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DOWNHOLE SHOCK SENSOR

BACKGROQUND

(000} Wells may be drlled al various depths to access and produce oil, gas,
minerals, and other naturally-occurring deposits from sablerraniean geological formations. A
completed well may be perfornied in order to provide communication between the well and
the subterranean geological formation,

00021 Attempty have been made to determine the effects of shock due o perforating
on other components of a perforating string, It may be desirable, for example, to prevent
unsetting a production packer, o prevent fatlurs of a perforating gun bady, and to otherwiss
prevent or at least reduce damage 1o the various components of a perforating string.
Unforbamately, past attempts have not satisfactorily messured the strains, pressures, andfor
aocelerations, ete., produced by perforating. This may make estimations of conditions fo be
expericnced by current and future porforating steing designs unreliable. Further, officiency
may be lost as theve currently i not g real-time feedback of whether or not perforation hag
oceurred downhole.

BRIEF DESCRIPTION OF THE DRAWINGS

PO003] These drawings llustrate certain aspects of some sxamples of the present

disclosure, dand should not b wsed to Bmit ov define the distlosure,

100047 FIG. 1 {Bustrate an example of a well systeny

ol

[0003] FIG. 2 tustrates an example of a shock sensor prior 1o & perforation;

[0008] FIG. 3 tHustrates an example of a shock sensor afler perforation;

(0071 FIG. 4 ilustrates an example of a shock sensor prior to a perforation;

[ODORT FIG. 3 iHustrates an sxample of a shook sensor after perforation; and

0091 FIG. 6 illustrates an example of a shock sensor incorporated nte & casing
collar locator,

DBETAILED DESCRIPTION

[O016G] The presamt disclosure relates generally to sensing shock generated by a
perforating svstem and, more pavticularly, 10 a sensor used for read-time feedback to sense the
perforation shock. The sensor may use simple, robust electromiechanical components withont
requiring additional downhole circuitry, In examples, the sensor may use a coil and magnet
assembly with a magnetic menber that moves in relation to each other based on the shock

produced by the perforating system.



WO 2020/139366 PCT/US2018/067824

[O011] FIGL 1 ilHlustates & cross-sectional view of a well system 100, Ag ilustrated,
well system 100 may include & shoek sensor 105 attached o a vehicle 1O In exsmples, ot
should be noted that shock sensor HIS may vot be aftached to a vehicle 110 but may be
attached 1o any other suitable object, Shock seasov WIS may be supported by avig 115 at s
surface 120 Shock sensov 105 may be tethered to vebicle 118 through a conveyance 125
Conveyance 125 may be disposed around one or more sheave wheels 130 located on vehicle
T During operations, the one or more sheave wheels 130 may rotate to lower andfor raise
conveyvance 125 downhole. Ag shock sensor 105 15 coupled to conveyance 125, shook seasor
105 may be displaced accordingly with conveyvance 123, Conveyance 125 may include any
suitable means for providing mechanival conveyance for shock sensor 105 including, but not
Hinited to, wiveline, slickling, coiled tubing, pipe, deill pipe, dnill string, tobular string,
downhole tractor, andfor the fike. In some embodiments, conveyance 125 may provide
mechanival suspension, ss well #s clectrical connectivity, for sensor package 108 In
sxamples, shock sensor 108 may be disposed about o downhole tool {Le, ¥ downhole
perforating system) (not ihustrated). Without {bmitations, the downhole tool may be any
suitable downhole tool configured to perform a well completions operation andior to obtain
measirenients whike downhole, Infornmtion. such 45 measurements, Fomthe downhale toal
may be gathered andfor processed by an information handling svatem 135,

{00127 Systems and methods of the present disclosure may be implemented, at feast
in part, with information handling system 135, Withouot imitation, shock sensor 105 may be
connceted o andfor controlled by information handling systemt 133, which may he disposed
ow surface 120, Information handbng system 135 nwey include bandeselective filters, gain
stages, digitizers, andéor combinations theveoll Information handling system 135 may be
capable of processing an analog andfor digital sigual. Information handling system 135 wmay
inclade any fostrumentality or aggregate of strumentalities operable to compute, extimate,
classify, process, transmit, receive, retrieve, originate, switch, store, display, manifest, detect,
record, reproduce, handle, or utilize any form of information, intelligence, or daw for

