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BACKGROUND

20 Perforating systems used for completing an oil or gas well are well known in the
art. Well bores, which are drilled through earth formations for extracting hydrocarbons in
the form of cil and gas, are conventionally lined by inserting a steel casing or liner into the
well, and cementing at least a portion of the casing or liner in place to prevent migration of
high pressure fluids up the well bore outside the casing or liner. The subterranean

25  formation or formations having the potential to produce hydrocarbons are directly linked
with the interior of the casing or liner by making holes, referred to as perforations, through
the wall thereof, through surrounding cement and into the formation. Perforations are
conventionally made by detonating explosive shaped charges disposed inside the casing at
a location adjacent to the formation which is to produce the oil or gas. The shaped

30  charges are configured to direct the energy of an explosive detonation in a focused, narrow
pattern, called a *jet,” to create the holes in the casing.

Conventionally, well perforation systems include a firing head and a perforating

gun, both of which are suspended from, and lowered into, a well on a conveyance device

such as a tubular string which may comprise so-called “coiled tubing.” Well perforation
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30 fluid pressure within tubing bore 58 and isolated zone 42 are substantially equal, At the
time designated to fire the perforating gun 34, an actuating piston 50 within firing head 32,

is moved in response (o an increase in fTuid pressure in tubular string 22 initiated by the
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There is a need for methods and apparatuses to provide increased system
reliability and flexibility of operation of well perforating systems. Specifically, there is a
need for a time delay device used in a well perforating system to allow for adequate and
precise timing of operation of a well perforating system in order to pressure balance a well
20  for optimal perforation results. Such a time delay device would desirably exhibit a high

level of reliability at a low level of cost and complexity of fabrication.

DISCLOSURE OF THE INVENTION
An embodiment of the present invention comprises a timne delay apparatus

25  comprising an input assembly including an element positioned to be displaced to enable a
power source connection. The time delay apparatus further includes an clectronic time
delay circuit operably coupled to the input assembly and configured to provide a time
delay responsive to the enabled power source connection and initiate a fire command upon
completion of the time delay.

30 Another embodiment of the present invention includes a well perforation system
including a conveyance device, a perforating gun suspended from the conveyance device,

a firing head suspended from the conveyance and operably coupled to the perforating gun,
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time delay circuit includes an isolation element configused to electrically isolate a power
source from the electronic time delay circuit that is operably coupled to the input assembly
and configured to provide a time delay responsive to an enabled, non-isolated power
source connection and initiate a fire command upon completion of the ime delay.
30 Still, another embodiment of the present invention includes a method of disabling
an electronic time delay circuit. The method comprises providing an isolation element

connected between a power source and an electronic time delay circuit and isolating the
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FIG. 4 is a cross-sectional illustration of a firing pin subassembly in accordance
with an embodiment of the invention;
FIG. 5 is a block diagram of an electronic time delay circuit in accordance with an
15 embodiment of the invention;
FIG. 6 is a flow diagram of an electronic time delay assembly according to an
embodiment of the present invention;
FIGS. 7A-7F illustrate a water shut-off component according to an embodiment of
the invention; and
20 FIG. 8 is a block diagram of an electronic time delay circuit including a water

shut-off component in accordance with an embodiment of the invention.

MODE(S) FOR CARRYING OUT THE INVENTION
The present invention, in various embodiments, comprises apparatuses and
25  methods of operation for an electronic time delay assembly suitable for use within an
explosive or propellant system configured, by way of nonlimiting example, as a well
perforating system to address the reliability concerns, as well as the cost and complexity
issues associated with conventional time delay devices.
In the following description, circuits and functions may be shown in block
30  diagram form in order not to obscure the present invention in unnccessary detail.
Conversely, specific circuit implementations shown and described are examples only and

should not be construed as the only way to implement the present invention unless



25met hods of operation for an electronic tinme delay assenbly suitable
for use within an explosive or propellant system configured, by way
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by first drilling a well bore 108 within which is placed a well casing 104 which is
20 cemented in place as indicated at 106. The well 102 intersects a subsurface formation 120
from which it is desired to produce hydrocarbons such as oil and/or gas. The system 110
includes a conveyance device 136 coaxially inserted inside the casing 104. Conveyance
device 136 may be any suitable device, such as a wireline, slickline, tubing string, coiled
tubing, and the like. As depicted, conveyance device 136 comprises a tubular string and,
25 for brevity and ease of description, will be referred to herein as a tubing string. The tubing
string 136 extends from a drilling rig on the surface through casing 104 and components
of a well perforating system, such as packer 132, mechanical release 130, firing head 128,
and perforating gun 124, are disposed at the lower, or distal, end thereof.
The packer 132 provides a structure for sealing between the exterior of tubing
30 string 136 and a wall 112 of casing 104 which may also be referred to as a casing bore

wall or well bore wall 112. The resulting seal provides a well annulus 138 between the

tubing string 136 and well bore wall 112 above the packer 132 and an isolated zone 116 of
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126 according to an

