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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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Vent 56 allows for a direct link between the isolated zone 42 and tubing bore 38 to ensure
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 to an increase in fluid pressure in tubular string 22 initiated by the
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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 electronic 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 configured 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 time 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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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 unnecessary 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



MODE(S) FOR CARRYI NG OQUT THE | NVENTI ON The present
i nvention, in various enbodi nents, conprises

wappanasuses and 25 nmet hods of operation for BET/US2007/082641

10

15

20

25

30

el ectronic time delay assenbly suitable for use within

an explosive or propellant system configured, by way

of nonlimting exanple, as a we$l perforating system

to address the reliability concerns, as well as the
CO§fecifind O&QWE@P&%&M AlRHESABROC UG GThn ﬁ(P artitioning of logic

conventional tinme delay devi'ces. In the £6 Pomnng

deé@iwm Yaoious eloeksus e mpliaty blmsgecidicsmpyneb@tish owwvill be readily

0 d ia m f or ord not to obscure the
o 80850, Sk APD AT b8 B, PR e SRR iirvmin e praciced by
S pedhdrbgs (ﬁhd’rcﬁaﬁmohﬂ@ lsgiBssatFoPhe nfROpN, @&Qlfsd&‘)%%rh@g%mmg
are exanples only and should not be construed as

onfpsigaiations anaphddiiedave renpmikehyhdrp sushide@is aminesrecBary o
ﬁg(?{gérﬁ Q:%g‘ng ongﬁ%&m}% lQ)ig &E%} r}?tﬁr?\fen%% Qndoat g \%EthSfﬁe abilities of
papdrsdni oﬁomlg]aqf skhibg;l the rebetive@n vari ous bI oc ks is

exerrpla]r of a specific inplementation. It wll be
readi |y tBiS §55CEREOY GO%ﬁéfa&?ngém&Wﬁgv%Vﬂ?kSﬂW siap a giglegignal for

t h@l!mt&*@)@ REGRLIMh ah@MQRE AR, Wﬂlbfe d?lﬁ@x%tto 9 %eron of ordinary skill
numer dus ' ot her partitioni ng sol utions.

pamﬁhed@ﬁ@i%SS@@ﬁémnﬂtmg&mtmbmgﬁSQndaSWM%maﬂwdmsnmgdmma
re su tails. are not

h
noauieblsF P B R P R R v & yfgimber o dta

prﬁgemhnmnmaghmmgmami mlwithin the abilities of
persons_of ordinary skill in the relevant art. In this
descri ptMdsperibingranbadangntodf thapresent ingentionethe kgteassind sleaents

Si 19%@01%&%%%?&9&%{? L)fgﬁewH el onpart.g(ge%gxtll%tdl g ?acﬂ tge ap enhanced

descripti derdt oo person
or whdasstapdimigiof the fl@:tion of the dasrchbématlbddhﬁem gihas invention as it may be
Bﬁ)sent q%s of si nals wherein the bus may have a

HEn (Hesk 1 gﬁ&ni’lﬂ@mﬁ?[ésent i nvention may be
| Wp' eﬁeﬂtﬁdx%tzﬁﬁy alSHRRA B of @t & pISi @33 rﬁcﬁ&lt??s‘t{%ﬂc&nﬁgured

single data signal. |In describing errbodl
prasgertll pantpenion system A0 élymserﬁrmthmch wtleHEn{The well 102 is constructed

e RO BRI TF Wi bR AT NP g i

of cetreaitett implateons 1@(itcctt$tEatd66 CThdeell embiachFeR bSuburth@ESormation 120
invention as it my npl emented within these

Ssy$tR ichtis dediee §rodmec§yd@canbpﬂ:%waﬂ%@l e/ esrgge dTliresystem 110
of m@iﬁd&’%@oﬁ%y‘éﬁce"&evf&é %’@&gzﬁﬂ% s§1tt§§]n§18?{1he %H&ﬁﬁ%ﬂsqzia%o%veymce

wel | perforation system 110 spose
10&vicgH a6 waly Ibe 20Psuigble dawte, lsmtheed a vioyelihe rsiitklghe] dubinggtriang, coiled
ced wel |  casing, 104