-
3

husiness, scientific, control, or other purposes. For example, information handling system 133

‘}s

may include a processing unit 140, a natwork storage device, orany other suitable device and
may vary in size, shape, performance, functionality, snd price. Information handling system
135 may include pandom aocess memory (RAM), one or more processing resonrees such as ¢
centval processing undt (CPUY o havdware or software coptrod logic, ROM, and/or other typex
of nonvolatile memory. Additional components of the information handling system 135 may

2
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mclude one or more disk drives, one or more pebwork ports for communication with external
devices s well ar vadous 1oput and ouyput (KO devices, such as an joput device 143 {sg.,
kevboard, mouse, eie.) and a video display 130 Information handling system 135 may also
inchude ong or more buses opevable {o fransmit communications between the various
havdware camponents.

{00131 Alternatively, systems and methods of the present disclosure may be
implemented, at Ieast iy part, with pon-transitory  computer-readably media 155, Nen-
transitory compuler-readable media 155 may include any instrumentality or aggregation of
mstrumentalities that may relain data andéor instructions for & period of time. Non-transitory
conynter-readable media 155 may huclude, for examnple, storage media such as a divedt
gevess storage device {e.g., 8 hard disk drive or floppy disk drive), a sequential abeess storage
device (e.g., a tape disk drive). compact disk, CO-ROM, DVD, RAM, ROM, clectrically
erasable programumable read-only memory (EEPROM), andior flash memory; as well as
commutications media such as wires, opfical fibers, mucrowaves, radio waves, and other
electromagnetic andior optical carriers; and/or any combination of the foregoing.

{00147 In aliornate examples, information handling system 135 way be disposed
downhole on andfor in conveyanee 125 as a dowshole information handling system (not
ithustrated). Processing of information recorded may doecur downhole andfor on swrface 120,
Processing cecurring downhole may be ragsmitted to surface 120 1o be recorded, observed,
andfor further analyzed. Additionally, joformation wecovrded on downhole information
handling sydem may be dored until conveyance 123 traverses back uphole. In examples,
information handling system 133 may communicate with downhole information handling
system through a communication line {pot iflustrated} disposed in {or on) conveyance 125, In

examples, wireless, communication: may be used v ragsmit information back and forth

batween information handhing systemn 135 and downhole information handling system,
Information handling system 135 may vansmnit information to downbole information

handling system and may receive, a5 well ag process, nfornmation recorded by downbole
information handling system,

JOST I examples, downhole information handling system my inchide, withow
fivpitation, a microprocessor or other suitable circuitry, for estimaiing, receiving, and
processing signals from shock sensor 1S Downhole information handling sysiem may

further inclade additional components, such as memory, input'output devices, interfaces, and
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the like. In examples, while not dlustrated, downhole information handling system may
molude one or more additional components, such as analog-to-digital converter, filter and
araplifior, among others, that may be used @ process the measurements of shock sensor 1S
before they may be transmitiod o surface 120, Alternatively, raw measwrements from shock
sensor 103 may be transmitted 1o surface 120,

[0018] Any suitable technigue way beased for transmitling signals from downhole

information handling system to swrface 130, incloading

Fer

but not hmited to, wired pipe
telemetry, mud-pulse elemetry, acoustic telemetry, and electromagnetic telemetry. While not
itlustrated, dowuheole information handling system may include a telemetry subassembly that
may transmit fekemetry data to swrface 120, Without Hmitation, an electromagnetio source i
the telemetry subassembly may be operable to generate pressare pulses in the dritling flaid
thal propagate along the fuid stream to swface 120, The data may then be analyzed and
processed by information handling system 135,

[001771 As Hustrated, shock sensor 103 may be disposed in & wellbore 160 by way of
convevange 125, Wellbore 180 may extend from g wellhead 165 into a subterrancan
formation 170 from surface 120, Wellbore 1600 may be cased andfor uncased. In examples,
welthore 160 may inchude a metallic material, such as a tobular string 1730 By way of
example, twbular siving 173 may be a casing, liner, tubing, or other clongated fubular
disposed in weltbore 160, Ag Hlugirated, wellbore 160 may extend through sublerancan
formation 170, Wellbore 160 may generally extend vertically iinto the subterranean formation
170 However, wellbore 160 may extend at an angle through subterranean formation 170,
sueh as horizontal and slanted wellboves, For example, although wellbore 160 is Hlustrated as
a vertical or fow inclination angle well, high inclination angle o bovizontal placement of the
wel and equipment may be possible. 1 should further be noted that while wellbore 160 i
generally depicted as 3 land-based operation, those skilled in the art may recoguize that the
principles described hersin are equally apphlicable fo subsea operations that enmploy Boating or
sea-based platforms and rigs, without departing from the scope of the disclosure.