30  embodiment of the present invention. As described and 1llustrated in detail below, the
electronic timed delay assembly 126 provides significantly improved functions in a well

perforating system including providing a reliable and increased time delay, increasing the



30enbodi nent of the present invention. As described and illustrated
in detail below, the electronic tinmed delay assenbly 126 provides

significa | gyed functions in a well perforating
i ncl udi ngngpyc?\%sﬁ%?dya reliable and increased tinme del ay?gf/ﬁ§%§]§?6ﬁb

the -8- duration of tine delay, and providing safety features
including circuit and expl osive booster ipitiator isolation. As
illustrated in FIG 3, electronic tine defay assenbly 126 nay i ncl ude
an i nput nodul e 206, an deI ectronic time delay circuit 212, and an

out put rodul e 498N eiiiseR dokaynind QYIS g salYy feuTes SiiudEsIcERNIRPILXPIPHY g

pi n subassenblyyeudMiiitiBoQitifh, nodul e 208 may be configured as an

expl osi ve booster subassenbly. Electronic time delay circuit 212 is
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by | aser wel di i hasetolih L

| ocati ons 202“3’%31E%8%%?§%Becu vrgff é&g@?%ggjﬁp%mggg 3{ ﬁfﬁ'gg%%tﬁ%}rt
housi ng 203 maywdhle 2t deay bé catfigekd wi 4 firinggsn hibessembles whilkanpul H:0dde 208 may
10each end of ,the

ubuyl ar_ housi ng 204. .The resilient retainer.s .
oot e moc hukt AR bEin SRR BeRE st bTS Eleb e it AR agnt o
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configured to "WPWP@’EB éd&égBHﬂPﬁrg?Fﬁ'g’tﬁ%@G{ lopggiops 303 gael 20 Sreaiely Font
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i nput nodul e 206 according to an enbodi nent of the present invention.
I nput noddPe 23 end el the sl hausiae 280 nifieirasdient pieingig 26P arosple meghasirahr
pi nassenbly. $0pon a0 feifa JOtRE! andSREARNY RURIAU: e ShORHELOGy 328
having a firing pin bore 324 therethrough, tiring pin bore 4

necki ng down rigcudt 24 daOuwnt modudy 28dwhick wil bendesaibed imrgreatdr d8@d belovl, minche
i ncreasing in_dj : L ; En. 9 .
302 may | nol U A e avidh 2BkAGliRSREIE Hiadte SpRRleb bR R
housi ng 328 opumiid (@i e a doubl e shear pin configuration
conprising.a first in 712 and econd shear pipn 710, each
ext endi ngqiS nto fi rfﬁ%ﬁg\ﬁ%gﬁﬁmpéﬁ%‘)ﬂl‘%ﬂﬁ %8 pgn %‘Bg‘)@}?’f’%ﬁ&@eﬂ%‘?ﬂ‘a
;i rst side gg&v&miaﬁ. HHUOMAdié gtg &Zaumﬁteamﬁpﬁ@diﬁhgpﬁ@m,garzug%%m
iring pin 1 an rtyres 4 int wal | o Qusi ng 328. By way
of exanpl e, ZS%SFFEBPV%B?-&“;%EW?S@O@Y C%%Yihé’%s'%%?&%a&&%ﬁp%@m
pin. Contact 8&e8rPinkredSughBiiring pin bore 324 necking down to a smaller intermediate

diameter bore at 330 and then increasing in diameter at contact assembly 305. Shear pin
20 assembly 302 may include a single shear pin 712 extending transversely across
housing 328 or may comprise a double shear pin configuration comprising a first shear
pin 712 and a second shear pin 710, each extending into firing pin 301. Shear pin
assembly 302 extends from a first side 320 to a second side 322 of input module 206
through firing pin 301 and apertures 334 in the wall of housing 328. By way of example,
25  shear pin assembly 302 may comprise a coiled spring pin. Contact assembly 305 may
include a ﬁrst contact assembly 308, a second contact assembly 310, and annular
contact 304 extending through both the first and second contact assembly 308, 310. Lead
wires 312 and 314 may protrude from one end of firing pin subassembly 206 and may be
operably coupled to electronic time delay cireuit 212 (see FIG. 3). Lead wire 312 is
30  connected to an annular contact 304 carried by first contact assembly 308, while lead

wire 314 is connected to an annular contact 304 carried by second contact assembly 310.



include a first contact assenbly 308, a second contact assenbly 310,
and annul ar contact 304 extending through both the first and second

contact assenbly 308, 310. Lead wires 312 and 314 may protrude from
one end ofWHZP?’%é’ 3;‘5?n subassenbly 206 and may be operabqq”é%%foé%f"”co
el ectronic tinme delay circuit 212 (see FIG 3). Lead wire 312 is

30connected to an annul ar contact 304 carried by first contact
assenbly 308, while lead wire 314 is conn cted to an annul ar contact
304 carried by secgnd contact assenbly - 9- Firing