Wi REES 5 et P uolnGudei i da BP0t Heng and
wetbt bk G2y drdllcQEeSE e Scriptis RaHbE %f@ffréd)cb W8t PR ok@8ng 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,
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The packer 132 provides a structure for sealing between the exterior of tubing
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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delay fuses. By way of example only, electronic time delay assembly 126 may provide a
selected time delay duration of up to, for example, at least ten hours.
FIG. 3 illustrates an electronic time delay assembly 126 according to an
30  embodiment of the present invention. As described and illustrated 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



described in detail below, electronic tinme delay
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to an enbodi nent of "'t he present
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 circuit 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.



i nvention. Input nodule 206, as illustrated, conprises
firing pin 301, a shear pin assenbly 302, and a

waeonsans4nssenbly 305 carried by housi ng 328 hewi/ng20a7/082641
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firing pin bore 324 therethrough, firing pin bore 324
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at 330 and then increasing in dyanmeter at contact
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of the required external force or stimulus may vary according to the embodiment and
application of the present invention, and is not limited to applied pressure or impact force
as discussed 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



15 electronic tine delay circuit 212 (see FIG 5). For

brevity and ease of description, power source 408
wowdos/os4y eferred to herein as a battery 408. RPDIOS2007/082641
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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 to

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



counter device 417 are configured to count a desired
time delay. By way of exanple, and not limtation,

wo@soslreidr 402 may conprise a 75 KHz crystal PCT/US2007/082641
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oscillator. Counter device 417 may conprise, by way of
exanple only, a pair of CD4060B binary 15

counter/divider devices 414, 41p, offered by Texas
Instrunents of Dallas, Texas. Depending on the
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time delay unit and setting and only one detoncmon transfer event is required.
Additionally, because of the high level of accuracy of electrical components, the timing
accuracy and precision of an electronic time delay is improved over a conventional

pyrotechnic time delay fuse, which may suffer from unpredictable burning rates,
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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.
Subsequently, the battery voltage at node 514 is input into transformer 420 and

30 transformer 420 generates a first intermediate voltage at node 516 that is substantially
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



for a firing pulse fromthe AC input (1300V maxi mum

wth a 33V battery). Voltage nultiplier 404 is
wo@p@sanizys coupl ed to firing capacitors 504, whPChUSs2007/082641

t hen operably 10 coupled to the input side of the

trigger 406. Firing capacitors 504 conprise, for

exanple, three 0.1 pF capacitgogs in parallel charged

through a 22 Mohns resistor and configured to provide
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presel ect one or
15 cowiit %&rdmﬁhmi h&eﬂ‘he dearping and de-pliangiug escﬁltword eﬁﬁdﬂﬁ)@ialty, oBe embodiment

del on conpletion of th esir cted tine
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nowezramd violagenp®i® threigh resistors¥28r mer 420 and 30
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at node

20 baFtesyvatt ager atcundelegh lcluding Elelafdc&ﬁdy dehﬁe fcuhd $toltage firing
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418 ?ﬁ}ou ﬁ the trigger 206 Bp {i? exawgle on ﬁg
mg o

t r Peygeifrog @W@Nﬁéq@pg charge 250 and 2 f lead azide primé 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 extraction 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



5 breakdown vol tage of 600V. Therefore, as the voltage
in firing capacitors 504 reaches 600V, trigger 406
whemakw3down and the voltage is applied acr ossPCT/USHOT/082641
406 and at initiator 418, which then initiates an
expl osi ve booster contained in booster subassenbly
208 (see FIG 3). Trigger 406 .pg.ovides a significant
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20 asmrebnypld 26ilindf fhed oe mvel”), cpeficallpisolan caysitre @pirably coupled thereto
| owered down into a well and an oi| or gas extraction

pr eBgaNsT bty Fop bIsuigY tnd case felessripben Y olaipn element 702
e X%vﬁ[ !5%#3’\{5&1%& ?@héré‘x a?ﬁ) Wa{eﬁ %a% %fffl(h eASﬁPé&nr}fBng#{l’/@Z 2Q6 shown in

| oca Inar tTiring exter orce
aCFIG’l g AoRV NEH Z%ﬁé@ﬁ@%ﬂ%ﬁkM&Q@&l%% 26using 70B4 Hohexample only,

g}a{@% Bhgsnfg];'/ Egzglhcg)g}pgae %Bt‘lgstzc h%%gng gxlil(? may 89[] %te%rto r\Ef?tli‘ngtand

