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QE'/ICE QND METHOD lOR PERFORM!NG no~mrnoLE FU~!CT!QNS 

Background of the Invention 

This invention rel~tes generally to the field of 
performing dcwnhol& functions in a well, and is particularly 

10 applicable to downhole well completion ~oo~s. 
In completing a product recovery well, such as in 

the oil and gas industry, several downhole tasks or 
functions must generally he performed with tools lowered 

through the well pipe or casing. These tools may include, 
is depending on the required tasks ~o be performed, perforating 

guns that ballistically produce holes i~ the well pipe wal1 
to enable access to a target formation, bridge plug tools 
that install sealing plugs at a desired depth within the 
pipe, packer-setting tools that create a temporary seal 

20 about the tool and valves that are opened or closed. 
SometL~es these tools are electrically operated and 

are lowered on a wireline, configured as a string of tools. 
Alternatively, the tools are tubing-conveyed, e.~. lowered 

into the well bore on the end of ro~ltiple joints of tubing 
2s or a long metal tube or ~ipe from a coil, and activated by 

pressurizing the interior of the tubing. Sometimes the 
tools are lowered on ca~les and activated by pressurizing 
the interior of the well pipe or. casing. Other systems have 
also beer.. employed. 

30 ~ically, ballistic tools are not "armed" (i.e., 
not yet configured tc fire upon receipt of a hydJ:aulic or 
elec~ric stimulus) until just before being placed in the 

well, in order to avoid accidental firings at surface. Once 
armed, very high safety standards must be maintained to 
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avoid potentially deadly premacure firings until ~he tool is 

safely below gro'Ulld. Even after the armed t~ol has been 

lowered into the well, an accidental, premature firing ca~ 

result in costly ~ell damage. 

s;,;,rr.ma?::Y of the Invention 

In one aspect of the invention, a down.hole device 

for performing a function in a well has a series of 

dedicated hydro-mechanical locks that prevent occurrence of 

~o the function until desired. The hydro-mecha~ical locks are 

each capable of being released directly by a respective 

·elevated hydraulic activating pressure condition and are 

eor.structed and arranged for sequential operation such that 

a leek in the series cannot be released until after .the 

15 hydraulic pressure conditions required to release any 

preceding locks in the series have occurred. 

In one embodiment, the device is in the form of a 

self-contained downhole device for controlling the 

occurrence of the function. In this embodiment, the device 

20 includes a downhole housing and a port in the housing in 

hydraulic communication with a remote hydraulic pressure 

source via the well by pressure-transmitting structure such 

as casing or tubing in the well. 

In some embodiments, the series of hydro-mechanical 

as locks comprises a set of one or more displaceable elements 

associated with a common hydraulic actuator, the actuator 

constructed and arrangeo to displace the elements 

sequentially. In some cases the actuator is res~onsive to 

an increase in hydraulic pressure to advance to engage an 

30 element and to a subsequent decrease in hydraulic pressura 

to move the element from a lockir.g to an unlocking position. 
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Some pref erred embodiments contai~ one er ~ore of 

the following feat~res: the actuator has a piston; the 

actuator is biased to a first position by a spring, the 

activa=ing pressure condition moving the actuator to a 

s second, activated position; che elerne~ts eac~ compris~s a 

ring, which in some embodimencs is resi:iently radially 

compressed, in a locking, unreleased cond~cion, within a 

first bore of a lock housing; the accua~or has a ring 

gripper for movi~g the ring; the lock housing has a second, 

10 larger bo:e into which the ring is movable to an unlocking, 

released pcsi~ion; the ring has an engageab:e cam surface; 

the gripper has a finger with a cam surface for engaging the 

cam surface of. the ring, and in some i~stances a lift 

formation for lifting any previously released rings to 

1s enable the disengagement of an engaged ring from the cam 

surface of the gripper. 

