Kulite Semiconductor Products, Inc. of Leonia, New Jersey). The
temperature sensor 58 may be used for monitoring temperature within the tool 22 and/or the
wellbore. The accelerometer 60 may be used to measure the various movements and/or forces
applied to the sensing subassembly 21. In an embodiment, the accelerometer 60 may comprise
a piezoresistive type accelerometer, although other types of accelerometers may be used, if
desired. Suitable accelerometers may include, but are not limited to, a PCB 3501A series
accelerometer (available from PCB of Depew, New York), which is available in single axis or
triaxial packages and is capable of sensing up to 60,000 g acceleration.

[0042] In Figure 5, a cross-sectional view of a sensing subassembly 21 with a pressure
transducer, electronic board, and an accelerometer is schematically illustrated. One or more
electrical couplings (e.g., electrical wires 818) may be used to electrically couple one or more
of the components of the sensing subassembly 22. In this view, it may be seen that the sensing
subassembly 21 may include a detonation train 30 extending through the interior of the tool.
The detonation train 30 can transfer detonation between perforating guns 20, between a firing
head (not shown) and a perforating gun, and/or between any other explosive components in the
perforating string 12. In the example of FIGS. 2-4, the detonation train 30 may include a
detonating cord 32 and explosive boosters 34, but other components may be used, if desired.
[0043] In an embodiment as shown in Figure 6, a shock protection apparatus may be used

to protect a sensor 508 exposed to the exterior of the sensing subassembly 21. The shock
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protection apparatus 502 for use in a downhole tool may be disposed in a sensing subassembly
500. The sensing subassembly 500 generally comprises a housing 504 having a cavity 506
extending into the housing 504. The sensing subassembly 500 may comprise a sensor 508
disposed at least partially within the cavity 506, where at least a portion of the sensor 508 may
be in fluid communication with an exterior of the housing 504. A mounting ring 524 may be
disposed about a portion of the sensor 508 and serve to centralize the sensor 508 within the
cavity 506 during use. A retaining ring 520 may be disposed between the sensor 508 and the
exterior to the housing 504. The retaining ring 520 may engage the interior of the cavity 506
and serve to retain the mounting ring 524, and thereby the sensor 508, within the cavity 506
during use. A port may be disposed within the housing 504 to allow for one or more couplings
from the sensor to pass through the housing 504 to another component within the sensing
subassembly 21 such as an electronics board.

[0044] A shock protection apparatus 502 may be disposed between the sensor 508 and the
housing 504. The shock protection apparatus 502 comprises a shock mitigating member 510
disposed between at least one end of the sensor 508 and the housing 504. The shock mitigating
member 510 may be configured to reduce transmission and/or attenuate at least a portion of a
mechanical wave traveling between the housing 504 and sensor 508. The shock protection
apparatus 500 may also include at least one seal 512 disposed about the sensor 508 and
between the sensor 508 and the housing 504. In some embodiments, a seal may be disposed
between the sensor 508 and the mounting ring 524. In an embodiment, the seal 512 disposed
between the sensor 508 and the mounting ring 524 may comprise a metal crush ring and/or a
dual o-ring geometry. In an embodiment, the sensor 508 comprises a pressure sensor, such as a
static and/or dynamic pressure sensor. In an embodiment, suitable pressure sensors may
include the Kulite HKM series for measuring both static and dynamic pressures and the PCB
119B for measuring dynamic pressures. In some embodiments, various additional sensors such
as strain gauges may also be used to measure pressure (e.g., static pressure). In an
embodiment, the sensor 508 may comprise a pressure sensor, a temperature sensor, a logging
sensor, and/or an optical sensor. In an embodiment the sensor 508 may comprise any sensor
used by one of ordinary skill in the art.

[0045] In an embodiment, the sensor 508 may be disposed in the sensing subassembly 500
so that at least a portion of the sensor 508 may be in fluid communication with an exterior of
the housing 504. For example, the sensor 508 may be disposed so that a sensing face 514 is in
fluid communication with an exterior of the housing 504. When the sensor 508 is disposed so

that sensing face 514 is in fluid communication with an exterior of the housing, the sensor 508
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may detect changes in pressure caused by a pressure wave moving along the wellbore. For
example, the sensor may measure a dynamic pressure from a pressure wave resulting from the
detonation of a perforating gun. In another embodiment, the sensor 508 may detect static
pressure at the exterior of the housing 504.

[0046] In an embodiment, the sensor 508 may be positioned within the housing 504 close
to the outer surface of the housing 504 so that any cavity resonance is minimized. In this
embodiment, the longitudinal axis of the sensor 508 may be oriented about ninety degrees from
the wellbore tubular longitudinal axis (e.g., the sensor axis may be oriented perpendicular to the
longitudinal axis of the wellbore tubular) so that any cavity resonance is minimized while
allowing a pressure signal to be detected and measured. In an embodiment, when the sensor
508 is oriented at about ninety degrees from the wellbore tubular axis, the electrical
connections (e.g., the wires) may be disposed substantially parallel with the wellbore tubular
axis through the housing 504.

[0047] In some embodiments, the sensor 508 may have a length that prevents it from being
oriented at about ninety degrees from the wellbore tubular axis. In this case, the sensor 508
may need to be disposed at an angle less than ninety degrees relative to the wellbore tubular
axis while still allow the sensor 508 to have a sensor face close to the exterior of the housing
504. The sensor 508 may be at least partially disposed in a flow path that provides fluid
communication through the housing 504 between the sensor 508 and the exterior of the housing
504. The flow path may comprise a bore that is disposed at an angle between about zero
degrees and about 90 degrees with the wellbore tubular axis. The flow path may comprise one
or more legs to provide the appropriate spacing for the sensor and/or any communication
components (e.g., electrical connections, wires, etc.). One of ordinary skill in the art will
appreciate that a plurality of sensor types may be disposed in the housing. Additionally, one of
ordinary skill in the art will appreciate that when a sensor, such a static pressure transducer, is
recessed in the housing 504 and a flow path provides fluid communication between the exterior
of the housing 540 and the sensor 508, the sensor 508 may sense a parameter, such as static
pressure, at the exterior of the housing via the flow path. In an embodiment, the sensor 508 may
be recessed within the housing 504 away from the outer surface of the sensing subassembly
500, for example, to protect the sensor 508 and/or so that sensor 508 can be positioned in close
proximity to supporting electronics.

[0048] The sensor may also detect the dynamic and/or static pressure within a portion of
the housing (e.g., in an internal flowbore, etc.). In an embodiment, the flow path may be

configured to provide fluid communication between a sensor 508 and an internal fluid pathway
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within the wellbore tubular. For example, a detonation cord housing may not be loaded with a
detonation cord so that an internal fluid pathway may communicate through the detonation cord
housing for a variety of well completion operations. Fluid communication may be established
between the detonation cord housing and the sensor to sense one or more parameters, such as
pressure, temperature, flow rate, etc., within the interior of the housing.

[0049] In an embodiment, a screen 516, can optionally be disposed over at least a portion
of the sensor 508 between the sensor 508 and the exterior of the housing 504. As shown in
Figure 6, the screen 516 may be disposed over at least a portion of the sensing face 514. In an
embodiment, the screen 516 is configured to protect the sensing face 514 from debris that may
be present in the wellbore. When the screen 516 is disposed on at least a portion of the sensing
face 514, the screen 516 may protect the sensing face 514 from damaging contact from debris
when impacted by a mechanical wave.