301, which is di spbiieg Plnrﬁoﬁi‘f’hlﬁgls ﬂisﬁosﬁ%ﬁ\ef%@m ppag 3% h@l’i’dp"!&%ﬂlﬁéla‘ISL
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di splaced to the_ri as the is oriented), .or dowward
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fixed di stance down the firing pin Subasse y 206, stop

el e A Goerithck ety o RSBy 308 OB GNecae be Smagin30]
further into sa0tagh.aTIRTHl 530 oo RAR AR Bl 8 SOM A, A3l Yo

305, pin contac engages ectrlca cont ac S as
a switch S towbadeehichmppien emtermlecom&t mﬁtbh:aerirﬁaﬁmam@mmacu me

pover sour ce. ORINY PP nePisr b pebtias o8 bugageaby RO Bt

connection of elefteicadadiitnsy304@8d ackd Ratshch Btdcoﬂﬁccdeb@yer@wrmﬂm t&fhz will

ower , .and the desir sel.ected
Do e o as el et it iy et DTSk T Bstreshinand S58p Mssrion. paver

instead of a BbaidetU8 wilPbe RAMNRE td’l&Yeub% PRviydeg Upsaoafecayt 6 the@batRAMDE,
source. The t)é/]ge 90of power saource 408 enployed Is not si n|f| cant 1to

the practice BECHIRS PrededycirHyatwil r?c'wﬁfriﬂl’ #id piesingsasalsr
source may VapyoiM pdlvel BRir&ROBE hfay Gis6 BOASL IR REpaind- tﬁﬁﬁ:'o\v‘élasttéxggb it he

' nvention. instead of a battery, or power may be provided from an external power source. The Lype
20 of power source 408 employed is not significant to the practice of the present invention,
and an optimum type of power source may vary with the specific embodiment and
application of the invention.
* As described above, input module 206 acts as an electrical switch that requires an
external force or stimulus in order to be activated. This configuration provides for a
25  significant safety feature by isolating the battery 408 from the electronic time delay
circuit 212 (FIG. 5) until a satisfactory external force or stimuius is applied. Therefore,
any chance of premature detonation is substantially eliminated. The type and magnitude
of the required external force or stimutus may vary according to the embodiment and
application of the present invention, and is not [imited to applied pressure or impact force
30  asdiscussed above.
FIG. 5 illustrates a block diagram of electronic time delay circuit 212 according to

an embodiment of the present invention. As described below, circuit 212 comprises an



As descri bed above, input nodule 206 acts as an electrical switch
that requires an external force or stimulus in order to be activated.

This configuration provides for a 25significant safety feat

i sol ating %ﬁ@o%é{]t']?sé?y 408 fromthe electronic tine del aRFT(:Iﬁg@ﬁfO?%illz
(FIG 5) until a satisfactory external force or stinulus is applied.
Therefore, any chance of premature detongtoi on is substantially
elimnated. The type and magni tude of th&*fequired external force or
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500 and vol t ag: ditsbiOeblfabd Kdidabo@3 Jodolatysey 408. By way of exanple
only, battery 408 may supply a continuous current at an open circuit

vol t age ofObel ow t BisCtigicttane dofy dsvire I compses ap escllafar g0 moigh oFiltaes at a
volts (VDC). ' i; | W T 415€$).a10. .
osci |l I at or 40%&%6?2{?5%&%??%51?@%&%{1%”@3ke”gtﬁgaglgerrgqueniclj g)ﬁgnf[gr 402 and
oper abl y couptadlendeicecidliateerniigrvidde camva d@ied timaddry. K)2vand esoopit,end

device 417 ar onfi.qured,to nt a desi i e del B of
exanpl e, and ﬁ%t'? ISQr[]‘tlf'?‘{rln ’gﬁ{g&ﬁr 4@%@# £ %nr%éﬂgg nafwégiﬂf)ﬁpﬁlé@r‘aé%@%m
crystal oscil tiaficerdl? Gayndreprisdchy vy of d¥anipe/ord g rpiir SECDHYCOBn O
exanple only, a i,r . of CD4060B, hi nar ounger/di vi der . deyi ces 414,
e ot t ebby B BRIt aspr Rt B Ry EOU e St S (e
desired tine Depeayingan fHeighiRd GigldttRY, daiticRuifByddRe HBGH: Qed BHnbitiplee
count er devi ces mag be coupled together in series to achieve a |onger
del ay. For ex&pleadeviqes gy b¢ eiplediogather ip seres iuichigvs alogess delay Fog exanple,

singl e ei ght - ffipp Hitgﬁt-lﬁ{?luﬁttﬁ{e dgfay i SRR a t&lﬁgw ?i@ﬁsmﬁ&?cb@ﬁérﬂevii:é I(Ij]ﬁy be used.
ay 1S 1 r

thirty-mnute time de eSired, a y-m nute counter device

may be 20 useSimdarly.fika Giryeninkigriene defay & depirad; y thirhhuinstecouierdlevidemay be
s unavaihabl g IO Endflf B iR AP Bicod Iy B! ln S5
time of thirty mnutes may be coupled in series in an adder

confi gur at i oncaugtecdayives,iwith adeigi deby tidel ddyhinyFomues anmpbe campled,in eamies in an