In some e1t1bodiments of the invention, the spring 

comprises a compressible fluid which is compressed in a 

first chamber by said actuator. In a particularly useful 

20 arrangement, the device also has an orifice for restricting 

a flow of the compressible fluid from the first chamber to a 

second ehamber, enabling the respective activating pressure 

condition to cause the actuator to compress the fluid in the 

first chamber. In some instances the device has a third 

2s chamber and a floating piston disposed between the second 

and thi~d chambers, the floating piston containing a one-way 

check valve constructed to enable flow =rom the second 

chalt\ber to the thi~d chamber. In this arrangement the 

construction of the floating piston advantageously enables 

3C oil within the first and seco~d chambers to expand at higher 

temperatures. 
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In a~other embodiment, the series of hyd~o­
mechanical locks comprises one or more valves, eac~ valve 
arranged to be openable to a released condition in response 
to an activating hydraulic pressure condition. In a current 

5 arrangement, each of the valves has an inlet to receive 
activating pressure, and an outlet blocked from the inlet 

until after a respective activating pressure condition has 
occurred. In some arrangements, the outlet of the valve is 
hydraulically connected to an inlet of a pressure-activated 

10 tool. 

!n a particularly useful configuration, the valve is 
constructed to delay opening for a predecermi~ed aroou...~t of 
time after the ·occurrence of a respective ac~ivating 
pressure condition. This delay time enables the inlet 

15 pressure condition to the valve to be reduced before the 

valve opens. In this manner, ehe openi~g of an upper valve 
in a series of valves does not immediately open a lower 
valve, er.abling a series of such valves to be independently, 
sequentially opened by a sequence of activating pressure 

20 conditions. 

Some configurations may have one or more of the 
following features: the valve has a piston that forces a 
fluid through an orifice to expose a port to open the valve; 

and the delay time between the occurrence of the respective 
25 activating pressure condition and the opening of the valve 

is determined at least in part by the size of the orifice. 
In another aspect of the invention, a string of 

tools for performing downhole functions in a well includes a 
number of functional sections arranged in a physical order 

30 within the string along a string a~is. At least one of the 
sections has a downhole device with a series of dedicated 
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hydro-mechanical locks that prevent occurrence of an 

associated function. The hydro-mechanical locks are each 
capable of being released directly by a respective elevated 
hydraulic activating pressure cor.dition; a~d a~e constructed 

s and arranged for sequential operation such that a lock in 
the series cannot be released until after the hydraulic 
pressura condition required to release any preceding lock in 
the series has occurred. 

In a particularly advantageous conf i9urat.ion, at 
10 least th~ee of the sections each have such a device, the 

string being arranged and conf ig~red to perform the 
functions in an order other than the physical order of the 
sections along_ the axis. 

In a preferred embodiment, ~he sectio~s are 
1s constructed to enable activating pressure conditions to be 

applied simultaneously to all of the functional sections 
having the devices. 

!n some useful configurations, a first device in the 

string has at least one fewer dedicated hydro-mechanical 
20 locks than a second device in the s~ring, the actuating 

pressure conditions for releasing the locks of the first and 
second devices being correlated such that pairs of locks of 
the first and the second devices are simultaneously 
released, resulting i~ all locks being released in the first 

2s device while a lock remains unreleased in the second device. 
In another aspect of the invention, a downhole 

device for performing a function in a well has an actuator 
arranged to move along an axis in response to an activati~g 
pressure condition, an operator engageable by =he actuator 

30 and arranged to cause the function to be performed when 
moved, and at least one lock element engageab.le by the 
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act~ator and disposed axially, in a locking position, 

between the accuator and the operator. The actuator is 

eonstructed and arranged to, in response to a first 

activating press~=e cor.dition, engage and move ~he lock 

5 element to a non-locking position, and subsequen~ly, in 

response tc a second activating pressure condition, to 

engage and move the operator to cause the function to be 

performed. 
!n a prefe=red e:ml::>odiment1 there are more than one 

:o lock element arranged in series between the actuator and the 

operator. In a preferred configuration, the axial motion of 

the actuator is limited by the lock element. 