[0050] In an embodiment, an optional coating composition 518, may be disposed over at
least a portion of the sensor 508. The coating composition 518 may be disposed on at least a
portion of the sensing face 514. When a screen 516 is present, the coating composition S18
may be disposed between the sensing face 514 and the screen 516 and/or on the outside of the
screen 516. In an embodiment, the coating composition 518 may thermally insulate the sensor
508 from the exterior of the housing 504. When the coating composition 518 is disposed on at
least a portion of the sensing face 514, the coating composition 518 may thermally insulate the
sensor face 514 from the heat generated by the detonation of a perforating gun.

[0051] In an embodiment, an ¢lectrical insulator may be disposed between the sensor 508
and the housing 504 and/or the mounting ring 504. An electrical insulator may also be
disposed between the mounting ring 524 and the housing 504. The electrical insulator may be
configured to manage electrical noise during a wellbore operating procedure. For example,
when a perforating gun is detonated within a wellbore, the sensor 508 may sense, for example,
a pressure change, within the wellbore. As the sensor 508 converts the pressure signal into an
electrical signal and sends the electrical signal to supporting electrical components, the signal
may be distorted due to contact with electrically conductive components surrounding the sensor
508 creating unwanted electrical noise. Disposing an electrical insulator between the sensor
508 and other components of the shock protection apparatus 500 may mitigate electrical noise
interfering with sensor signals.

[0052] The retaining ring 520 may be disposed between the sensor 508 and the exterior of
the housing 504. In an embodiment, the retaining ring 520 may be pinned to and/or threadedly
engaged with the wall of the cavity 506 and/or the housing 504. When the retaining ring 520 is
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disposed between the sensor SO8 and the exterior of the housing 504, the retaining ring 520
may be configured to provide a compression force on the shock isolation member 510. For
example, the retaining ring 520 disposed between the sensor 508 and the exterior to the housing
504 may provide a compression force on the mounting ring 524, which may in turn provide a
compression force on the shock isolation member 510, before the sensing assembly 500 is
disposed in a wellbore. The retaining ring 520 may also prevent the sensor 508 from displacing
out of the cavity 506 of the housing 504 during the detonation of a perforating gun.

[0053] In an embodiment, at least one washer 522 may be disposed between the retaining
ring 520 and the mounting ring 524 and/or the sensor S08. In an embodiment, the washer 522
may be configured to attenuate a portion of the pressure wave above a threshold isolation
frequency. In an embodiment, the washer may comprise an elastomeric washer. In an
embodiment, the washer 522 may support and isolate the sensor 508 along the axis of the
sensor 508 from deflections caused by the detonation of a perforating gun. The washer 522
may comprise a relatively softer material (e.g., softer than the material of other members such
as the retaining ring 520, the mounting ring 524, and/or the housing 504). The relatively softer
material of the washer(s) 522 may provide more shock isolation. The softer material of the
washer(s) 522 may also provide compliance for torqueing the retaining member 520 when pre-
loading the sensing subassembly 500. In an embodiment, the effective axial and shear stiffness
of the washer 522 can be tuned to achieve a desirable isolation frequency for shock protection.
As an alternative to a washer and/or an clastomeric washer, the washer 522 may comprise a
wave spring and/or a Belleville type spring. To that effect, a wave spring and/or a Belleville
type spring may be used in conjunction with a washer and/or an elastomeric washer.

[0054] In an embodiment, an additional washer similar to the washer 522 may be disposed
between the mounting ring 524 and the shock mitigating member 510. The washer may
comprise an elastomeric washer. The washer may be configured so that at least a portion of the
sensor 508 is in fluid communication with an exterior of the housing 504 and the washer 522
can provide support and isolation for the sensor 508 along the axis of the sensor 508. In an
embodiment, the washer may provide radial support and isolation for the sensor 508 about the
axis of the sensor 508. For example, the washer may abut the sensor 508 to provide shear
support and/or radial isolation for the sensor 508. The washer may be subject to hydrostatic
loads and may have a sufficiently high compressive strength to avoid deflection and/or damage
to the sensor 508 and the mounting ring 524.

[0055] The mounting ring 524 may be disposed about the axis of the sensor 508 between

the shock mitigating member 510 and the washer 522. In an embodiment, the mounting ring
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524 may be configured so that at least a portion of the sensor 508 is in fluid communication
with an exterior of the housing 504. The mounting ring 524 may provide support and isolation
for the sensor 508 along the axis of the sensor 508 and/or radially about the axis of the sensor
508. In an embodiment, the mounting ring 524 may be coupled to the sensor 508 for added
leak protection (e.g., welded to the sensor, integrally formed with the sensor, etc.). The
mounting ring 524 may also be configured so that at least one seal member 512, at least one
seal back up 530, a washer 522, and/or a reflection member 510 may prevent the mounting ring
524 from engaging the cavity wall. When the mounting ring 524 is isolated from the cavity
wall and the interfacing components are electrically insulating, substantial electrical isolation
may be achieved for electromagnetic signal transmission through the sensor 508.

[0056] One or more seal member housings 528 may be circumferentially disposed about
the mounting ring 524 and/or the sensor 508. In an embodiment, at least one seal member
housing 528 may be configured to support at least one seal member 512. The at least one seal
member housing 528 may comprise a groove disposed on the outside diameter of the mounting
ring 524 and/or the sensor 508. In an embodiment, a first and a second scal member housing
528 may be circumferentially disposed about the mounting ring 524 and/or sensor 508. In an
embodiment, the at least one seal member housing 528 may be configured to support at least
one seal member 512 and/or at least one seal back up member 530.

[0057] At least one seal member 512 may be disposed in the seal member housing 528
between the sensor 508 and the housing 504. In an embodiment, at least one seal back up
member 530 may be disposed adjacent to the at least one seal member 512 within the at least
one seal member housing 528. The at least one seal member 512 and/or the at least one seal
back up member 530 may sealingly engage the housing 504 and seal at least a portion of the
sensor 508 as well as the wire 526 to prevent fluid communication with the exterior of the
housing 504. In an embodiment, the at least one seal member 512 and/or the at least one seal
back up member 530 may serve to isolate at least a portion of a mechanical wave traveling
between the mounting ring 524 and the housing 504. In an embodiment, the at least one seal
member 512 and the at least one seal back up member 530 may serve to isolate at least a
portion of a compression wave function traveling along the axis of the sensor 508. In an
embodiment, when at least one seal member 512 is disposed about the axis of the sensor 508
between the sensor 508 and the housing 504, the at least one seal member 512 may contact the
housing 504 and may serve to isolate at least a portion of a compression wave traveling

between the mounting ring 524 and/or the sensor 508 and the housing 504.