B At A S R
t oget her to peoamduedividaedeties intag de tdupied withianed-Minute counter, or alternatively, two
fifteen-minute counters may be coupled together to produce the desired thirty-minute
25  delay. Altematively, a pair of counter devices may be coupled in series in a multiplier
configuration in order to achieve the desired time delay. For example only, if a
thirty-minute time delay is desired using a multiplier configuration, a first device would
count up to fifteen minutes and upon completion of the fifteen minutes, a second device
would increment to a value of one. Subsequently, the first device would again count up Lo
30 fifteen minutes, and upon completion, the second device would increment to a value of

two. Therefore, in a multiplier configuration example, with a 75 KHz oscillator, the first



95del ay. Alternatively, a pair of counter devices may be coupled in
series in a nultiplier configuration in order to achieve the desired

ti me del ay, le only, if athirty-mnute time
desired usY Rgzg'gll%q?ppl ier configuration, a first devi gpé% 03108%5%,[

up to fifteen m nutes and upon conpletlon of the fifteen m nutes,
second device would increnent to a val ue Qf one. Subsequently, the
first device would again count up to 30fifteen m nutes, and upon
conpl eti on, the second device would increment tg a val ue 0
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I nary counter Vi C 75000 [2"1. 4 = 4 577 Hz
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m nutes, a 36thirfeklth Gugs dutpand 4 tias wammbeecmdnayﬁemclde@umﬁe twelfeh
del ays betvveen sixty and ninety mnutes, a 25.6 20KHz quartz

oscill ator ma{f¥5&@U8kd. For tinme delay greater than 90 minutes, a
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égfasgb??()%egkﬂ% 8?%1&3’5?2%8‘%5%}(; aéFogﬂﬁlﬁQ%‘IQy”BJeﬁeﬂﬂé&’Sto R A%, dnifd ™
CD4060B binary counter/divider device may be employed. Thus, one may select the
quarte crystal oscillator depending on the desired time delay.

As opposed to conventional pyrotechnic time delays, the embodiment of the
invention may, for example only, provide time delays from a short duration such as eight
25  minutes up to a much longer duration of, for example, 2 number of hours. This capability

reduces cost and complexity and increases operational flexibility and reliability in
comparison to conventional pyrotechnic fuse-type time delay devices because only one
time delay unit and setting and only one detonation transfer event is required.
Additionally, because of the high level of accuracy of electrical components, the timing

30  accuracy and precision of an electronic time delay is improved over a conventional

pyrotechnic time delay fuse, which may suffer from unpredictable burning rates,



25m nutes up to a nuch longer duration of, for exanple, a nunber of
hours. This capability reduces cost and conplexity and increases
operational flexibility and reliability in conparison to_conventional
pyr ot echni‘é’ofzﬂgszo-7?:§?f‘)e time del ay devi ces because only oﬁfgﬂﬁzwﬂa@ﬁhy
unit and setting and only one detonation transfer event is required.
Addi tional ly, because of the high |evel glf accuracy of electrical
conponents, the timng 30accuracy and prec¢ision of an electronic tine
delay is inproved over a can tional pyrotechnic tj] del fuse
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subst anti al | y 4g2afd¥-wube, to comph® OQREEabRAK@IwiGIoltGdél tThédfrd, i st r at ed
in FIG 5 will now be described. After pin contact 306 wthin input

nodul e 206 engabedimprs: yoltagesaelfiplicatOtHay ermmisapyolpgequadiugler gonfispied {Qr v
408 i s coppec i kdntiah2 us starting the desired,

sel ected ??ne%ﬁgfagé&}{{@rﬁ%&%fggw&gg%%gpg{gt ed tinme delay is provided

usi ng oscill at or 40 éperagonplaistit 32 Wbgtiated irPBGe o oMl eew beddserébed 1 Afterpin
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del ay. Upon céaphetiSancahedidigo desicwd? 12shbesdareng the desirdd salygted time delay.
electronic ti [fge gees!rg&f selected time delay is provided using osciliator 402 in conjunction with a
25  counterdevice 417. As described above, the time delay may be programmed or
preselected by using one or more counter/divider devices to produce the desired time
delay. Upon completion of the desired, selected time delay, electronic time delay
device 500 issues a fire command at the gate of the high voltage generator transistor 416.
Subsequenily, the battery voltage at node 514 is input into transformer 420 and
30  wansformer 420 generates a first intermediate voltage at node 5106 that is substantiaily
higher than the battery voltage at node 514. Thereafter, the first intermediate voltage

at 516 is input into voltage multiplier 404 and voltage multiplier 404 generates a second



device 500 issues a lire command at the gate of the high voltage
generator transistor 416. Subsequently, the battery voltage at node
514 is input into transfornmer 420 and 30 transformer 420 generates a
first intelRdPYER ol tage at node 516 that is substantll’%'l%vowoaﬁé}
than the battery voltage at node 514. Thereafter, the first

internedi ate voltage at 516 is input into voltage mul tiplier 404 and
voltage nmultiplier 404 generates a secon -13- internedi ate vol tage
at node 518 that is substanti aIIY gher than that at the first
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circuit 212 which, in grn, vi des isolation and safety from
el ectrostati cs‘ma%sﬁﬁﬁlﬁ’gg §=3 d hd stray vol tage which could result in