[0018] In examples, rig 113 includes a load cell (not shown) which may determine the
amount of pull on conveyance 125wt surface 120 of wellbore 160, While not shown, s safery
valve may control the hydraulic prossure that drives a drom 180 on vehicle 1O which may
recl up andfor release convevance 125 which may move shock sensor 103 up andior down
welthore 160, The safety valve may be adjosted to  pressure such that drum 180 may only

4
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mnpart & smad] aroount of tension W conveyanee 125 over and sbove the tension necessary to
retrieve conveyarice 123 and/or shock sensor 108 from wellbore 160, The safety valve may
typically beset a fow hundred pounds above the amount of desived safe pull oo convevance
123 such that once that il is exceeded, further pull oo conveyanoe 123 may be prevented,

{0019 FiGs. 2.3 Hlustrate an example of shock sensor 105 FIG. 2 ilhustrates shock
sensor 105 prior 10 a perforation operation. FIG. 3 illustrates shock sensor 105 after
perforation has occurred, Shock sensor 103 may be configured to determing a perforation
gvant by measuring a change in a magnetic feld produced by the shock from the perforation
svent. Shock sensor 103 may include a bousing 200, a coil 208, magnels 2104, 2108, a
spring 215, and a metallic member 220, Iy examples, housing 200 of shock sensor 103 may
be disposed on conveyance 135 and may displace ss conveyance 125 moves accordingly.
Housiag 200 may be secured to conveyance 1235 through the use of any suitable mechanisias,
including, but not Himited to, the wse of sultable fostencrs, threading, adbosives, welding,
andior combinations thereof. Withoul lmitation, suitable fasteners may include nuis and
holts, washers, serevs, ping, sockets, rods and stads, binges andior any combination thereof.
Without Hmitation, hoasing 200 may inclode gny sultable matenial such as metals, nonmetals,
polymers, cormmics, andfor any combination thereof. Housing 200 may be any suilable size,
height, andfor shape. Without Himitation, a suitable shape may include, but is not himited o,
cross-sectional shapes that are clrealar, ciliptical, triangular, rectangular, square, hexagonad,
andfor combinations thereoll In examples, housing 200 way have a circulsr crogs-section
with an mner diameter and an outer dameter to form a centreal bore 225 that traverses the
fength of housing 200, Housing 200 may further include an internal cavily 230 disposed
between the inner diameter and the outer dismmeter of housing, wherein other components of
shock sensor 185 may be-disposed. As llustrated, conveyanee 125 may be disposed within
cepral bove 223 of housing 200 to connget 1o coil 205,

100201 Coil 205 may be configured to prodace a signal {L.e., 8 voltage) dependent on
a change in a vearby magnetie Beld, Cotl 205 may include a core 235 and wive 240, Core 233
may be disposed sbout central bore 225 within housing 200, Without himitations, corg 238
may be disposed within, inside of, avound, andfor on central bore 2235, In examples, core 233
may be disposed so that a central axix of core 235 aligns with a central axiy of housing 200,
Core 23§ may be any sultable size, height, andfor shape and mmy inclede any sutlable

material. In exavoaples, core 235 wmay inclode magnetic material and may be & solid,
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cylindrical struchure, Withowt hmitations, core 238 may be a closed~core, open-~core, or air-
core, As iHustrated, wire 240 may be disposed on core 235 and wrapped around cove 235 na
spiral, Wire 240 may be any suitable wiring capable of being electrically conductive. In
examples, wire 240 may he disposed i sy suitable number of turms around core 233, During
operations, as shock sensor 105 Is actuated, coil 203 may measure 3 change in a nearby
magnetic field produced by magnets 210A, 2108,