-16-



WO 2014/084866 PCT/US2012/070740

[0058] The at least one seal member 512 and/or the at least one scal back up member 530
may be subject to hydrostatic loads. In an embodiment, the at least one seal member 512
and/or the at least one seal back up member 530 may comprise suitable elastomeric compounds
which may include, but are not limited to, ethylene propylene diene monomer (EPDM),
fluoroclastomers (FKM) [Viton®], perfluoroelastomers (FFKM) [Kalrez®, Chemraz®,
Zalak®], flouoropolymer elastomers [Viton®], polytetrafluoroethylene, copolymer of
tetrafluoroethylene and propylene (FEPM) [Aflas®], and polyetheretherketone (PEEK),
polyetherketone (PEK), polyamide-imide (PAI), polyimide [Vespel®], polyphenylene sulfide
(PPS), and any combination thereof. In an embodiment, at least one seal member 512 may be
disposed about the axis of the sensor 508 and may not require the support of an at least one seal
member housing 528 or a mounting ring 524. In an embodiment, at least one seal back up
member 530 may be disposed about the axis of the sensor S08 and may not require the support
of an at least one seal member housing 528 or a mounting ring 524. When a seal member 512
is disposed about the axis of the sensor 508 between the sensor 508 and the housing 504, the
seal member 512 may sealingly engage the housing 504 and substantially prevent fluid
communication from the exterior of the housing past the seal member 512.

[0059] In an embodiment, an optional elastomer 534 may be disposed on at least a portion
of the wall of the cavity 506. The elastomer 534 may comprise a material configured to
minimize lateral motion of the sensor 508 when impacted by a pressure wave. The elastomer
534 may be disposed around a portion of the wall of the cavity 506 adjacent to the sensor 508
and the wiring 526. The elastomer 534 may also be configured to reduce the deflection of the
sensor 508 and the wiring 526. In an embodiment, the elastomer 534 may also coat the cavity
506 so that if a fluid enters the cavity, the elastomer 534 may protect the housing 504 from the
fluid. In an embodiment, when an elastomer 534 is disposed on at least a portion of the wall of
the cavity 506, the elastomer 534 provides a seal protecting the housing 504 from fluid that
may form or seep through the seal member 512.

[0060] In an embodiment, a pocket 536 disposed in the housing comprises at least one
compressible component (e.g., foam, a compressible fluid, a porous elastomer, etc.) and is
disposed between at least a portion of the sensor S08 and at least a portion of the housing 504.
The at least one pocket may be is disposed between the housing 504 and portion of the sensor
508 and the wiring 526. In an embodiment, the at least one pocket 536 may be encapsulated
and/or retained by an encapsulant and/or a foam abutting the elastomer 534 and/or disposed
between the between at least a portion of the sensor 508 and at Ieast a portion of the housing

504. When the apparatus 500 experiences a pressure wave, a compressible component (e.g.,
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foam) disposed within a pocket 536 may provide compressibility for the elastomer 534. The at
least one pocket 536 comprising at least one compressible component may also dampen
deflection of the sensor 508 and the wiring 526 in conjunction with the elastomer 534.

[0061] As disclosed in Figures 7A and 7B, a shock mitigating member 510 may be
disposed between at least one end of the sensor 508 and the housing 504. The shock mitigating
member 510 is generally disposed about the axis of the sensor 508 and in contact with the
mounting ring 524 on one end and the housing 504 on the opposite end. The end of the shock
mitigating member 510 engaging the housing may engage a shock mitigating member seat 532
formed in the housing 504. In an embodiment, the shock mitigating member 510 may be
disposed adjacent to at least one seal member 512 and/or at least one seal back up member 530.
In an embodiment, the shock mitigating member 510 may be in the location of the washer 522
disclosed in Figure 6 and/or the washer 522 may be in the location of the shock mitigating
member 510. In an embodiment, the shock mitigating member 510 is subject to hydrostatic
loads. The shock mitigating member 510 may provide mechanical wave reflection, attenuation,
and/or transmission away from the sensor 508 and/or electrical components. For example,
when the sensor 508 experience a mechanical wave and/or pressure disturbance, the shock
mitigating member 510 may protect the sensor and/or the ¢lectrical components, including the
electrical wires, from damage and/or distortion. In an embodiment, the shock mitigating
member 510 may have a sufficiently high compressive strength to limit or avoid deflection
and/or damage to the sensor 508, the mounting ring 524, and/or the wires 526 disposed behind
and attached to the sensor 508. In an embodiment, the wires 520 may be coupled to a non-
transitory computer readable media 536 for receiving a signal from the sensor 508.

[0062] Figures 7A and 7B illustrate additional views of the shock protection apparatus 502.
The shock mitigating member 510 comprises at least two engaging shock mitigating sections
602 and 604. The at least two shock mitigating sections 602, 604 are disposed about the sensor
508 and in contact with each other. The shock mitigating sections 602, 604 generally comprise
different materials. For example, the first shock mitigating section 602 comprises a first
material and the second shock mitigating section 604 comprises a second material. The use of
different materials may provide for an impedance mismatch, thereby reflecting at least a
portion of a compression wave incident on the shock mitigating member 510. For example, the
first material may comprise a first impedance and the second material may comprise a second
impedance such that the impedance of the first material and thus the impedance of first shock
mitigating section 602 is different from the impedance of the second material and thus the

impedance of the second shock mitigating section 604. In an embodiment, the material of the
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first shock mitigating section 602 may comprise a metal such as aluminum and the second
shock mitigating section 604 may comprise a polymer such as PEEK. In an embodiment, the
ratio between the impedance of the first material and the impedance of the second material is
greater than 1.1. In an embodiment, the impedance of each of the shock mitigating sections
comprises a mechanical/acoustic impedance.

[0063] In an embodiment, when the shock mitigating member 510 is disposed about the
axis of the sensor 508 between at least one end of the sensor 508 and the housing 504, the
shock mitigating member 510 may reduce the transmission of at least a portion of a pressure
wave produced by the detonation of a perforating gun to the sensor 508. Specifically, the shock
mitigating member 510 may allow transmission of the pressure wave into and through, for
example, the first shock mitigating members 602 with a first impedance. When the mechanical
wave travels through the first shock mitigating component 602 with the first impedance and
impacts the interface between the first shock mitigating section 602 the second shock
mitigating section 604 having a second impedance, the change in impedance between the first
reflective section 602 and the second reflective section 604 causes at least a portion of the
pressure wave to reflect off of the interface, thereby reducing the transmission of the pressure
wave to the sensor 508.

[0064] The shock mitigating member 510 may comprise a plurality of shock mitigating
sections. In this embodiment, no two shock mitigating sections in contact with each other may
have the same impedance. Thus, for example, the first shock mitigating section 602 may not
make contact along the axial direction of the sensor 508 with another shock mitigating section
with the same impedance as the first shock mitigating section 602. In an embodiment, a
sufficient number of shock mitigating sections may be used to fill any space between the
mounting ring 524 and the housing 504. In an embodiment, spacers may be disposed between
at least two of the shock mitigating sections of the shock mitigating member 510 so that the
shock mitigating sections may be retained in compression. Additionally, spacers may be
provided so that the shock mitigating member 510 may be retained in compression in
conjunction with at least one other component of the shock protection apparatus 500. In
another embodiment, the retaining member 520 may be torqued using threads to provide the
compression without the use of spacers on shock mitigating sections and/or between the shock
mitigating member 510 and another component of the shock protection apparatus 502.

[0065] In an embodiment, at least two adjacent engaging shock mitigating sections of the
plurality of shock mitigating sections may provide an acoustic impedance mismatch, such that

pressure wave energy incident on the shock mitigating section is partly reflected at the interface
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between adjacent sections, thereby attenuating the pressure wave energy traveling through the
sections. A variety of methods of implementing this impedance mismatch are consistent with
the present disclosure. For example, an impedance mismatch may be achieved by rapidly
changing cross-section or density of the spacer relative to the remainder of the perforation tool
assembly.