prenat ure det onat i PfeccA0FprbHadsha TR R kXel SakE 6F the BRbQEGEbAfher 402
of circuit 212 may be configured to continte oscillating after the

ti me del ay? hawveaegéw@mﬂaf e%ltlﬁorvﬂﬁfragvéll¢@rca§§12 whichin fus.torayidss
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drai ned by the c argl ng argi ng osc tor. ona y, one
enbodi nent of resileiniprareate dﬁomWncémafur@;er safetyefsitare ohe 52 Mlatnp 402l ojreuit 212
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resi dual energy stered n fray be drain
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firing circuibfaéBveiiohinikylcb@pseopesi®dr Seh epdrablPitubRa between batta@me Bhd
to FIG 3, in one enbodjnent of the invention, output nodule

provi des the SREUhYREHYER brEreps: 4%.@#%?@@%@8%@#?%?%%9 gwbiﬁwmed

(see FIG 2). bidtvoRAU S BRAsIMRYiseP$MI | se an out put charge 250 and
a prinme charge 52. By way of 25 exanple only, booster subassenbly

208 may conprise 79bery eregrapdimenipf thefclonesihiime daley ¢irsaidl sRlgywn in
out put chaggergpQ %@ugrgﬂer@‘cuﬂ{]dctsﬁﬁg Iﬁl?u'dﬁil ai?li'derﬂzél ?Ia@\';x n%%%o]té:ﬁgrﬁnna

exanpl e, and not [imtation e @xp oSl v boost e senb
may be confi gcnrcetdarﬂmdnn thetsompatof n jinvemionni ti at e subsequent expl osi ve

or propellant trai ﬁetevel:%ttg F’Id: |3an oge er%b&lu%én?\gf I‘He %Eﬂgnogutﬁﬁ' m%HBQ%s”E”t

of a nmethod of oper at i o I"éctro
provides the detonation output to mmate the perforation gun 124 {see FIG. 2). Output

module 208 may comprise an output charge 250 and a prime charge 252. By way of
25  example only, booster subassembly 208 may comprise 730 milligrams (mg) of
hexanitrostilbene (HINS) output charge 250 and 200 mg of lead azide prime charge 252.
For example, and not limitation, the explosive booster subassembly 208 may be
configured, upon detonation, to initiate subsequent explosive or propellant train events.
FIG. 6 is a flow diagram of an embodiment of a method of operation of electronic
30  time delay assembly 126. After a well perforation system is lowered down into a well and
an oil or gas exfraction process is ready to begin, as described above, an external force is

applied to the input module 206 located within a firing head. The external force acting on



30time delay assenbly 126. After a well perforation systemis |owered
down into a well and an oil or gas extraction process is ready to

begi n, as %s&@@gﬂsabove, an external force is appli e?%‘?@%%@{‘%s%’a%n

nodul e 206""0Ca Within a firing head. The external

-14- the firing pin of the input nodul e 206 causes one or nore shear
pins to be sheared 604 which enables the f4i ring pin to displace
within input nodule 206 and to connect a'lbéttery to the electronic

time delay circyjt. The el.ectronic. tinme delay circuit is then powered
on and tho dediedistpe IR bk RGNS R0 B OB e afeat P GREPNAGD
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earth's surfaggiudslFexplddvelidodttkiBl GS. 7E-7F, respectively,
illustrate a top view and side view of a circuit isolation elenent

702 that may be i nRefepoeagaintafo2.after the well Fohsbean pressere balgnced dwingthe
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may be configure , up a conponent y water or
any ot her |i qfirghaf@uptssars wildCipity Rovaoysiofforanatian| 126 énté Isaigd gene"lih thrdygh
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180 degrees Cel sjus. Additionally, WASH conponent 702 ma o
configured to, upon contact of a component thereof by water or any other liquid (such as,
20  for example, drilling fluid or “mud”), electrically isolate circuitry operably coupled thereto
from a power source. For brevity and ease of description, circuit isolation element 702
will be referred to herein as a water shut-off (WASH) component 702. As shown in
FIG. 7A, WASH component 702 may include a WASH housing 703. For example only,
WASH housing 703 may comprise a plastic housing and may be rated to withstand
25  temperatures up to 180 degrees Celsius. Additionally, WASH component 702 may
include a conductive input 706 and a conductive output 708. As described below in
reference to FIG. 8, conductive input 706 may be operably coupled to battery 408 and
conductive output 708 may be operably coupled to time delay circuit 2127, WASH
component 702 may also include a pellet holder 704 configured to receive a pellet 710
30  (see FIGS. 7B-7D). Pellet 710 may, for example only, be attached to peliet holder 704 by

an epoxy rated to withstand temperatures up to 260 degrees Celsius. For example only,

pellet 710 may comprise a compressed, dehydrated ceflulose sponge material having a