In another aspect of the invention, a method of 

performing a seqi~ence of downhole f~nctions in a well 

is comprises lowering a string of tools, the string having a 

functional section associated with each function. At least 

two of the sections each has a device with a series of 

dedicated hydrc-machanical locks that prevent occu~rence of 
the function associated with the section. The hydro-

20 mechanical locks are capable cf being released directly by a 

respective elevated hydraulic activating pressure condition, 

and are constructed and arranged for sequential operation, 

such that a lock in the series cannot be released until 

after the hydraulic pressure conditions required to release 

25 any preceding locks in the series have occurred. 

The method also comprises applyin~ a sequence of 

activating hydraulic pressure conditions to the string, a 

given activating pressure condition releasing an associated 

lock in predetermined functional sectio~s havicg unreleased 

30 locks. The f~nctional sections having the devices each 

perform their associated functions i~ ~esponse to an 

- 6 -

This ~heet Has B 1111anr 

1'n009 



------------ ------------· 

11118197 TUE 20:33 FAX 281 285 5Sli SPT IP C..o\W DEPT. 

activating pressure condition occurring after all locks of 

the section have been released. 

In so~e embediments, at least one of the functional 

sections perfora~es the well in respcnse to a~ activating 

s press~re condition occ~rring after all locks within the 

section have been released. 

!n a particu:arly useful ext1bodiment, the met~od 

includes :maineaining the axial position of the s~ri~g within 

the well while applying the sequence of activating pressure 

10 conditions to set a bridge plug at a fi=st axial well 

position, set a packer at a second axial well position, and 

subsequently perforace the well between the first and second 

axial well positions. 
!n another embodiment, the method of the invention 

1s further includes maintaining the axial position of the 

string wi~hin the well while sequentially performing 

functions associated with at least three sections of the 

string. The sections include an upper section, a lower 

section, and at leas~ one middle section, according to 

20 posicions along an axis of the string. The method furthe~ 

includes performing the associated functions in an order 

starting with the function associated with a middle section. 

In another embodiment, a~ least three of the 

sections are cperated biJ the sequence of activating 

25 hyd=aulic pressure conditions to perforate upper, lower and 

middle well zones, the middle zone being perforated first. 

In yet another useful er.ibodiment, the method further 

comprises applying an elevaeed downhole cest pressure. The 

test pressure releases an associated lock in each functional 

30 section having unreleased locks without causing any 

funccio~al section to perform its associated function. 
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According to another aspect of the invention, a 
string of tools fo~ performing a downhole function in a well 
includes a locking tool and a ballistic ~ool connected to 
the locking tool. The locking tool has· a series of 

s dedicated hydro-meehanical locks arranged to prevent arming 
of the ballistic tool, the locks capable of being released 

direcely by a respective eleva~ed hydraulic acciva~ing 
press~re condition. The locks a~e consc:ucted and arranged 

for sequential operatior-, such that a lock i~ the series is 
10 not released until after the hydraulic pressure conditions 

required to release any preceding ~ocks in the series have 
occurred, with the las~ released lock arranged to arm the 

ballistic tool when released. 
In one embodiment, the ballistic tool is constructed 

15 to, once armed, delay performing the downhole function for a 

predetermined amou~t of time (preferably, between about l 
and 20 minutes) after the occurre~ce of a subsequen~ 

activating hydraulic pressure condition. 
Preferably, the last released lock is constructed 

~o to, upon release, expose the ballistic tool to hydraulic 
pressure for receiving subsequent activating hydraulic 
pressure conditions. 

The ballistie tool includes, in some configurations, 

a displaceable ballistic member and a earget ballistic 
25 member. The last released lock is constructed to1 upon 

release, enable the displaceable ballistic member to be 
hydraulically displaced to~ard the target ballistic member 
to arm the ballistic tool. 