[0066] The shock mitigating member 510 may serve to attenuate mechanical wave content
above an isolation frequency while allowing lower frequencies to pass through. In an
embodiment, the effective axial and shear stiffness of the shock mitigating member 510 can be
tuned to achieve a desirable isolation frequency for protection from mechanical waves. In an
embodiment, the shock mitigating member 510 is configured to reduce transmission of a
mechanical wave between the housing 504 and the sensor 508. In an embodiment, the shock
mitigating member 510 may be configured to mitigate and/or reflect at least 5% of the pressure
wave traveling between the housing 504 and the sensor 508. In an embodiment, the shock
mitigating member 510 may be configured to mitigate and/or reflect at least about 10%, at least
about 15%, at least about 20%, at least about 25%, at least about 30%, at least about 35%, at
least about 40%, at least about 45%, or at least about 50% of the pressure away traveling
between the housing 504 and the sensor 508. In an embodiment in which the sensor 508
comprises a pressure sensor, the isolation frequency may be about 1 kHz and/or above about 1
kHz. However, isolation may be constrained by the required seal geometry and maximum
allowable deflection under hydrostatic pressure.

[0067] In an embodiment, a method of measuring a shock mechanical in a wellbore
comprises disposing a sensing subassembly 500 comprising a sensor 508 and a shock
protection apparatus 502 into a wellbore, where the sensing subassembly 500 comprises a
housing 504 with a cavity 506 extending into the housing 504, and a sensor 508 disposed at
least partially within the cavity 506. The shock protection apparatus 502 may comprise a shock
mitigating member 510 disposed between at least one end of the sensor 508 and the housing
504. The sensing subassembly 500 may then receive at least one mechanical wave (e.g., a
shock wave, etc.) within the wellbore. The mechanical wave transmission to the sensor 508
may then be reduced using a shock mitigating member 510. A least one parameter associated
with the pressure wave can then be sensed before, during, and/or after a perforating event. The
at least one parameter may comprise a change in dynamic pressure. The sensor 508 may
generate at least one signal in response to the sensing and at least one signal can be transmitted

to and stored in a non-transitory computer readable media 536. In an embodiment, the at least
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one pressure wave comprises a detonation mechanical wave generated by at least one
perforating gun disposed within the wellbore.

[0068] In an embodiment, a method of absorbing at least a portion of a mechanical wave
using a shock protection apparatus comprises at least one sensor 508 receiving a pressure wave
disposed within a cavity 506 of a housing 504, where the at least one sensor 508 is coupled to
the housing 504 at a first end via a shock mitigating member 510. A shock mitigating member
510 reflects and/or mitigates at least a portion of the pressure wave. The shock mitigating
member 510 may also provide shock isolation by creating a softer support between the sensor
508 and the housing 504. The shock mitigating member 510 may comprise a material that is
softer than the sensor 508 and the housing 504. The reflection of the pressure wave may
include the transmission of a mechanical wave through a first material and onto a second
material adjacent to the first material, where the first material and the second material are
disposed about the axis of the sensor 508. In an embodiment, the first material and the second
material are adjacent to the housing. At least one sensor 508 then senses at least one parameter
external to the housing.

[0069] In an embodiment, a method of absorbing at least a portion of a mechanical wave
using a shock protection apparatus further comprises using at least one washer 522 disposed
adjacent to the sensor 508 and along the axis of the sensor to attenuate at least a portion of the
mechanical wave. In an embodiment, at least one washer 522 attenuating a mechanical wave
may be compressed radially. A seal member 512 may be disposed between the sensor 508 and
the housing 504, and the seal member 512 may attenuate a mechanical wave by allowing an
axial deflection along the axis of the sensor 508 and/or a radial deflection along the axis of the
sensor 508 to thereby provide relative movement between the sensor 508 and the housing 504.
Such relative motion may at least partially isolate the mechanical wave (e.g., attenuate the
mechanical wave). In an embodiment, at least one pocket comprising at least one compressible
component may be disposed between at least a portion of the sensor 508 and at least a portion
of the housing 504, which may aid in allowing the compressible component to provide a soft
support behind the sensor 508. The at least one pocket comprising the compressible
component may alternatively and/or additionally provide a soft isolation mount for the back
end of the sensor and/or the wiring. In an embodiment, the sensor 508 may be coupled to the
housing 504 at a second end by means of at least one washer 522. In an embodiment, the
sensor 508 is retained within the cavity 506 extending through the housing 504 by a retaining
ring 520 disposed between the sensor 508 and an opening of the cavity 506. The sensor 508
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may comprise a dynamic pressure transducer, a pressure sensor, a temperature sensor, a logging
sensor, and/or an optical sensor.

[0070] In an embodiment, a shock protection apparatus may be used to protect electronic
boards and/or batteries. In Figure 8, another cross-sectional view of a sensing subassembly 800
is representatively illustrated. The sensing subassembly 800 for use in a downhole tool may
generally comprises a housing 804 and a cavity 806. An electronic board 808 may be disposed
within the cavity 806. A shock protection apparatus 802 generally comprises a stiffening
member and a spring member 822. The shock protection apparatus 802 may be configured to
limit deflection and/or flexing of the electronic board 808 along the axis of the sensing
subassembly 800 and radially about the axis of the subassembly 802. In an embodiment, the
shock protection apparatus 802 may also comprise a tubular member 816, a polymeric material
812, and an isolation mount 8 14.

[0071] In an embodiment, the electronic board 808 is disposed in the cavity 806 of the
housing 804 at an angle that is generally parallel to the axis of the subassembly 802. Due to the
spatial constraints within the housing 804, the cavity 806 may be sized so that the electronic
board 808 fits securely within the cavity 806 and configured so that the electronic board 808
does not interfere with, for example, the detonation cord 30 (depicted in Figure 5) while still
shielding the electronic board 808 from the exterior of the housing 804. In an embodiment, the
electronic board 808 may be disposed so that the primary face of the electronic board 808 faces
inwards or outwards. In an embodiment, the electronic board 808 may be disposed at a non-
perpendicular angle relative to the longitudinal axis of the sensing subassembly 800. The
electronic board 808 and the cavity 806 may be arranged so that the electronic board 802 is able
to fit securely within the sensing subassembly 800 and reduce the transmission of a mechanical
wave produced, for example, from the detonation of a perforating gun. In an embodiment, the
at least one electronic board 808 may be disposed so that the electronic board 808 is not in fluid
communication with (e.g., is substantially fluidly isolated from) an exterior of the housing 504.
[0072] In an embodiment, a stiffening member 809 may engage the electronic board 808
and be configured to limit flexing of the electronic board 808. In an embodiment, the stiffening
member 809 may be used without any other stiffening component such as a tubular member
816. In some embodiments, a combination of both a stiffening member and a tubular member
816 may be used. In an embodiment, the shock protection apparatus 800 may comprise the
stiffening member engaged to each end of the electronic board 808 (e.g., such as a stiffening
strip 810 disposed along an end of the electronic board 808). In an embodiment, a stiffening

member 809 may comprises a first stiffener disposed on at least a first side of the electronic
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board and a second stiffener disposed on at least a second side of the electronic board. In some
embodiments, at least one stiffening member 809 may engage at least one side of the electronic
board 808. For example, the stiffening member 809 may be disposed along a side aligned with
the longitudinal axis of the electronic board 808 and/or a side perpendicular to the longitudinal
axis of the electronic board 808 (e.g., as illustrated by stiffening strip 810 in Figure 8). In an
embodiment, the stiffening member 809 comprises a metal or composite beam engaged to at
least one side of the electronic board 808. The stiffening member 309 may be configured to
resists moments that form across an electronic board 808 when a compression wave is
transmitted to the electronic board 808. This feature may reduce stress across solder joints and
the other various components disposed on the electronic board 808 to maintain the functionality
and prolong the life of the electronic board 808.