i ncl ude a conductive input 706 and a conductive output 708. As
described below in reference to FIG 8, conductive input 706 may be
operably coupled to battery 408 and conductive output 708 nay be
operably cW@EIEP93d3tine delay circuit 2121 WASH conporRGIVUSZE2/0834¢1

al so include a pellet holder 704 configured to receive a pellet 710
30(see FIGS. 7B-7D). Pellet 710 may, for exanple only, be attached to
pel | et hol der 704 by an epoxy rated to wilfhstand tenperatures up to
260 degrees Cel sius. For exanple only, pellet 710 may conprise a
conpr essed, déhaydratietmikhntiol osda Hpinge innmtoapreatedisate begvean sub]sﬁnti ally 0.8-
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configurationpid.lrgstrated in 15 FIGS 7D and 7F. As shown in FIGS. 7D
and 7F, pellet 710 has expanded, resulting in broken wires 712'. As

a result, input 70@??%%@13%1&tP|aé13P1Finq11§f(ﬂleT@é{bFF@}ﬂgb}{?fimkpmoward
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el ectronic ti neetlzhagintlarlguw élecﬁbfhc tias dmy buculltrﬁladl@bvm 10¥G.€l, dedironititine
20 delay circuit 2127 comprises an electronic time delay device 500 coupled with a voltage
firing circuit 502. As such, the description above in reference (o FIG. 3 regarding the
configuration and operation of electronic time delay device 500, voltage firing circuit 502,
and initiator 418 apply to electronic time delay circuit 212" as well. In addition, electronic
time delay circuit 2127 comprises WASH component 702 operably coupled between
25  battery 408 and supply voltage terminal VDD. Battery 408 is selectively connectable to
WASH component 702 by way of an ¢lectrical switch S provided by electrical
contacts 304 in cooperation with pin contact 306 (see FIG. 4). When the pin contact 306
engages annular contact 304, battery 408 is connected to WASH component 702, thus
connecting electronic time delay device 500 and veltage firing circuit 502 to battery 408.
30 A contemplated operation of circuit 212 utilizing WASH component 702 wili

now be described. After pin contact 306 within input module 206 engages both electrical
contacts 304 (see FIG. 4), battery 408 is connected to the input 706 (see FIGS. 7TA-7D) of



time delay circuit 212" conprises WASH conponent 702 operably coupl ed
bet ween 25battery 408 and supply voltage termnal VDD. Battery 408 is
sel ectively connectable to WASH conponent 702 by way of an el ectrical
switch S pVO®OA3HY el ectrical contacts 304 in cooper RGTFP2HOFOH n
contact 306 (see FIG 4). Wien the pin contact 306 engages annul ar
contact 304, battery 408 is connected to WASH conponent 702, thus
connecting electronic time del ay device 980 and voltage firing
circuit 502 to battery 408. 30A contenpl ated operation of circuit
212" utilizi nd¥ARSEPropime 78Rt WioR) W2 dperably coeplelnpot 100 ¢aloutpt (768, vihiiah is,
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invention may be s$isciEplehbbéimbts KakibediSshown by way of example in the drawings and
have been described in detail herein; however, the invention may be susceptible to various
modifications and alternative forms. It should be understood that the invention is not
intended to be limited to the particular forms disclosed. Rather, the invention includes all
25  modifications, equivalents, and alternatives falling within the spirit and scope of the

invention as defined by the following appended claims.



nodi fications and alternative forns. It should be understood that the
i nvention is not intended to be limted to the particular forns

di scl osed. Rather, the invention includes all 25nodifications,
equi val ents, and alternatives falling within the spirit and scope of
the invention as defined by the follow ng appended clainms. -17- \Wat
Is clainmed is: 1. Atime delay appardt/us, conprising: an input
assenbly including an el enent configured to be displaced to enable a
power source connection; and an electronic tine delay circuit

i ncl udi ng an i sol atWhat & elggmeddonfigured to electrically isolate a

power source from th C lc ti del ay gi.rcuit upon contact of a
conponent t her eof gy%?ﬁ%a%%?mnﬁgefpﬁgs%m del ay gailrcuhi]é
operably coupl ed t antinpui apsem hginen afriegircatfigured dvi a
tine dte! ay feszHSitYdisi;Qa@e?dﬁﬁéﬁélﬂ@a @Wer%@h?é@]éogﬁgﬁﬁm;ﬁ%cget_ .
connection and initiaté a fire co nd. upon. c eti . [
delay. 2. The tif cicitignic fimedelay gircuitingluling an tsolatied ele-

i sol ation el enent comsmtsenfiguredriouelectrically isolape agidyer soptaed t o
the power source andfioontheeletrdbic teagidetaypBireudiCipds abniicgodla 2
conducti ve out put op&Y |0¥1ﬁ £9 4t € L P X gl

circuit and confi gure.dﬁlﬁ3 g&;ﬁr%ﬁg&@z ?% @E@&*éﬁ% @é%é’ndabl e
pel l et |ocated at Ie%g?uﬁé)tpﬁ Y coupled & the spwassembly andskan-and

the conductive out puigared toprovile & timedelayarspopsivedo anatabierd,a
liquid; and at 'eaStn&ﬂ@s&@(ﬁ%&W&?sM&é&%@&i%%&Mﬁt@ﬁt en the

conductive input an 0 | nut d agent to an

ext endi ng across thgcoég'ﬁﬁqﬁjég ﬁﬁéﬁf@%ﬁlﬂ %;fa{hpnﬁn:{q a.éfel ay appar at us
of claim2, wherei% The tisxedalgbipparatusof ctaim 1 swthencinctherissked
sponge. 4. Thdidn ekerdehtwo egt us of claim3, wherein the