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 212°. 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 pellet holder 704 by
an epoxy rated to withstand temperatures up to 260 degrees Celsius. For example only,

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



whi ch enables the firing pin to displace within input
nodul e 206 and to connect a battery to the electronic

wo povs/odBkay circuit. The el ectronic tinme del ayPCi/Usu01/082641
is then powered on and the desired tinme delay 604 is
started. After the oscillator, in conjunction with the
5 counter device, counts the tiijpe delay 606, a fire
command is issued to the gate of a high voltage
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WASH conponent 702 may include a conductive input 706
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deh 0se sponge na eri ar havi
engages annular contact 304, battery 408 is connected to WASH component 702, thus

connecting electronic time delay device 500 and voltage firing circuit 502 to battery 408.
30 A contemplated operation of circuit 2127 utilizing WASH component 702 will
now be described. After pin contact 306 within input module 206 engages both electrical

contacts 304 (sce FIG. 4), battery 408 is connected to the input 706 (see FIGS. 7TA-7D) of
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mllimeters and a thickness in a conpressed state
whedspes4substantially 0.8- 1.0 mllinmeters. PCT/US2007/082641

Furthernore, the sponge material of pellet 710 may be
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comng into contact with water.jgr any other |iquid.
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30 A contenpl ated operation of circuit 212" utilizing
WASH conponent 702 will now be described. After pin
w@esan34806 Wi thin i nput nodul e 206 engages betTUS2007/082641
el ectrical contacts 304 (see FIG 4), battery 408 is
connected to the input 706 (see FIGS. 7A-7D) of WO
2008/ 070343 PCT/ US2007/ 082641 1316 WASH conponent 702.
Wre(s) 702 operably couple input 706 to output 708,
which is, in turn, operably-~gqQupked to supply voltage
term nal VDD. Therefore upon engagenent of pin
contact 306 and annul ar contact 304 battery is
cqu,?\ect ed. to .electronic time delay device 500 and
Vo) ﬁtdedlain?‘?ddﬁj circuit 502, thus starting the desired,
selected tinme delay. 5 Upon contact by water or any
other liquid with pellet 710, pellet 710 may expand
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of the invention as defined by the foll ow ng appended
¢l ai ns.conductive output and adjacent to and extending across the peliet.

4. The time delay apparatus of claim 1, further comprising an output
assembly including an explosive booster and configured to provide a detonation output

30 responsive to the fire command.
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clained is: 5 1. Atinme delay apparatus, conprising:
w@eosnpstd assenbl y i ncl udi ng an el enment conf i geeBUS1007/082641

be displaced to enable a power source connection; and

an electronic tine delay circuit operably coupled to

the i nput assenbly and configuigd to provide a tine

del ay responsive to an enabl ed power source connection

and 10 4 ni tiplid (ﬁéléﬁpﬁ%ﬁfﬁ@%ﬁc%@@ﬂ fﬁﬁﬁ@?'c@&bﬁﬂngﬁ R&\bé‘r source

tine delay. 2. The ti'me del ay apparatus of claim

whenpled td the irgpluegsseroplyc tine delay circuit further

conprises an isolation elenment configured to

el ectrically isolate a power source fromthe

el ectrofi ¢ UTHERIMEHAY PphuGiils bf LIRRNS 0o theQhpA assembly

conponent thereof by a 15 liquid. 3. The tinme del ay
5 apfearraiseist emtast gremily comEnaidio engage S5 e ugrghgmacement thereof