[0073] The stiffening member 8§10 may also be surrounded by (e.g., staked and/or potted
in) a polymeric material 812. As shown in Figure 8, the polymeric material 812 may surround
a least a portion of the electronic board 808. In an embodiment, the polymeric material 812
may stake the electronic board to protect components on the electronic board. In an
embodiment, the clectronic board 808 may be potted and/or encapsulated in the polymeric
material 812. Furthermore, in an embodiment, the electronic board 808 may be potted and/or
encapsulated in the polymeric material 812 within a tubular member 816, to be discussed in
more detail herein. The polymeric material may provide heat dissipation on the electronic
board 808. The polymeric material 812 may be configured to provide support to at least one
electronic component on the electronic board 808 and provide a shear coupling between the
electronic board 808 and the cavity 806, or the electronic board 808 and the tubular member
816. The polymeric material 812 may also be configured to provide a secondary load path and
support for at least one solder joint on the electronic board 808. The polymeric material 812
may also at least partially react to inertial loads on the electronic board 808 and provide support
to the electronic components disposed thereon. In an embodiment, when a polymeric material
812 is disposed on at least a portion of the electronic board 808, the polymeric material 812
may reduce and/or limit flexing of the electronic board 808 along the axis of the subassembly
and radially about the axis of the subassembly 802. For example, flexing may be produced by
a mechanical wave traveling through the sensing subassembly 800 due to a mechanical wave.
When a polymeric material 812 is disposed on at least a portion of at least one electronic wire
extending from the electronic board 808, the polymeric material 812 may support and protect
the electronic wiring 818 from damage due to a mechanical wave. Dampening and/or limiting

the motion of the wiring subject to a pressure wave may also minimize electronic noise that
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may interfere with a signal from a sensor and/or being processed on the electronic board. In an
embodiment, an isolation frequency of about 1 kHz may be desired for the electronic board 808
and the wiring 818. In some embodiments, a frequency of 1 kHz or greater may be reduced
(e.g., a frequency between about 1 kHz and about 100 kHz).

[0074] In an embodiment, the shock protection apparatus 802 may comprise a tubular
member 816. The tubular member 816 may be disposed about at least a portion of the
electronic board 808 and may be configured to limit flexing of the electronic board 808 along
the axis of the subassembly and radially about the axis of the subassembly 802. In an
embodiment, the tubular member 816 may be configured to be electrically connected to a
ground reference on the board to minimize electromagnetic noise and interference. In an
embodiment, the tubular member 816 may be disposed within the cavity 806. The polymeric
material 8§12 may serve to couple the tubular member 816 to the electronic board 808. As
disclosed in Figure &, the tubular member 816 may extend through at least a portion of the
cavity 806 of the housing 804. The tubular member 816 may be configured to contain the
electronic board 808.

[0075] As illustrated in Figures 9A-9C, the tubular member 816 may have a hexagonally
shaped cross-section. In some embodiments, the cross-section of the tubular member 816 may
comprise an oval shape, a polygonal shape, a circular shape, or a non-circular shape. In an
embodiment, the cross-section of the tubular member 816 may comprise an open shape (e.g., a
non-closed cross-sectional shape) having one or more openings along the cross section such as
a c-shape, partial oval shape, partial non-circular shape or the like. The shape of the tubular
member 816 may be configured (e.g., in size and/or in shape) to fit securely within the cavity
806 of the housing 804 of the sensing subassembly 800 while allowing for the inclusion of the
additional structures within the sensing subassembly 800 such as a detonation cord and the like.
The shock protection apparatus 802 may also comprise a material layer 820. The material layer
820 may be disposed on at least a portion of at least one side of the electronic board 808, as
disclosed in Figures 9A-9C. For example, the material layer may be disposed on one or more
components between the one or more components and the potting and/or polymeric material.
The material layer 820 may be configured to provide flexibility and/or compliance around the
sensitive components of the electronic board 808 to protect the sensitive components from
thermal expansion and/or shrinkage of the polymeric material. In an embodiment, the material
layer 820 may be disposed over at least one primary face of the electronic board 808, which
may comprise the face with the most electronic components. In an embodiment, the primary

face of the electronic board 808 may comprise a face comprising fragile components. The
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material layer 820 comprises a softer material than the polymeric material 812, and in an
embodiment, may be a conformal coating. The material layer 820 may be disposed over at
least one solder joint disposed on the face of the electronic board 808. When a material layer
820 is disposed over at least a portion of at least one side of an electronic board 808, the
material layer 820 may provide support and strength for at least one solder joint disposed on at
least one side of the electronic board when the electronic board is exposed to a pressure wave,
such as during a perforating event.

[0076] The shock protection apparatus 802 may further comprise a spring member 822
coupling the electronic board 808 and/or the tubular member 816 to the inner walls of the
cavity 806. A pocket 826 may be disposed between two portions of the spring member 822 to
allow independent movement of each portion. The spring member 822 may be configured to
provide an isolation mount reducing transmission of compression waves and/or the limiting the
amplitude of any compression waves transmitted to the electronic board 808 through the shock
protection apparatus 802. The spring member 822 may be configured to limit the maximum
deflection of the electronic board 808 and limit or prevent contact between the electronic board
808 and other surrounding surfaces. Additionally, the spring member 822 may be configured
to protect any electronic wires from flexing and/or stretching, In an embodiment, the spring
member 822 may be configured to reduce or attenuate mechanical wave transmission above
about 500 Hz. The spring member 822 may be disposed around the electronic board 808
and/or the stiffening member 809, and the spring member 822 may couple the electronic board
808 with at least one wall of the cavity 806. The spring member 822, in an embodiment, may
be engaged with at least a portion of a tubular member 816 retaining the electronic board 808.
In an embodiment, the spring member 822 may be configured to limit deflection of the
electronic board 808 along the axis of the subassembly and radially about the axis of the
subassembly 802. In an embodiment, the polymeric material 812 may be disposed on at least a
portion of at least one electronic wire 818 (as shown in Figure §) extending from the electronic
board 808 to support the electronic wire 818 from deflection and damage from mechanical
waves during detonation of a perforating gun.