P meters o aiRandpftRtERSlr CrerBblY (BRPIE i e Sowghsase ne
expandabl e pel | et i @04 eonfigwesde reoate masleciricnl signedis in the range
of substantially Q-c‘% Cﬁ;’%ﬁ%ﬂmﬁéﬂg%}’Cg‘gfel,e\;m%thb%&ﬂlﬁ&ﬁﬂ@ar at us

of claim?2, whereln e n e e conpri,Ses an
al um num wi re havi ngel RTEHY r‘a&ﬁi‘éﬁlﬁi@f@ﬁm outpu\’ltmtﬂe efectficar
nal;
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an expandable pellet located at least partially between the

conductive input and the conductive output and config-
ured to expand upon contacting a liquid; and

at least one conductive wire operably coupled between the

conductive input and the conductive output and adjacent
to and extending across the expandable pellet.

3. The time delay apparatus of claim 2, wherein the
expandable pellet comprises a compressed sponge.

4. The time delay apparatus of claim 3, wherein the
expandable pellet has a diameter of substantially 5 (five)
millimeters.

5. The time delay apparatus of claim 3, wherein the
expandable pellet in a compressed state has'a thickness in the
range of substantially 0.8 to 1.0 millimeter.

6. The time delay apparatus of claim 2, wherein the at least
one conductive wire comprises an aluminum wire having a
37-micron diameter.




- 18- 7. The tinme delay apparatus of claim2, further conprising a
housi ng at |east partially surrounding the isolation el enent. 8.
The tinme delay apparatus of claim7, wherein the housing conprises a
plastic material rated to withstand tenperatures up to 180 degrees

Cel si us. 9. The tine delay apparatus of claim2, wherein the
expandabl e pellet is configured to comB¥ nto contact with and break
the at | east one conductive wire as a result of expansion. 10. The

ti del ar at f claim,l, wherein the .electronic tine del ay
Cirouit comprises. 4 JSHIEARIEYy aPPRLANT ORI Jolughe! COMPPEIE o a

| east one count e hgaising at leasipartiplly sumeunding thenselatioserinattai rn]c
10, wherein the qusrme@fméaélam'dréﬁfsy Q&R %%réfnﬂh]%%hs of a
75 KHz t |.0scl | r 3 uar.t.z crystal osci[Fator,
and a 26.5 KZHZC;ééh%p%%ﬁpk%*ﬁé%@?qrﬁ&med90 a3 fipefizes
appar atus of cl alihte, 18fhdegraestGelsiisect ronic time delay circuit

colrr![:)ri sez ab?/ol t age, fTheé émel H@MM%@SS@{ ?éla%%ﬁi% ﬁlﬁﬁlﬁiﬁagée .

vol t age doubl er X

vol tage pr ovi deﬁ%‘%ﬁa\&gv\% %?@6%9 . %g_tgg%eﬁ'nt&eqqlﬁ;@g{]\v ,aé%?istem
conprising: ac heat t gae candurtive ¢irags gueswiopexprrsiohom t he

conveyance devi ce;1@, The tirge dedsy; spsnendedfl 1AM 1 Mhepsivataiscdevi ce
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power source connekl.i'the tinte dels} eppueatus ¢f ctaitte!ld, whegsihtthe

i ncluding an is u’ﬁ'zoeggtsﬂseéﬂra%fb@ﬂ@%@%ﬁ%ﬁ@@ﬁ%ﬁ@%e the
KEr

ower source fromthe cirond.c tine ircu upoen c of a
(F:)orrponent t her e#Y4512 §5Y ﬁe[ Lpac,:llfaﬁgr,@% _ ﬂu?ﬁﬁé:réféf%ifsem‘g@ﬁt

oper ably coupl ed@nda 295 ikiaiquarteanisfalaostillatdm gured to provi de a
tinme delay respondiyh@tiaie €8 arﬁﬁfkéﬁ&hﬁ&ﬁi WRERSnRY e
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the isolation ef® N8 RiphGast One, of gh yedtageedonplar anerapnoltagsupl ed
to the power soguadraplercomifigmweddid increase e veltagbestovided tsi gnal ; a
conductive out p?bvgggegoa}ﬁ{;& coupled to the electronic tine delay

cireutt and configur o el BerRIAHCH sysfem, comprising:
a conveyance device;
a perforating gun suspended from the conveyance device;
a firing head suspended from the conveyance device and
operably coupled to the perforating gun;
a power source; and
a time delay apparatus within the firing head, comprising:
an input assembly including an element configured to be
displaced to enable a power source connection; and
an electronic time delay circuit including an isolation
element configured to electrically isolate the power
source from the electronic time delay circuit upon
contact of a component thereof by a liquid, the elec-
tronic time delay circuit operably coupled to the input
assembly and configured to provide a time delay
responsive to an enabled, non-isolated power source
connection and initiate a fire command upon comple-
tion of the time delay.