[00211 Magnets 2104, 210B may serve to produce a magnetic feld about housing
200, There may be at least two magnets 2104, 2108 within shock sensor 1050 In other
sxamples, there may be more than two magnets 210A, 2108, Magaets 210A, 2108 may be
disposed about ceptral bore 225 within housing 200, wherein coil 203 is disposed between
magnely 2H0A, 21, Withouot hmitations, magnets 2104, 2108 may be disposed within,
inside of, around, andfor on central bore 225, Each one ofwagnets 2104, 2108 may abut coil
205, In examples, magnets 2H0A, 210B may be disposed 30 that a central axis of magnets
2H0A, 2108 aligns with 8 central axis of housing 200, Magnets 2104, 2108 may be any
suitable size, height, andfor shape and may inclade gny suttable material capable (o produce a
magnetic field. Magnets 2104, 210B may be solid, evlindrical structures. There wuay be a
central bore traversing the length of each of magnets 2104, 210B. Conveyance 128 may be
disposed within the central bore of magaets 2104, 210B. In cortain examples, magnet 210A
miay have sinilar or different dimensions o magnet 2108, In regards {o the prosent exanmiple,
magnet 210A may have g first end 245 and a second end 250, and magnet 210B nmay have s
first end 2355 and a second end 260, Second end 230 of magnet 210A may have the same
polarity as first end 255 of magnet 2108,

[00227 As Hlustrated, spring 215 may be disposed aroond magnets 2104, 2108 and
central bore 223, In examnples, spring 215 may be disposed so that a central axis of spring 213
aligns with a central axis of housing 200, Spring 215 may be any suitable size, height, andior
shape and may include any suitable elastic material. Without limitations, spring 215 may bea
fension spring, compression spring. lorsion apring, constant spring, vavisble spring, or a
variable stiffness spring. In examples, spring 215 may be a compression spring. A fust end
265 of spring 215 may be secared to a first end 270 of bousing 200, First end 265 of spring
215 may be seoured to first end 270 of housing 200 through the use of any suitable
miechanisms, including, but nat Bmited o, the use of sultable fasteners, threading, adhesives,

wehding, andfor combinations therend, Without Hmitation, suitable fasteners nay include nuty
6
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and bolis, washers, screws, pins, sockets, rods and studs, hinges andior any combination
thereot. A second end 275 of spring 215 may be disposed against metallic membet 224,
wherein second end 275 of spring 215 constraing metallic member 220 against a second end
280 of housing 200 when in a relaxed state. Spring 215 may be dgid conugh to resist axial
movement of metaliic mamber 220,

F0023] Metallic membor 220 may serve to be 2 moveable element within shook sensor
1035, Metatlic member 220 may be any suitable size, height, andéor shape and may include
any suitable metal material that is magaetic, In examples, metallic member 220 may have s
sircular cross-section with an inner dismeter and an outer diameter to form a ring. The inne
digmeter of metatlic member 228 may be greater than magpets 2104, 2108 andfor coil 205
Metalic member 220 may be disposed within internal cavity 230 of bowssing 200, In
examples, wetallic menmber 220 may be disposed so that'a ceatral axis of metallic member
220 aligns with a central axis of housing 200, As metallic member 220 i achuated, wetallic
metber 220 may displace axially atong housing 200 and compress spring 218,

00247 During operations downhole, n operator may actuate 3 downhols perforating
system (not Hiustrated), wherein shock sensor 105 may be disposed uphole in relation to the
downhole perforating system. I examples, the operator may be defined as an individual,
group of individuals, or an orgamzation. As wellbore 160 (Lo, reforring 0 FIG D)
perforated, @ subsequent shock wave may be produced for cach perforation. As the shock
wave propagates uphole, the shock wave mav include snough energy 1o displace metallic
member 220 axially within housing 200, thereby compressing spring 215, As metallic
member 220 displaces, thers may be a change in the surrounding magnpetic field, Coil 205
may generate an electrical signal {Le. a vollage) that 35 corelated to the displacement of
metallic member 220, As coil 203 is coupled o conveyance 1235, the electrical signal wmay be
transmiited uphole for processing at information handling system 135 {Le., referring to FIG,
1 In alternate examples, the electrical signal may be processed downhole. After the shock
wave actuates shock sensor 103, spring 215 may expand to displace metallic member 220
back to an initial position against second end 280 of housing 200, The present example may
provide real-time feedback to an operator on whether or not perforation has occurred based
on the electrical signal from shock sensor 105