[0077] In an embodiment, the polymeric material 812 may extend over the board and serve
the function of the spring member 822, potentially replacing the spring member 822 if the
spring member 822 is not present. For example, the subassembly 802 may not comprise the
tubular member 816 so that the polymeric material 812 provides the function of the spring

member 822.
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[0078] In an embodiment, a first spring member 822 comprising an elastomer may be
disposed at a first end of the cavity 806 and a second spring member 824 comprising an
clastomer may be disposed at a second end of the cavity 806. As disclosed in Figure 8, the first
spring member 822 may be disposed over a portion of the electronic board 808 at a first end of
the electronic board 808 and the second spring member 824 may be disposed over at least a
portion of the electronic board 808 at a second end of the electronic board 808. The first spring
member 822 and/or the second spring member 824 may retain the electronic board 808 in the
cavity 806. The first spring member 822 disposed at a first end of the cavity 806 may be
configured to engage at least a portion of the cavity 806 and at least a portion of the polymeric
material 812, and the second spring member 824 disposed at a second end of the cavity 806
may be configure to engage at least a portion of the cavity 806 and at least a portion of the
polymeric material 812. The first spring member 822 may also be configured to engage at least
a portion of the tubular member 816, and the second spring member 824 may be configured to
engage at least a portion of the tubular member 816. In an embodiment, a first elastomer 822
disposed at a first end of the cavity 806 may attenuate at least a portion of the mechanical
waves across the electronic board 808. In an embodiment, a second elastomer 824 disposed at
a second end of the cavity 806 may attenuate at least a portion of the mechanical waves across
the electronic board 808.

[0079] The first spring member 822 and second spring member 824 may be configured to
limit deflection of the tubular member 816, and thereby the electronic board 808, in the axial
and radial directions along the axis of the subassembly 802. The pocket 826 or void may be
disposed between the first spring member 822 and the second spring member 824. In an
embodiment, an elastomer or a foam may be disposed in the pocket 826 between the first
spring member 822 and the second spring member 824. The material in the pocket 826 may be
used to aid in manufacturing the shock protection apparatus 802 by providing the desired
spacing between spring member 822, 824 during installation.

[0080] In an embodiment, one or more electronic connections 818 (e.g., a wire) may be
coupled to the electronic board 808 to allow communication between various components such
as sensors and the electronic board 808. The first spring member 822 and/or the second spring
member 824 may encapsulate at least one wire 818 extending from the electronic board 808.
The at least one wire 818 extending from the electronic board 808, which may be encapsulated
by the first spring member 822 and/or the second spring member 824, may be coiled or formed
in a spiral or helical configuration. The first spring member 822 and/or the second spring

member 824 may be configured to limit deflection in the axial and radial directions along the
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axis of subassembly of at least one wire extending from the electronic board. The first spring
member 822 and the second spring member 824 may limit deflection of the electronic board
808 and/or the wiring 818 engaging the electronic board 808 caused by a mechanical wave
impacting the sensing subassembly 800. For example, the first elastomer 822 and/or the second
elastomer 824 may be configured to support at least one electronic wire 818 engaging the
electronic board 808 so that the at least one electronic wire 818 may not be damaged, broken,
and/or disengaged from the electronic board during the detonation of a perforating gun. In an
embodiment, coiling and/or encapsulating at least one electronic wire 818 within at least the
first elastomer 822 and/or the second elastomer 824 may serve to attenuate a mechanical wave
incident on the electronic board that propagates to the electronic wire 818 and/or causes relative
motion between the electronic board and the electronic wire 818.

[0081] While the spring members 822, 824 are illustrated as filling portions of the cavity
806, the spring member may also take the form of an isolation mount disposed between the
electronic board 808 and the stiffening member 810. For example, the isolation mount may
comprise a mechanical spring and/or a damper arrangement, such as, for example, a coil spring
or a flexure encapsulated in rubber. In an embodiment, the isolation mount may comprise of a
spring on each end of the electronic board 808 and/or radial o-rings. In some embodiments, the
spring members 822, 824 may not be present and/or may be integrally formed with the
polymeric material 812, In this embodiment, the polymeric material 812 may extend over the
board and serve the function of the spring member 822, potentially replacing the spring
member 822 if the spring member 8§22 is not present. For example, the subassembly 802 may
not comprise the tubular member 816 so that the polymeric material 812 provides the function
of the spring member 822.

[0082] In an embodiment, a material layer 820 may be disposed over at least a portion of at
least one face of the electronic board 808 to attenuate the mechanical wave. The material layer
820 may comprise a softer material than the polymeric member 812. The relatively softer
material layer 820 may provide for an amount of compliance or movement between the
components (e.g., electrical connections, solder joints, etc.) on the electronic board 808 and the
polymeric material 812. This may help to limit or prevent loading the electronic components
above a failure point when the electronic board 808 is subjected to a mechanical wave. In an
embodiment, the material layer 820 may be disposed over at least one solder joint.

[0083] In an embodiment, the sensing subassembly 800 comprising the shock protection
apparatus 802 may be used to protect an electronic component from a mechanical wave. When

a mechanical wave is incident upon and/or travels through the housing 804 containing an
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electronic component such as an electronic board 808 disposed in the cavity 806, a stiffening
member 810 coupled to the electronic board 808 and a polymeric material 812 disposed about
the electronic board 808 may attenuate the mechanical wave to limit the amplitude and/or
frequencies impacting the electronic board 808. The polymeric material 812 disposed on at
least a portion of the electronic board 808 may provide a secondary load path and/or support for
at least one solder joint on the electronic board 808. The mechanical wave may be attenuated
in the axial and radial directions along the axis of the subassembly 802. The stiffening member
810 may engage the electronic board 808 and one or more spring members 822, 824 may be
disposed on at least a portion of the electronic board 808. In an embodiment, a spring members
822, 824 may be coupled to the electronic board 808 and the cavity 806. The spring members
822, 824 may support one or more electronic components disposed on the electronic board 808
and aid in protecting the electronic components from the mechanical wave including, for
example, any resulting inertial loads on the electronic board. In an embodiment, first spring
member 822 may be disposed on at least a first end of the electronic board 808 and a second
spring member 824 may be disposed on at least a second end of the electronic board 808 to
couple the tubular member 816 within the cavity 806. In an embodiment, the electronic board
808 may be utilized to carry out at least one function after the sensing subassembly 800
experiences at least one mechanical wave resulting from a perforating event.

[0084] In an embodiment, a sensing subassembly 900 may comprise a shock protection
apparatus used to protect a sensor 908 disposed within the sensing subassembly 900. As shown
in Figures 10, 11, and 12, the sensing subassembly 900 comprises a housing 904, a cavity 906
disposed within the housing 904, and at least one sensor 908 disposed within the cavity 906.
The shock protection apparatus 902 comprise at least one isolating member 910 disposed
within the cavity 906 about at least a portion of the sensor 908. The at least one isolating
member 910 is configured to attenuate at least a portion of the frequency components of a
mechanical wave above a threshold frequency (e.g., above a given frequency, above a
frequency amplitude, etc.) and transmit at least a portion of frequency components below the
threshold to the at least one sensor 908. In an embodiment, the shock protection apparatus 902
may be configured to maintain the functional integrity of the at least one sensor 908 disposed
within the cavity 906 while in close proximity to a perforating gun during a perforating event.
[0085] In an embodiment, the cavity 906 may be disposed within the housing 904 and
configured so that the housing 904 surrounds the cavity 906. In this embodiment, a sensor 908
disposed within the cavity 906 may not be exposed to the exterior of the housing 904 in any

direction. In some embodiments, the cavity 906 may be disposed so that at least one side of the
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cavity 906 is exposed to the exterior of the cavity 906 and/or the interior of the sensing
subassembly 902 (e.g., the interior volume of the shock protection apparatus 900). This
configuration may allow for easier insertion of at least one sensor 908 such as an accelerometer
into the cavity 906.