According to yet another aspect of the i~vention, a 

30 ballistic downhole tool is constructed to be armed downhole. 
The tool includes first and second ballistic components for 
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transferring a_~ ineernal detona~ion tc fire t~e tool, the 
ballistic components initially being separated by a 
sufficient distance to inhibit the detonacion transfer. The 

first ballistic component includes a piston. The tool also 
s includes a lock arranged to recain the first ballistic 

component in its initial position, and a hydraulically 
activatable actua~or adapted to release the lock to enable 
~he first ballistic component to be moved tcward ~ha second 
ballistic component by hydraulic pressure acting ~gainst the 

10 piston, to arm the tool. 

In some embod~ents, the firs~ ballistic component 
includes a firing pin a.."ld a length c! deconai:or coi:·d, the 
second ballistic component having a trigger charge arranged 
to be ignited by the detonacor cord of the first ballistic 

;.s component with the tool ir:. an armed conditicn. 
In the presently preferred embodiment, the first 

ballistic component also includes a release p~ston arranged 
to be moved by hydraulic pressure to release the firing pin. 

The tool may also include a seal arranged to isolate 
20 the release piston from hydraulic pressure with the tool in 

an unarmed condition, to provide an additional safeguard 
against accidental firing. 

Although surface accidents can generally be avoided 
by proper care and safety procedu~es, the invention can 

25 provide an additional level of safety by enabling the tool 
to be initially lcwered into the well una=med ar.d 
subsequently ar:ned only just before firing. Costly 
premat~re firings in the well can also be avoided. By 
keeping the ballistics unarmed while travers~ng the well, 

30 accidental firings caused by fa~l~y seals and unexpected 
hydraulic conditions can also be avoided. 
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The invention ~dvantageously enables functional 
tools eo be arranged in a single downhole string in a~y 
desired physical order, and activacec :n any preselected 
sequence. This flexibility ca..~ be very· useful, e.g. for 

s perforating multiple zones in a well star~ing wi~h a middle 
zone, or for perforating between a preset bridge plug and 
preset packer. 

The invencion also ~nables various arrange.~ents of 
down.hole tasks to be performed with a s:ngle stri~g o~ 

10 tools, requiring only one trip down the well, thereby saving 
substantial rig time. Used in a triggering mechanism to 

trigger a detonation to activate a tool, the inve~tion also 
advantageously avoids potential failure modes of 
eleetrically-aceivated dowr.hole equipment and asso~ia=ed 

is safety risks, by employing only hydro-mechanical downhole 
equipment for triggering detonations. 

In embodiments in which the deviee according to the 
invention is employed to activate a tool, the activation cf 
any of the tools in the string advantageously does not 

20 depend upon the previous activation of any other tools in 

the string, such that the failure of one tool to properly 

perform does not inhibit the operation of the other tools in 
the string. 

T~ese and other advantageous features are realized 
25 in equipment that is simple, reliable and relatively 

inexpensive. 

Brief Description Qf the Drawings. 

Fig. l is a diagra."tllnatic illustration of a tool 
30 string in a well, according to the invention; 

Fig. 2 illustrates a series of activating pressure 
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cycles applied to a tool string; 
Figs. 3A through 3D schematically illustrate the 

sequential operation of four tools in a string, according to 
the invention; 

s Fig. 3E schematically illuscrates a lock-releasing 

10 

actuator, according to the invention; 
Fig. 4 is a cross-sectional view of a hydrau.lically­

progra.'tlmable firing head in a fill sub, acco=ding to a first 
embodiment; 

Fig. 5 is an enlarged view o! a~ea 5 in Fi~. 4; 
Figs. 6A through 6E diagra.r.unatically illustrate the 

operation of part of the lock-releasing mecha.~ism of Fig. 4; 
Pig. 7_is a schematic illustration of a fU..~ctional 

section of a string of tools. according to a second 

15 embodiment; and 

Fig. 8 is a functional illustration of a pilot ~alve 
of the embodiment of Fig. 7. 