an expandabl e pellet |ocated at |east partially between the

conductive input and the conductive output and configured to expand
upon contacting a liquid; and at | east one conductive w re operably
coupl ed between the conductive input and the conductive out put and

adj acent to and extendi ng across the expandabl e pellet. 15. The
wel | perforation systemof claim 14, whérein the expandabl e pel | et
conpri ses a conpressed sponge. 16. The well perforation system of

claim 15, wherein the expandable pellet has a dianeter of
substantially 5 (fildejlhe Eil]*rpeﬁbsatlon systemhefwdhimd3, fwheteintheyst em

of claim15, whejgilatibhelenitpidaphsipg:l et has a thickness in a
conpressed state | 840 1.0 mllineter.

n the eofsbst tlaII
18 “The wel perfoﬁa%?f&ﬂ?@v&m%f oneraply auplackiofhe PRISRSOUESE: one
conductive wire conpRRéd&wnfigu edrtnrraaemerml electrigalssignalii cr on

Conpri 51 g alﬁoulf‘ﬁgﬁﬁﬁhcgiétm QoAb @‘%’%ﬁébﬁ%ﬁé’“&sﬂﬁ@
element.  20. The \ASS\[ p%lrr?glrtfﬂaioﬁlp Bouipy %3,111@ ectm%qleqlg-t he

expandabl e pellet is nflgur ed to cone into contact with and br eak

the at |east one cgdy %gsbqyaﬁale%goea ﬁséﬂlbaél{]%é‘l’f@@ﬁbéﬁve enfhb The
| f
del aypifrﬁﬁ'?gnﬁ?f%& it AP o ‘H"ﬁ%‘r‘ RISl oo

to at |east one couri mxp@dupgzcom@ctma ;ﬁ@llﬂ@ﬂadl on system of

che of -2 75 Kit Sua‘at?t%mﬁ gfé‘)‘?d‘* VAT é@“’% d betwn RS
oscillator, and a o ‘}(ffdgpilia (fl g{)ng@mﬁ; &%%}Séé’% .The
wel | perfor ation sysftl’e&ﬁ Extanging agrosgribiess pellebnic tine

del ayf cir cu: E conpfs SEBe valPpegfifalibhi S8t litTaiin T4 Uﬁﬂh@ﬂeldﬁt tth!eeast
one of a voltage, | ured to
i ncrease a vol tad&) 8‘@ d@gﬁgﬁcéﬁlﬁ)ﬁ%s aggﬁﬁ@rgﬁs‘aé'dzé}ﬂﬂ;geg t hod  of

di sabling an el ectk rﬁhewelép@éfoag’u@nrsor@tam cloplpims] Hgwheresn Weng an
i sol ation el errerﬁx nlabd:é qrblletthwen diaposter of substeatially Shifive)

el ectronic ti rre CUI t; and I sol ating the power source from
the electronic tlne rcu r.esponsi ve ent, of the
i sol ation el e- mert/-c 61' rﬂflq% system Cﬁthlaﬂﬁ'ef%W BB L0 ai m

24, wherein i soleaapandablmpeﬁﬂﬂnasswt}ncknésm a bemrgiressadmstate mithe del ay
Circuit conpri S?ﬁnﬁé%@b@%ﬂﬂ‘ﬂlﬁ()@ﬁf‘?rﬁ miPlibegak at | east one wire.

18. The well perforation system of claim 14, wherein the at
least one conductive wire comprises an aluminum wire hav-
ing a 37-micron diameter.

19. The well perforation system of claim 14, further com-
prising a housing at least partially surrounding the isolation
element.

20. The well perforation system of claim 14, wherein the
expandable pellet is configured to come into contact with and
break the at least one conductive wire as a result of expansion.

21. The well perforation system of claim 13, wherein the
electronic time delay circuit comprises a quartz crystal oscil-
lator operably coupled to at least one counter device.

22. The well perforation system of claim 21, wherein the
quartz crystal oscillator comprises at least one of a 75 KHz
quartz crystal oscillator, a 36 KHz quartz crystal oscillator,
and a 26.5 KHz quartz crystal oscillator.
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23. The well perforation system of claim 13, wherein the
electronic time delay circuit comprises a voltage firing circuit
including at least one of a voltage doubler and a voltage
quadrupler configured to increase a voltage provided by a
power source.
24. A method of disabling an electronic time delay circuit,
comprising:
providing an isolation element connected between a power
source and the electronic time delay circuit; and

isolating the power source from the electronic time delay
circuit responsive to a component of the isolation ele-
ment contacting a liquid.

25. The method of claim 24, wherein isolating the power
source from the electronic time delay ¢ircuit comprises
expanding the component to break at least one wire.