[0086] At least one sensor 908 may disposed within the cavity 906 of the housing 904 of
the shock protection apparatus 500. In an embodiment, the sensor 908 may comprise an
accelerometer. As disclosed in Figures 10 and 11, three sensors 908 may be disposed within
the cavity 906. In an embodiment, the sensors 908 may be mounted on a mounting member
912. Furthermore, as disclosed in Figures 10 and 11, three sensors 908 are mounted on a tri-
axial mounting member 912 so that each sensor 908 may sense a parameter in all three
Cartesian directional coordinates. In an embodiment, the mounting member 912 may be a cube
shape, a spherical shape, or any shape that would function to mount at least one sensor 908.
[0087] In an embodiment, the isolating member 910 may be disposed within the cavity 906
and configured to attenuate at least a portion of frequency components of a mechanical wave
above a threshold and transmit at least a portion of frequency components below the threshold
frequency to the at least one sensor 908. The isolation member 910 may engage at least one
portion of at least one side of the cavity 906, and the isolation member 910 may encapsulate the
at least one sensor 908 and/or a mounting member 912. In an embodiment, the isolation
member 910, may comprise a polymeric material configured to provide a spring function
around the at least one sensor. This feature may reduce deflection and/or damage to the at least
one sensor 908.

[0088] In an embodiment, the isolation member 910 may provide for sufficient compliance
to allow for effective isolation of the sensor from at least a portion of the mechanical wave
above a threshold frequency, which may comprise a frequency content that may cause damage
to the sensor 908. In this embodiment, the threshold frequency may be between about 10 kHz
and about 100 kHz, between about 20 kHz and about 50 kHz, or between about 25 kHz and
about 40 kHz. In an embodiment, the threshold frequency may be about 30 kHz. The desired
threshold frequency may be obtained in one, two, and/or three axes based at least in part on the
modulus of the isolation member 910 and the geometry of the isolation member 910 (e.g.,
thickness, depth, etc.) around the at least one sensor 908 and/or the mounting member 912.
The isolation member 910 may also provide sufficient compliance to allow for effective
isolation of a mounting member 912. Since the isolation member 910 may attenuate

frequencies above a threshold frequency and transmit frequency below a threshold frequency,
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an accelerometer, for example, may sense desired parameters below a threshold frequency
while avoiding damage and interference from frequencies above a threshold frequency.

[0089] In an embodiment, the polymeric material may comprise a glass transition
temperature above the expected operating conditions within the wellbore. This feature may
allow for isolation performance at elevated working temperatures. For example, when the
polymer exceeds the glass transition, it may soften and attenuate frequencies lower than
desired. Furthermore, a glass transition temperature above the expected operating temperature
may prevent the isolation member from transitioning and flowing when the shock protection
apparatus 900 is in place within the warmer temperatures of the wellbore. In an embodiment,
the glass transition temperature may be above about 100 degrees Celsius, above about 125
degrees Celsius, above about 150 degrees Celsius, above about 175 degrees Celsius, or above
about 200 degrees Celsius. In an embodiment, the glass transition temperature may be below
about 300 degrees Celsius.

[0090] A method of measuring a mechanical wave event in a wellbore comprises disposing
a sensing subassembly 900 comprising shock protection apparatus 902 into a wellbore. The
shock protection apparatus 902 may receive at least one mechanical wave within the wellbore,
which may include a shock wave and/or a pressure disturbance. When the shock protection
apparatus 902 receives at least one mechanical wave, the shock protection apparatus 902
attenuates at least a portion of frequency components of at least one mechanical wave above a
threshold and transmits at least a portion of the frequency components below the threshold to
the sensor 908. The sensor 908 senses at least one parameter associated with the mechanical
wave and generates at least one signal in response to sensing at least one parameter. The at least
one signal may then be stored in a non-transitory computer readable media 914. The at least
one mechanical wave may comprises a shock wave generated by at least one perforation gun
disposed in a wellbore.

[0091] A method of absorbing mechanical waves using a shock protection apparatus 902
comprises, in an embodiment, attenuating at least a portion of a mechanical wave and
transmitting at least a portion of the mechanical wave to the at least one sensor 908. The sensor
908 may sense at least one parameter of the mechanical wave transmitted through the isolation
member 910. The isolation member 910 may encapsulate the at least one sensor 908. The
isolation member 910 may comprise a polymeric material configured to provide a spring
function around the at least one sensor 908. Additionally, a mounting member 912 may be
utilized to mount at least one sensor 908. In an embodiment, the isolation member 910 may

encapsulate the mounting member 912. Additionally, in an embodiment, the shock protection
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apparatus 900 and/or the isolation member 910 may attenuate at least a portion of the
mechanical wave above a threshold frequency and transmit at least a portion of the mechanical
wave below a threshold frequency to the at least one sensor 908. In an embodiment, the shock
protection apparatus 902 and/or the isolation member 910 may attenuate mechanical wave
frequencies at about 30 kHz or greater and transmitting mechanical wave frequencies below
about 30 kHz.

[0092] Having described the systems and methods, various embodiments may include, but
are not limited to:

[0093] In an embodiment, a sensing subassembly for use with a downhole tool comprises a
housing, a cavity disposed within the housing, at least one electronic component disposed
within the cavity, and at least one isolating member disposed within the cavity. The at least one
isolating member is configured to attenuate at least a portion of frequency components of a
mechanical wave above a threshold and transmit at least a portion of frequency components
below the threshold to the at least one electronic device. The sensing subassembly may also
include a mounting member configured for mounting the at least one electronic device. The
mounting member may comprise a triaxial mount configured for orienting at least one
electronic device in three axes. The at least one isolating member may comprise a polymeric
material configured to provide a spring function around the at least one electronic device. The
isolation member may comprise a polymeric material configured to provide a spring function
around the mounting member. The threshold may be about 30 kHz or greater. The at least one
isolating member may be further configured to maintain the functional integrity of the at least
one electronic device disposed within the cavity while in close proximity to a detonating
perforating gun. The polymeric material may comprise a glass transition temperature above
about 100 degrees Celsius. The threshold may be based on the modulus or thickness of the
polymeric material around the at least one electronic device. The threshold may be based on
the modulus or thickness of the polymeric material around the mounting member. The
isolation member may engage at least a portion of the cavity wall. The cavity may extend into
the housing.

[0094] In an embodiment, a method of measuring a shock event in a wellbore comprises
receiving, by a sensing subassembly, at least one mechanical wave within a wellbore, where the
sensing subassembly comprises: a cavity disposed within a housing, at least electronic
component disposed within the cavity, and at least one isolating member disposed with the at
least one electronic device within the cavity. The method also comprises attenuating at least a

portion of frequency components of the at least one mechanical wave above a threshold
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frequency, transmitting at least a portion of the frequency components of the at least one
mechanical wave below the threshold to the electronic device, sensing at least one parameter
associated with the at least one mechanical wave, generating, by the electronic component, at
least one signal in response to the sensing, and storing the at least one signal in a non-transitory
computer readable media. The at least one mechanical wave may comprise a detonation wave
generated by at least one perforating gun disposed within the wellbore.