(00251 FliGs. 4-5 illustrate another sxample of shock sensor 105, FIG. 4 illostrates

shoek sensor 103 pricy to & porfiwgtion operation. FiG. 3 illustrates shook sensor 103 after

5
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perforation has occurted, Concerning the present examples, central bore 225 may be
contained or “closed-off” between first end 270 and second end 280 of housing 200, Further,
spring 215 and metallic member 220 may be disposed and operate within central bore 228,
First ond 203 of spring 215 may be secured tova first end 408 of contral bore 2235 and stcond
et 275 of spring 215 owy constrain metaliic momber 220 against a sccond end 405 of
central bore 223 when in a relixed position. In these examples, metatlic tember 220 may be
in the shape of a ball, cylinder, andéor combinations thereof. As iHlustrated, coil 205 may be
disposed between magnets 210A, 210B, however, coil 205 and magnets 2104, 2108 may be
disposed around an external swrface of central bore 225 within internal cavity 230. 1n these
examples, coil 205 and magaets 2{10A, 210B may be uylindrical with ag inner diameter and
an owder diameter, To prevent interference in operation of shock sensor 103, conveyance 125
may he disposed abouot an external surface of contral bore 225 between central bove 225 and
other compoenents of shock sensor 105, With respect {o the pressat examples, shock sensor
105 tnay function and operate similarly to provious examples,

[00261 FIG, 6 illustrates another example of shock sensar 105 prior to a perforation
aperation. In this padticular example, shoek sensor 103 may include a casing collar locator
{CCLY tool 600 and a sleeve 605, Casing collar locator tool 600 may be any sutlable CCL
known to those of ordinary skill in the art used for depth measurement of a cased wellbore
160 (e, referring to FIG. 1) As illustrated, slecve 605 may be disposed ground CCL tool
500, Sleeve 605 may be disposed around CCL tool 600 through the use of anv suitable
mechanissos, including, but not Bmited to, the use of suitable {asteners, threading, adhesives,
welding, andfor combinations thereot. Without himitation, suttable fasteners may include nul
and bolis, washers, serews, pins, sockets, rods and studs, hinges andior any combination
thereotf. Sleeve 805 may be any suitable sire, height, andfor shape. Without limitation, &
suttable shape mway include, but is not limited to, cross-sections! shapes that are circular,
clliptical, tiangudar, rectangular, square, hexagonal, andfor combinations thereofl In example,
sleave 6035 may bave a circular cross-section with an inner diameter and an puter diameter to
form a central bore that traverses the length of bousing sleeve 605, In example, CCL ool 600
may be disposed within the central bore of sleeve 603, Without lnuitation, sleeve 605 may
include any suitable material such as metals, nonmetals, polymers, ceramics, andfor any
gombination thereof, Sleeve 605 may include an internal chamber 610, whergin the intemal
chamber 610 may be dispesed botween the inner diameter and the outer diameter of sleeve

8
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60 I example, spring 215 and meladhic member 220 may be disposed within internal
chamber 610 First end 2635 of spring 215 may be seqwved to a firstend 615 of sleeve 605 and
secomnd end 275 of spring 215 may constrain metallie member 220 againgt a second end 820
af sloove 603 whon tn g relaxed position. In these examples, motallic menber 220 may bein
the shape of & ring. With respect to the present sxample, shock sensor 105 may function and
operate similarly to previous examples.

{00271 This method and system may include any of the varions featares of the
compositions, methods, and system disclosed herein, including one or more of the following
statements.

{O028] Statement 1. A shock sensor, comprising: a housing, wherein the housing 18
cylindreal, whereln the housing Ccomprises: a first eod a sccond end; 2 central bore that
fraverses a fength of the bousing: and an interoal cavity; a coll, wherein the coll 18 disposed
about the contral borgat least two magnels, whereln the at feadt two magnets are disposed
about the central bore; g spring, wherein the spring is a compression spring, whereiy the
spring s disposed within the housing, whereln the spring comprises a first end and a second
end; and a metaliic member, wharein the metallic member s disposed at the second end of
ihe spring.

[0029] Statement 3. The shook sensor of statement |, wherein the first end of the
spring is coupled to the first end of the housing, whercin the spring consteains the metallic
menber sgainst the second end of the housing.