Fig. 9 shows a third embodiment, in whieh the lock­
releasing actuator is configured to arm the tool. 

20 Fig. 9A illustrates the embodiment of Fig. 9 in an 
armed condition. 

Description of the Pre~er;re.d Embodiments 

Referring to Fig. l, a hydraulic progra:mna.ble firing 
25 head 10 according to the inver.~ion is part of a strinq 12 of 

tools that can be arranged in various ways to selectively 
enable multiple operations to be performed in a well 20, 

such as setting a bridge plug or packe~, press~re cestin9 
the plug or packer, and perforating one or more zones, all 

30 in one trip in the well. The hydra~lic prograrnmable firing 
head 10 is adapted to initiate a dowr.hole evene when a 
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preprograrr.rned number of activating pressure cycles have been 
received. As shown in Fig. l, firing head 10 is capable of 
triggering a perforating gun 14, a pac~er-setting tool l6, a 
bridge plug tool 18, o~ any other downhole tool con!igured 

5 to perform a task. Multiple hydraulically prograxnmable 
fi=ing ~eads 10 can be used in a string 12 of tools, as 
shown, to trigge~ any desired arrangement of tools along the 
ax!s 21 of the stri~g in any preprogrammed order. 

String 12 is lowered into well 20 on the end of 
10 tubing 22, which is filled with hydraulic fluid. Hydraulic 

cor.nnunication lines 26, also filled with flu~d, 
hyd~aulically connect each firing head 10 in parallel 
com.~ni~ation ~ith a remote source 27 via tubing 22, such 
that pressure applied at the top end of tubing 22 will be 

15 applied simultaneously to all firing heads 10 in the string. 
By provision of a suitably selected number of dedicated 

hydro-mechanical locks in the respective firing heads 10, 
the f i~ing heads are each capable of being mechanically 
conf isured to trigger an associated tool o~ event upon 

20 reeeipt of a preselected number of actuation cycles. The 
f~ring heads can be set up such that a series of pressure 
cycles received by string 12 through tubing 22 sequentially 
triggers each tool or event in a predetermined order, 
without dependence on ~he arrangement of tools along the 

2s string, as described below. 

As indicated in Fig. 1, string 12 comprises a series 
of self-contained functiona~ sections A, E and C, with each 

section comprising a firing head 10 and a~ associated tool, 
e.g. a perforating gun 14, a packer-setting tool 16, a 

30 bridge plug tool 18, or other tool. The firing heads 10 are 
each connected to their associated eools with safety spacers 
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28 and sealed ballistic transfers 30. Sections A. B and C 

are separated from each o~her by blank subs 32. Each firing 

head 10 triggers its associated tool ballistically by 

initiating a detonation which is transferred to the 

s associated tool through the sealed ballistic transfers 30 

and safety spacer 28. Ballistic transfers 30 and b!ank subs 

32 are internally sealed to prevent fluid from flowing 

between firing heads 10, safety spacers 16 and tools. Fig. 

1 ill~seraces the relative placement of each component in 

10 string 12, and does noc represent their proportionate 

dimensions. String 12 may consist of any number of 

functional sections A, B, c, and so forth, each comprising a 

firing head a~d an associa~ed cool as described above, each 

in parallel hydraulic communication with tubing 22. Each 

:s associated tool may be configured to perform a downhole 

task, such as perforating the well, set~ing a packer or 

bridge plug, operating a valve~ mov:.ng a sleeve, or 

ocherwise causing a desired event to occur within the well. 