[0095] In an embodiment, a method of absorbing a mechanical wave using a shock
protection apparatus comprises receiving a mechanical wave at a housing. The housing is
disposed in a wellbore, and the housing contains at least one cavity with at least one sensor
disposed within the at least one cavity. The at least one sensor is coupled to the housing by an
isolation member. The method also comprises attenuating at least a portion of the mechanical
wave using the isolation member, transmitting at least a portion of the mechanical wave to the
at least one sensor using the isolation member, and sensing at least one parameter of the
mechanical wave transmitted to the at least one sensor. The method may also include
encapsulating the at least one sensor with the isolation member, and the isolation member may
comprise a polymeric material configured to provide a spring function around the at least one
sensor. The method may also include mounting the at least one sensor on a mounting member.
The method may also include encapsulating the mounting member with the isolation member,
and the isolation member may comprise a polymeric material configured to provide a spring
function around the mounting member. Attenuating at least the portion of the mechanical wave
may comprise attenuating above a threshold frequency, and transmitting at least a portion of the
mechanical wave may comprise transmitting below a threshold frequency to the at least one
sensor. Attenuating at least a portion of the mechanical wave may comprise attenuating
mechanical wave frequencies at about 30 kHz or greater, and transmitting mechanical wave
frequencies may comprise transmitting mechanical wave frequencies below about 30 kHz.
[0096] It is to be understood that the various embodiments described herein may be utilized
in various orientations, such as inclined, inverted, horizontal, vertical, etc., and in various
configurations, without departing from the principles of the present disclosure. The
embodiments are described merely as examples of useful applications of the principles of the
disclosure, which is not limited to any specific details of these embodiments.

[0097] At least one embodiment is disclosed and variations, combinations, and/or
modifications of the embodiment(s) and/or features of the embodiment(s) made by a person
having ordinary skill in the art are within the scope of the disclosure. Alternative embodiments

that result from combining, integrating, and/or omitting features of the embodiment(s) are also
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within the scope of the disclosure. Where numerical ranges or limitations are expressly stated,
such express ranges or limitations should be understood to include iterative ranges or
limitations of like magnitude falling within the expressly stated ranges or limitations (e.g., from
about 1 to about 10 includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12, 0.13, etc.). For
example, whenever a numerical range with a lower limit, R;, and an upper limit, R,, is
disclosed, any number falling within the range is specifically disclosed. In particular, the
following numbers within the range are specifically disclosed: R=R;+k*(R,-R;), wherein k is a
variable ranging from 1 percent to 100 percent with a 1 percent increment, i.e., k is 1 percent, 2
percent, 3 percent, 4 percent, 5 percent, ..., 50 percent, 51 percent, 52 percent, ..., 95 percent,
96 percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any numerical range
defined by two R numbers as defined in the above is also specifically disclosed. Use of the
term "optionally" with respect to any element of a claim means that the element is required, or
alternatively, the element is not required, both alternatives being within the scope of the claim.
Use of broader terms such as comprises, includes, and having should be understood to provide
support for narrower terms such as consisting of, consisting essentially of, and comprised
substantially of. Accordingly, the scope of protection is not limited by the description set out
above but is defined by the claims that follow, that scope including all equivalents of the
subject matter of the claims. Each and every claim is incorporated as further disclosure into the

specification and the claims are embodiment(s) of the present invention.
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What is claimed is:

1.

10.

11.

12.

A sensing subassembly for use with a downhole tool comprising:

a housing;

a cavity, wherein the cavity is disposed within the housing;

at least one electronic component disposed within the cavity; and

at least one isolating member disposed within the cavity, wherein the at least one
isolating member is configured to attenuate at least a portion of frequency
components of a mechanical wave above a threshold and transmit at least a
portion of frequency components below the threshold to the at least one
electronic device.

The sensing subassembly of claim 1, further comprising a mounting member

configured for mounting the at least one electronic device.

The sensing subassembly of claim 2, wherein the mounting member comprises a

triaxial mount configured for orienting at least one electronic device in three axes.

The sensing subassembly of claim 1, wherein the at least one isolating member

comprises a polymeric material configured to provide a spring function around the at

least one electronic device.

The sensing subassembly of claim 2, wherein the isolation member comprises a

polymeric material configured to provide a spring function around the mounting

member.

The sensing subassembly of claim 1, wherein the threshold is about 30 kHz or greater.

The sensing subassembly of claim 1, wherein the at least one isolating member is

further configured to maintain the functional integrity of the at least one electronic

device disposed within the cavity while in close proximity to a detonating perforating

gun,

The sensing subassembly of claim 4, wherein the polymeric material comprises a glass

transition temperature above about 100 degrees Celsius.

The sensing subassembly of claim 4, wherein the threshold is based on the modulus or

thickness of the polymeric material around the at least one electronic device.

The sensing subassembly of claim 5, wherein the threshold is based on the modulus or

thickness of the polymeric material around the mounting member.

The sensing subassembly of claim 1, wherein the isolation member engages at least a

portion of the cavity wall.

The sensing subassembly of claim 1, wherein the cavity extends into the housing.
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13. A method of measuring a shock event in a wellbore comprising:

receiving, by a sensing subassembly, at least one mechanical wave within a wellbore,
wherein the sensing subassembly comprises:
a cavity disposed within a housing,
at least electronic component disposed within the cavity, and
at least one isolating member disposed with the at least one electronic device

within the cavity;

attenuating at least a portion of frequency components of the at least one mechanical
wave above a threshold frequency;

transmitting at least a portion of the frequency components of the at least one
mechanical wave below the threshold to the electronic device;

sensing at least one parameter associated with the at least one mechanical wave;

generating, by the electronic component, at least one signal in response to the sensing;
and

storing the at least one signal in a non-transitory computer readable media.
14. The method of claim 13, wherein the at least one mechanical wave comprises a
detonation wave generated by at least one perforating gun disposed within the wellbore.
15. A method of absorbing a mechanical wave using a shock protection apparatus
comprising:
receiving a mechanical wave at a housing, wherein the housing is disposed in a
wellbore, wherein the housing contains at least one cavity with at least one
sensor disposed within the at least one cavity, wherein the at least one sensor is
coupled to the housing by an isolation member;

attenuating at least a portion of the mechanical wave using the isolation member;

transmitting at least a portion of the mechanical wave to the at least one sensor using
the isolation member; and

sensing at least one parameter of the mechanical wave transmitted to the at least one
sensor.

16. The method of claim 15, further comprising encapsulating the at least one sensor with
the isolation member, wherein the isolation member comprises a polymeric matetial
configured to provide a spring function around the at least one sensor.

17. The method of claim 15, further comprising mounting the at least one sensor on a

mounting member.
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18.

19.

20.

The method of claim 17, further comprising encapsulating the mounting member with
the isolation member, wherein the isolation member comprises a polymeric material
configured to provide a spring function around the mounting member.

The method of claim 15, wherein attenuating at least the portion of the mechanical
wave comprises attenuating above a threshold frequency and wherein transmitting at
least a portion of the mechanical wave comprises transmitting below a threshold
frequency to the at least one sensor.

The method of claim 19, wherein attenuating at least a portion of the mechanical wave
comprises attenuating mechanical wave frequencies at about 30 kHz or greater and
transmitting mechanical wave frequencies comprises transmitting mechanical wave

frequencies below about 30 kHz.
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