[0030] Statement 3, The shock sensor of stwement | or 2, wherein the spring is
disposed around the at least two magnets and the coil,

[O031] Statement 4. The shock sensor of any one of the provious statements, wherein
the metallic member is a moveable element within the housing, wherein the metallic member
comprises an inner diameter and an outer digmeter that forms a ring, wherein the inner
diameter is greater than the at Jeast two magnets and the coill

{0032 Statement 3. The shock sensor of any one of the previous statements, wherein
the coil s disposed betwern the at feast two magnets, wherein ends of the coil abut ends of

the at least two magnets that bave the same polarity.
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(00337 Statement 6. The shock sensor of any one of the previous statements, wherein
the central bore is contained within the bousing, wherein the spring and the metallic yoember
arg disposed within the central bove.

[0034] Statement 7. The shack sensor of statement 6, wherein the first end of the
spring is coupled to & first end of the central bore, wherein the spring constrains the metallic
member sgainst g second end of the central bove.

{00357 Statement 8. The shock sensor of statement 6, wheremn the metallic member s

selected from a group consisting of a ball, eylinder, and combinations thereof.

b

[0036] Statement 9. The shock scosor of statement 6, wherein the at least two
magnets and the coil are disposed around an external surface of the central bore within the
miternal cavity.

{00371 Statemant 18 The shoek sensor of any ‘one of the previogs statements, farther
comprising a sleeve and a casing collar locator tool, wherein the sleeve Is disposed around the
casing collar ocator {ool, wherein the sleeve s hollow,

[0038] Statement 11, The shock sensor of statement 10, wherein the spring and the
metailic member ave disposed within the sleeve.

{00397 Statement 12, The shook sensor of statement 1, wherein the first ond of the
spring s coupled to a first end of the sleeve, wherein the spring constraing the wetallic
member against a second end of the sleeve.

JO040] Statement 13, A method of validating porforation in real-time, conypriging:
disposing g shock sensor downhole info g wellbore o a conveyance, wherein a downhole
perforating system is disposed on the convevancs; actuating the downhole perforating system
o perforate the wellbore; and measuring a change i a magnetic Beld with a shock sensor,
whergin the shock sensor comprises: & housing, wherein the housing 18 cylindrical, wherein
the housing comprises: a first end; & second end; a ventral bote that traverses a length of the
housing: and an internal cavity; a cotl, whersin the coil i3 disposed about the contral bove; at
feast two magnets, wherein the at least two magnets ave disposad about the centrad bowe; a
spring, whergin the spring is 8 compression spring, whereln the spring is disposed within the
housing, wherein the spring comprises a first end and 8 second end; and a wetallic member,

wherein the metaihic mewber s digposed at the second end of the spring.
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[0041] Satement 14, The method of statement 13, wherein actuating the downhole
perforating system comprises of producing a shock wave.

[0042] Statement 15 The method of statement 13 or 14, fwther comprising of
displacing the metallic member axially along the housing of the shock sensor,

{0043] Statement 16, The method of statement 15, further comprising of producing an
slectrical signal from the changs 1o the magpebie field as the wetallic membier displaces.

{00447 Statement 17, The method of statement 16, Turther comprising of transmithing
the clectrical signal uphole to be processed by gn information handling system,

00457 Statement 18, A downhole system configured to validate perforation in real-
time, comprising: a conveyance; a shock sensor, wherein the shock sensor iy disposed on the
conveyance in a wellbore, wherein the shock senmsor comprises: a housing, wherein the
housing is cylindrical, wherein the housing comprises: a fust end; 3 second end; a centeal
bore that traverses g length of the housing; and an internal cavity; a voil, wherein the voil i
disposed about the central bore; at least two magnets, wherein the at least two magnets are
disposed abowt the central bore; @ spring, wherery the spring 18 ¢ compression spring, wherein
the spring is disposed within the housing, wherein the spring conyprises a first end and a
second end;and a metallic member, whereln the metallic member s disposed at the second
and of the spring: a downhole perforating system, wherein the dowshole perforating svstem
iy disposed on the conveyance further downhole m relation to the shock senson and an
iformation handing system, wherein the information handling system s disposed at a
surface of the wellbore, wherein the informstion handling system is configured to validate
perforation in real-lime by processing an electrical signal produced by the shock sensor.