COMRIch 8IS ineBoFRNMIRLIfind-At oPerabl v coupl ed to the

power source and configured to receive an 20

el ectrical signal; a conductive output operably

coupled to the electronic ti del ay cir.c

it and
cont i gui-ed B K Y EriiGE e Ly g e e1gpent configured to be
expanaaBLEmpalck 8irhQ ot 8rli Ak iﬂp%@g?s%erﬁ@"y%b@sﬁﬁé’in@lg&%%Wiring pin

t he conduct?ve i npul "and conductive output” an o ]
10 cobrré theredmrece vieg peenitringyon aod mbatt thg figng pguneudes pdorpsiudinal axis
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adj acent to and extending across the pellet. 4. The

time del ay apparatus of claim1, further conprising an

out put 8-assehls §me AdRYPAEUEP! el dstuibensopPriging ghigast one shear

COR,| |od 008 1s QR A RNE verRB, through the firing pi

oA S B Rt AR ARG B ) s e s i,
15 PGIhtdS20By 4108264k shéar pirhie dchtee ankdt@yigapp ar bt sheamfl by displacement

claim

.. further conprisin ower. source coupled to
t hef i é{}f‘g BEJBWEISYe ‘Q.theT‘fPé’g?‘?ﬁ&e%glfQW‘appar atus of
claimb5, wherein the input assenbly

9. The time delay apparatus of claim 1, wherein the electronic time delay

circuit comprises an oscillator operably coupled to at least one counter device.

10. The time delay apparatus of claim 3, wherein the electronic time delay
circuit is configured to bleed residual energy from the power source to a ground voltage

after the time delay is completed.

25 11.  The time delay apparatus of claim 5, wherein the electronic time delay
circuit comprises a voltage firing circuit configured to increase a voltage provided by the
power source.

12

o

The time delay apparatus of claim 11, wherein the voltage firing circuit

30 comprises a trigger configured to isolate the voltage firing circuit from an initiator.



5 conprises a contact assenbly configured to engage

the el ement upon di spl acenent thereof and enable the
WEoMBN7Bakr ce connection. 7. The tinme del ay apper/as2087/082641

of claim1l, wherein the el enent configured to be

di spl aced conprises a firing pin, and the input

assenbly housing including a figing pin 10 bore

therein receiving the firing pin, and wherein the
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apparatus .of claim?7, further conprjsing at |east one
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substantially transversely through the firing pin, 15

wherein the at | east one shear pin is located and
5 confi guided ttheenesdrdaragatsips @f slpimadddgrein Bk voliege firing circuit

firing pin,res [, to. .t i l, for
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el e tncmaidd Volthg tetieayigeedi rcuit conprises an oscillator

operably coupled to at | east one counter device. 20

10. The tinme delay apparatus of claim5, wherein the
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ti del ay. apparatus of .cl.aim5b, wherein the .
ol BB TG ool g red e hothrGebobel gppy giseint of the
fiintleske8ivbRAbet configured to increase a voltage
provi ded by the power source. 12. The tinme del ay
apparatus of claim 11, wherein the voltage firing
circuit,. 30 ' ' f ed to lsola
the vol tge TG IRy BebEEREER LR Ao pile Tt delay
15 206840 7084 RO IH2R0Ft OB B ibulad Roukdig. The tinme del ay
apparatus of claim 12, wherein the trigger is further
configured to convey the voltage increased by the
vol tage|firi Reinfd defldl dophifruab R8nipRkihEat or -~ when the
vol t age exceeds a predeternined thrfeshold firing
volrt inget. as@nibly inThidingianeledwhagonfippad &t besdisrlacefl & enablz a power
wherein the voltage firing circuit conprises at |east
one cap%@FF§ngﬁg%5@P§ coupl ed to the trigger and
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trigger. 15. The tine del ay apparatus of claim 12,
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z,lssembiy and configured to provide a time delay responsive to an enabled, non-
isolated power source connection and initiate a fire command upon completion of

25 the time delay.