Referring ~o Fig. 2, sering 12 of Fig. 1 is 

20 activated from the surface cf the well by a series of 

activating pressure cycles 40 applied to the fl~id within 

tubing 22. Each pressure cycle spans at least 3 or 4 

minutes in the current configuration, and cocsists of a 

pressure increase 42 from hydrostatic pressure PH to 

25 activation pressure (PA. which is sufficiently above the 

pressure required to activate each firing head 10), a 

press~re dwell period 44 at activation pressure PA, and a 

pressure decrease 45. In the current configuration, as 

described below, pressure cycles 40 are separated by a 

30 length of eime sufficient to return internal chamber 

pressures to hydrostatic pres.sure Pll. 
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Referring also to Figs. 3A th~ough 30, str~ng 12 is 

diagrammatically illustrated as a series of fo~r =-..:.nctional 

sections A, B, c and D, although it should be understood 

that the string may consist of more or 'fewer self-con;ained 

s sections. The firing head i~ each section contains a se~ies 

of dedicated, hydraulically-~eleasable hydro-~echani~al 

locks, each unreleased lock illustrated as an x in the 

figures. As initially placed in :he well (~iq. 3A), the 

firing head of section A contains two suer. locks; section B, 

lC one lock; section C, four locks; and section o. three locks. 

Each pressure cycle 40 within tubing 22 releasea one lock X 

from the firing head of each seceion. If a given section 

has no unreleased locks X, a nexe pressure cycle 40 causes 

the firing head in tee given section to trigger its 

15 associated event or tool. After a first press~re cycle 40 

{Fig. 3B}, sec~ion A contains only one unreleased lock x, 
section B has no more unreleased locks, and sections C and D 

have three and four unreleased l:')cks X, respectively. After 

a second pressure cycle 40, one additional lock X in each of 

20 sections A, C and D has been released, such that section A 

has no more unreleased locks and sections C and D have two 

and one, respectively (Fig. 3C}. Because section B had no 

unreleased locks upon receipt of the second pressure cycle, 

the firing head in section B triggers its associated tool or 

25 event due to the second prassure cycle 40. A third pressure 

cycle 40 causes the firing head in section A to trigger and 

leaves only one unreleased leek X in section c, none in D 

{?ig. 30). Not shown, a fourth pressure cycle ca~ses the 

firing head in section D to trigger, and a fif~h pressure 

30 cycle causes the firing head in section C to trigger. 

In cer~ain pre=erred embodimenes the hydro-
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mechanical locks are of t~e fo:in o! dis~laceable elemer.ts, 

and a common actuatcr is employed. aeferring for exa.~ple to 

Fig. 3E, a firing head or other dcwnhole device i~cludes a 

hydraulically actuated gripper 300 that is moved axially to 

s engage an operator 302 by the application of an accivating 

pressure. At least one lock element 304 is positioned 

between gripper 300 and operator 302, s~ch that cycles of 

application and release of activating pressure sequentially 

move lock elements 304 to a released position, exposing 

10 operator 302 for engagement upon the nex~ application of 

activating pressure. As shown, a selected nUit'lber of lock 

elements 304 are p:aced in series, sueh that successive 

pressure cycles release respective lock el~ments until the 

release of the last unreleased lock element in the series 

lS exposes operator 302 for e~gageme~~. Once engaged, operator 

302 is subsequently moved by a reduction in pressure, 

causing an associated dowr..hole func=ion to be performed. 

In particularly preferred embodiments, ~he 

displaceable lock e~ements are c-rings that are sequen~ially 

20 moved by a common downhole actuator in the form of a 

hydraulic piston and a device for engaging the rings, 

referred to herein as a ratchet grip. The details of this 

implementation will now be descr~bed. 

Referring to Fig. 4, the hydraulic prograxnmable 

2s firing head 10 is located within a fill sub so, which is 

attached to the res~ of cr.e string of dowr..hole equipment by 

a fill sub conneetor 52 at the top end of the fill sub, and 

a lowe= adaptor 54 a~ the bottom end of the fill sub. 