{00467 Statement 19, The dewnhole system of statement 18, whereln the first end of
the spring is coupled to the first end of the housing, wherein the spring constrains the metallic
memberagamst the second end of the housing, wherein the metailic member is contigured
compress the spring and displace axially along the housing iy response 1o interaction with a
shock wave.

{0047 Statement 2. The dowshole system of statement 19, wherein the coil
disposedd between the at least two magnets, wherein ends of the coll abut ends of the at feast
twir magnets that have the same polarity, wherein the coll measures a change in 8 magnetic

field as the metalic member displaces along the bousing and produces the electrical signal,
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[O048] The preceding description provides vanous examples of the systens and
methods of use disclosed herein which may Contain different method steps and alternative
combinagtions of components, It should be understood that, although individual examples may
be discussed herein, the present disclosure covers all combinations of the disclosed examples,
michuding, withoot howtgtion, the differest component combinations, soethod  step
combinations, and propertics of the system. 1t should be understood that the compositions and

X

methods arg desoribed in terns of “comprizing”™ “containing”™ or “meluding™  various
conposents or steps, the composittons and methods con also “congist essentially of" o
“eonsist of” the various components and steps. Moveover, the indefinite articles “a” or “an”
as used in the clatms, are defined herein 1o maan one or more than one of the clement that i
introduces.

{00497 For the sake of brevity, only corain ranges are explicitly disclosed herein
However, ranges from any lower limit may be combined with any upper Hmit o reclie a
range not explictty recited, as well as, ranges from any lower Tmit may be combined with
any other lower linnt to recite a range not exphicithy recited, in the same way, ranges front any
upper fnit may be combined with any other upper Hmit o vecite g vange not exphoitly
recited, Addittonally, whenever a numerical range with a fower Hmit and an upper Hiott s
disclosed, anpy number and any included range falling within the vange ate specifically
disclosed. Tn partivalar, every range of values {of the formy, “from aboot a to about b or,
equivalently, “from approximately a to b or, equivalently, “from approximately a-b™)
disclosed heroin I8 to be understond o sot forth every number and range cncompassed within
the broader range of values even i pot explicilly rectted. Thus, every point or individual
value may serve as iy own {ower or upper it combined with any other point or individual
value or any other lower or upper Himit, to recite o range not explicitly recited.

{00507 Therefore, thy pregent sxamples arg well adepted 1o attmin the ends and
advantages mentioned a8 well as those that are inberent therein, The particular exanples
disclosed ahove are iHlustrative only, and may be modified and practiced in different but
equivalent manners apparent to those skilled in the art having the benefit of the teachings
herein. Although individual examples are discussad, the disclosure covers all combinations of
all of the examples. Furthermore, vo Hmitations ave fntended 1o the details of construction or
dosign herein shown, other than as desonbed in the claimg below, Also, the torns in the
claims have their plain, ordinary meaning unless otherwise explicitly and clearly defined by

the patentee. It is therefore evident that the particular WHustrative examples disclosed above

-
i
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may be altered or modilied and all such variations are considered within the scope and spirit
of those examples, I there is any condliot in the usages of a word or term it this specifivation
and one or more patent(sy or other documents that may be incorporated hereln by reforence,

the defirutions that are consistent with this specification should be adopted.
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CLAIMS
What is claimed s
i A shoek sensor; comprising
a housing, wherain the housing v ovlindrival, wherein the housing compeises:
a fThest emd;
a second end;
a comtral bore that traverses g length of the housing; and
an internal cavity;
a coil, wherein the coil §s disposed about the ventral bore
at least twn magnets, wherein the st least two magnets ave disposed about the central
hore;
a spring, wherein the spring 18 a conpresston spring, wherein the spring is disposed
within the bousing, wherein the spring comprises a first end and a second end; and

g metatlic member, wherein the metallic member is disposed at the second ond of the

spring.
2 The shock sensor of ¢laim [, wherein the first end of the spring s coupled 1o the first

end of the housing, wherein the spring constrains the metallic member against the second end
af the housing,

3 The shock sensor of claim 1, wherein the spring is disposed around the at least two
magnets and the cotl,

4, The shack sensor of claiim 1, wherein the metallic member & a moveable element
within the bousing, wherein the metaliic member comprises an inner dlameter and an outer
diamweter that forms a ring, wherein the nner diameter is greater than the at Jeast bwo magnels
and the coil,

3, The shook sensor of claim 1, wherein the cot} is disposed between the at least two
magnets, whereiy ends of the coil abut ends of the at feast two magnets that have the same
polarty.