wherein the initiator is configured to initiate the
expl osi ve booster upon receipt of the increased

woelsayss3 16. The tine del ay apparatus of cl ai POHDS2007/082641

10

15

20

25

30

wherein the electronic time delay 15 circuit is

di sposed within a substantially tubular housing. 17. A
time del ay apparatus, conprisiH®g: an i nput assenbly

i ncluding an el enent configured to be displaced to
enabl e 1§ POVBE (inRQUMGQpFARNEEHE dIAR: | RRBerth BB isolation element
electronic tine delay circuit including an isolation
elcempnsesconfi gured to electrically isolate a power

L e L T
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and configured to provide a tine detaémfesponsive to
ark condsTtig OutRBrAPeTaob) QuBlgd ullle FlegERic e dRRR BT fuiind fanTigured to

initiat Ny .upon conpletion of 25 the
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The exparelable lpaljet dpped at lesst phrticlhabatwden, thevbendettivetiput and conductive

i sol ation el efren C ri ses: a conductive.inpuyt
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operably coupled to the electronic tine delay circuit

and confonguntiod ottput amdtagiacent Freang| catepding 4¢1osy thdaglict.an
expandabl e pellet located at |east partially between

the conductive input and conductive output and

confi gured tTheaxpaddatgaracent aain 0 vehekdinthedxpanddblapellet

| east one conductive w re operably coupled between the
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adj acent to and extending across the pellet. 19. The

time del ay apparatus of claim 18, wherein the

expandati.e pEid tehe ddomppisies of cloonp8.desika coppniyeg a hgasing at least
20. The tine(ﬁel§¥.aE§aragus Pf claim18, further
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the isolation elenent. 21. The tine delay apparatus of
clai m 18, wherein the expandable pellet is configured,

to come2i.nt oTewwnedelankriaraisd! SlaEal 8o Weerelp thegapindghg pellet is

" éoenﬁaggre & E5HL b Plontact with and break the at least one wire as a result of

expansion,

22, The time delay apparatus of claim 17, wherein the electronic time delay
circuit 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 operably coupled to at least one

counter device.

23.  The time delay apparatus of claim 17, 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.



20 expansion. 22. The tinme delay apparatus of claim
17, wherein the electronic tinme delay circuit

w@eopnisers at | east one of a 75 KHz quartz cryBtEIUS2007/082641
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oscillator, a 36 KHz quartz crystal oscillator, and a
26.5 KHz quartz crystal oscillator operably coupled to
at | east one 25 counter devicel-23. The tine del ay
apparatus of claim 17, wherein the electronic tine
delay gir CUA by PIQERG!BES sy%te‘h@,'cbﬁ%siﬁg:“ ng circuit
including at | east one of” a voltage doubler and a

vol tageyapoadivigst er configured to increase a voltage
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suspended from the conveyance device; a firing head

s uperied shpodt he conveyance devi ce and operably

co rafing, ' .a tinme del ay
ap%g%ggﬁéggﬁ¥ﬁ¥ﬁ§?ﬁ§£p%ﬁ?hgqﬂggggﬂ%gﬂg?ising: an i nput
assenbl yn inpatl anckintbdy @moludingne riereanddn@gured td e digplaced to enable a
di spl aced to enable a power source connection; and an

el ectronic t?ﬁ%“S%W%%“¥WF%ﬁPtmﬁberably coupled to the

| nput  agsqElonicantk dekl) GROM LEMING chhIRS @Yﬁedi%?lﬂ abdefbly and
del ay responsive to an enabl ed power connection and
initiate a fémégedtmprdvidpetinpaleplyatiponsif totahenalilgdepower
delay. 25. A well. perforation system, conprising: .
conveyance diunesionad B ¢ BRbrgY ROt fepdiiior e celay.
t he conveyance device; a firing head suspended from

t he conveyance devi ce and operably coupled to the
per f or atl-ng Qurell RerigEien sysuR-ceMPEHAZa ti me del ay

ap pithin the firing head, conprising: 20 an
ing%¥§é§§%%ﬁﬁ§&$ncluding an el enment configured to be

di sptrbceatthgtgmnaenglohdeddronp twepn&yarceelecionnect i on; and

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 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 completion of the time delay.