Firing hea~ 10 comprises che in~ernal coreponents housed 

30 within fill sub SO and lower adaptor 54 below level A in the 

figure. Fill sub ccnnec~or 52 b.as upper and lower chreaded 
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ports, 56 and 58, respectively, for attaching hydra~lic 
communication lines 26 (Fig. 1}. ·ro configure firing head 
10 to be the upper firing head i~ the string, uppe~ threaded 
port 56 is t~ically plugged and an upper tubing ccr.nector 

s (not shown) provides a hydraulic connection, internal to the 
string, between annulus 60 within fill sub conr.ector 52 and 
tubing 22, while lower threaded pert 58 provides a hycraulic 
connection, through an exter~al cocu;n.unication line 26 (Fig. 
1), to the upper threaded port 55 cf a lower firir.g head 

10 fill sub connector 52. To configure the firing head to be 
the lowest in the strir.g of multiple firing heads, lower 
threaded port 58 is plugged, and upper ~hreaded port 56 
provides a hyd~aulic link to the upper £iring heads and 
tubing 22. In middle firing heads, both the upper and lower 

ls ports 56 and 58 are e...TUPloyed for ecmmunication (Fig. l). 

Annulus 62 within fill s~b 50 is open to anr.ulus 60 
within fill sub connector 52, and runs ~he length of the 
firing head, which is axially retained in the fill sub with 
threaded rod 64, ja..~ nut 66, sleeve 67 and th~eaded collar 

20 68. Upper head 70, piston guide 72, oil cha."nber housing 74, 
oil cha.."llber extension 76, st~~ guide 78, piston housing 80, 
housings eonneetor 82, ratche~ hcusing 841 release sleeve 
housing 86 and detonator adaptor as are stationary 
components of firing head 10, all connected in succession by 

2s threaded joints. Within piston guide 72 is a movable piston 
90 connected to the upper end of a long operating stem 92 
that rur.s through the cen~er of the f irinq head, the lower 
end of the operating stem being connected to a movable, 
ring-grasping ratchet grip 94. Operat.ing st.em 92 is 

30 supported along its length by g-~ide bearing surfaces 96 in 
oil chamber extension 76, stem gi~ide 1a and housings 
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connector 82, such that it is free to move axially with 
movable piston 90. A compression spring 98 around stem 92 

within oil chamber housing 74 biases piston 90 and ratche~ 
grip 94 in an upward direction. Side ports 100 in housings 

s connecto~ 82 and release sleeve housing 86 permit hydraulic 
flow between fill sub an..~ulus 62 and oil cha~.bers 102 a...~d 

104, respectively. Fluid can also flow from chamber 104 in 

release sleeve housing 86 to chamber 106 in ratc~et housing 
94, through an open inner bore of release sleeve operator 

10 108, such that activation pressure is always a~plied, 
through fill sub annulus 62, to the lower end of stem 92, 
and acts, along with compression spring 98, to bias piston 

90 in an upward direction to an i~activated position against 
a stop shoulder 109 of piston guide 72. Compression chamber 

15 110, which extends through oil cha.'ll\ber housing 74 and oil 

chamber extension 76, is pre-filledt through a subsequently 
plugged side port 116 in piston guide 72, with a highly 
compressible silicon oil, typically compressible to about 
10' by volume. Middle chamber 112 is also pre-filled with 

20 compressible silicon oil through a subsequently plugged side 
port 118 in stem guide 79, and is hydraulically connected to 

compression chamber 110 through flow-rescricting orifices 
114 in stem guide 78. Two jets, i.e. Lee Visco brand jets 

with an effective flow resistance of 243,000 lohrns, are 
25 employed as orifices 114. One-way ball check valves 120 in 

a floating piston 122, located in piston housing 80, allow 
the silicon oil in chambers 110 and 112 to expand at higher 

well temperatures, without allowing ~pward flow from chaniher 
102 to chamber 112. Because floating piston 122 is free to 

~o move axially within piston housing 80, the pressure in 
chamber 112 is always substantially equal to the pressure in 
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chamber 102, which is the same as annulus 62 pr9ss~re, e.g. 
tubing pressure. Flow-restricting orifices 114 slowly allow 
the press~re in compression chamber 110 cc equalize to 

tubing pressure, such that by the time the string is in 

s place at the bottom of a well, charo.bers 1041 106, 102, 112 
and 110 are all substantially at hydrostatic tubing 
pressure. 