6. The shock seasor of claim 1, wherein the central bore is contained within the housing,
whergin the spring and the metsliic member are disposed within the central bore,

7. The shock sensor of clatm 6, wherein the firsst end of the spring i3 coupled to g first
end of the central bore, wherein the spring constraing the metallic member against a second

gnd of the-sentral bare,
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8. The shock sensor of clann &, wherein the metallic member s selected from 8 group
consisting of & ball, eyvlinder, snd combinations thereof,
Q, The shock sensor of claim 6, whetein the at least two magnets and the coil are
disposed around an exterual surface of the central bore within the internal cavity,
10,  The shock sensor of claim 1, further comprising a sleeve and a casing collar Jocator
ool, wherein the sleeve is disposed around the casing collar locator tool, wherein the sleeve
is hollow.
1. The shock sensor of clam 10, wherein the spring and the metallic member are
disposed within the sfeeve,
12, The shock sensor of claim 11, wherein the first end of the spring is coupled 1o first
end of the sleeve, wherein the spring constrains the metallic member against & second end of
the sleeve,
13, A moethod of validating perforstion in real-time, comprising:
disposing 8 shock sensor downhole inlo & wellbore on a conveyvanece, whereln a
dovenhole perforating systeny is disposed on the conveyance;
acteating the downhole perforating system 1o perforate the wellbore; and
measuring & change in a magnetic Hekd with a shock sensor, whergin the shoek sensor
comprises;
a housing, wherein the housing &8 oylindrical, wherein the housing comprises:
a first end;
a sccond end:
a central bore that traverses a length of the housing: and
an internal cavity;
a cotf, wherein the coil is disposed about the central bore;
at Teast two magnets, whereds the at Teast two magnety are disposed about the
central bave;
8 spring, wherein the spring s a compression spring, wherein the spring i
disposed within the housing, wherein the spring comprises a first end and a second end; and
a maetallic member, wherain the motallic member is disposed at the second end

of the spring.

£

4, The method of cladm 13, whereln actuating the downhole perfiwating system

7

comprizes of producing a shoek wave.

,.....
¥4
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150 The method of clatn 13, further compnising ot displacing the metallic menber axially
along the housing of the shack sensor,
16,  The method of claim 15, further comprising of producing an eleetrical signal from the
change in the magnetic field as the metallic member displaces.
17, The method of claim 16, frther comprising of fransmitbing the electrical signal
uphole o be processed by an information handling system.
&, A-downhole systersy contfigured to validate perforation in real-time, comprising:
8 COTNVEYAnce:
a shock sensor, wherein the shock sensor s disposed on the conveyance ina wellbore,
wherein the shock sensor comprises:
& housing, wherein the housing is cyhindrical, wherein the housing comprises:
a frst ends
a second endt
a-ventral bore that traverseys lenpth of the housing: and
an internal cavity;
a cotl, wheren the coll is disposed about the cential borg;
at feast two magnets, wherein the at feast twio magnets are disposed about the
central bore;
& spring, wherein the spring is 8 compresston spring, wherein the spring &8
disposed within the housing, wherein the spring comprises a frst end and a second end; and
a metallic. member, wheteln the metallic member is disposed at the second ond
of the spring;

& downhole porforating system, wherein the dowahole perforating system s disposed

on the convevance further downhole in relstion 1o the shock sensor; and
an information handling system, whergin the information handhing systenyis disposed

at 2 surface of the wellbore, wherein the mformation bandling systemn I8 configured o
validate perforation in veal-time by processing an elecirical sigaal produced by the shoek
SENSOT.

19, The downhole system of claim 18, wherein the first end of the spring is coupled (o the
first end of the housing, wherein the spring constrains the metallic member against the second
end of the housing, wherein the metallic member is configured to compress the spring and

displace axially along the housing in response to interaction with a shock wave,
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200 The dowphole system of claim 19, wheretn the coil s disposed between the af least
two magnets, wherein ends of the coil abut ends of the at least two magnets that have the
same polarity, wherein the coil measures a change it & magnetic field as the metaliic member

displaces along the housing and produces the sleatrical signal.

)
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