an electronic tinme delay circuit including an
i solation elenent configured to electrically isolate

wo bmspmses source fromthe el ectronic tine del ByT/US2007/082641
circuit wupon contact of a conponent thereof by a
liquid, the tinme delay circuit 25 operably coupled to
the input assenbly and configuped to provide a tine
del ay responsive to an enabl ed, non-isol ated power
source nne ‘ - A TRRel o :
compl ot 1on of " Rm i enk dh KAy bh B BTG HRRRan cxplosive
PCGH/pug206m/sg8a6 4dbompr@hg26. A net hod of using an

el ectronic ti del ay apparat u i thin an expl osive
or TR ST SEE A AR 4 Sk R ARPERY R e extemal
force tRran el ement to displace the el enment responsive
to the external force; 5 connecting a power source to

5 ancoaaneding @orer sopecede pagleetraneqiime ddapermsitvespoasivere the
displaq$§§§£nggt&q§zggﬁg§nt; providing an el ectronic
time del'dy responsive to connection of the power
sopiveidingancdlectrogic dagidaby acspohd age chirmeandine thop@ver source; and
source . to a reﬁgteﬁnined, hi gher threshold firing o
voIFEEEn & YHHE HEMEN@BRYIPECE [onePraéateinegiphigher thigghold firing
met hod &megééﬁén%le&wcwe&wprl sing securing the

el enment agai

I nst displacenent using at |east one shear
10 pin. 28. The nethod of claim 26, further conprising

initiatihg expl osi .bo e, 15 to.provide ‘
dot onat Thn oUIRPOSHIHET % et s PRsr e e eelement aganst
hi gb@kcentchf @utrolt tabd dneRBear pil t age. 29. The net hod of

claim 26, further conprising charging at |east one

capacitor wth the predeterm ned, higher, threshold

vol t age,yg 20 ’ﬁlge 1\1/%1#1?{1 gP&QRﬁzpeo ?urﬁllepéqpxn{%’gieng\;}?iﬁié%%%] explosive booster

i ncreasing t age conprises

15 volotpageada tdomtibh anphoesmnsivah. thd rederettiod, bfghed, ehirgshold firing
30, further conmprising increasing the voltage to 25
subdti8ntial Iy 550V using the transformer. 32. The
nmet hod of claim 31, wherein increasing the voltage

further conprises
29, The method of claim 26, further comprising charging at least one capacitor

with the predetermined, higher, threshold voltage.
20
30. The method of claim 26, wherein increasing the voltage comprises

increasing the voltage with a transformer.

31.  The method of claim 30, further comprising increasing the voltage to

25  substantially 550V using the transformer.

32.  The method of claim 31, wherein increasing the voltage further comprises

increasing the voltage from the transformer using a multiplier.

30 33.  The method of claim 32, further comprising increasing the voltage to

substantially 600 V using the multiplier.



i ncreasing the voltage fromthe transformer using a
multiplier. 30 33. The nmethod of claim 32, further

W@ e0upnTmsing i ncreasi ng the voltage to subst anP@EUE3007/082641
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600 V using the nultiplier. WO 2008/ 070343

PCT/ US2007/ 082641 -23 34. A nethod of disabling an

el ectronic tinme delay circuit,2gonprising: providing

an isolation el enent connected between a power source

and an gl ect £ aliodlds m%abi |aﬁ3éle%ir519é‘hﬁle dleé?lcﬁédngoﬁ'x?@sing:
power source fromthe eleCtronic tinme delay circul

I e8POdSE e ig0bitign eﬁmommn@md gfwdche povwel sturasrand lae plegironic time
cont ac:{l Fgg a | | quid. 35. The nethod of claim 34,

wher ei §t'&t'tng the power source fromthe
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conponent to break the at |east one wre.
component of the isolation element contacting a liquid.

35. The method of claim 34, wherein isolating the power source from the
electronic time delay circuit comprises expanding the component to break the at least one

wire.