A rupture disk 124 in upper head 70 prevents the 

pressuriza~ion of upp$r piscon chamber 126 un~il the 

10 pressure in annulus 62 exceeds a level required to rupture 
disk 124, ideally higher than the maximum expected 
hydrostatic press~re (P3 iD Fig. 2;. an~ lcwer than 

activation pre~sure PA. Upon the application of a first 
activation pressure cycle 40 {Fig. 2), rupture disk 124 

15 ruptures, and tubing pressure is applied to the top of 

piston 90, moving piston 90, stem 92 ar.d ratchet grip 94 
downward against compression spring 98. Tubing pressure, 
which is substantially equal to che pressure in chamber 112, 
must be increased rapidly so that the piston 90 can move 

20 downward and compress the silicon oil in compression chamber 
110. If ~he tubing pressure is increased coo slowly, flow 
aeross orifices 114 will equalize the pressure between 
chambers 112 and 110, bringing the silicon oil in chamber 

110 up to tubing pressure, in which case tubir.g p:essure 
~5 will be effectively applied to boch sides of piston 90, and 

no activating motion of the piston and ratchet grip 94 will 
occur. Tubing pressure is typically increased to a level PA 

of about 3500 psi above hydrostatic pressure P4 in about 30 

seconds, moving piston 
30 held at that level for 

before being released. 

90 and ra~chet grip 94 downward, and 

a dwell time of two to t~ree minutes 
Whe:n the cubing pressure is released 
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back to hydrostatic level PH, pis~on 90 and ratchet grip 94 
are returned to their initial dispositions by the pressure 
of the compressed silicon oil in compression cha.rrher ~10 and 
compressed spring 98. Between successive pressure cycles, 

s chambers 104, 106, 102, 112 and 210 all ~eturn substantially 
to hydrostatic press~re. 

Referring to Fig. 5, ratchet grip 94 has resilient 
fingers 140 with outwardly facing ca..~ surfaces 142 at their 
distal ends. Atta~hed to and moving wich ratchet g~ip 94 is 

io a ratchet grip guide 144 with an outward:y-faci~g :ip about 
its lower end with an upper surface 145. c-ring locks 146, 
preferably made of sp=ing metal, such as berJllium copper, 

each has a vertical slit 148 and an inwardly-facing 
engageable cam surface 150. The c-rings are disposed, in a 

1s locked position, in a small bore 152 of ratchet housing 84, 
the small bore having a smaller diameter than the free outer 
diameter of the c-ring so that the c-rings are in a radially 
compressed state. Friction between the facing surfaces of 
c-ring 146 and bore 152 retain the c-ring locks in their 

20 locked position. 

To release the top e-ring lock 146 in a series of 
locks, the top c-ring lock 146 is moved to a released or 
unlocked position in a large bore 154 of ratchet housing 84 
by an axial motion cycle of ratchet grip 94. In response to 

25 the application of an elevated activating pressure condi~ion 
in a pressure cycle, as described above, ratc~et grip 94 and 
ratchet grip guide 144 are forced downward until a lower 
surface 156 of ratchet grip guide 144 contacts an upper stop 
surface 158 of the top c-ring lock l46, and cam surfaces 142 

30 of resilien~ly bendable fingers 140 snap outwardly 
underr.eath cam surface 150 of the ~pper c-ring in an 
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engaging, ring-grasping mo~ion. W"nen tubing pressure is 

released and ratche~ grip 140 moves upward to i:s initial 
position, work is performed as the grasped c-ring 146 is 
pulled upward, against resistance to its move.l'C\enc., .into 

s large bore 154. Once within the large bore, spri~g force in 

'Che compressed c-ri~g opens the :i:·in9 to a rela~ively r.alaxed 

state, disengaging c-ring 146 from ratchet grip fingers 140 
and releasing the c-ring to be supported by lower bo=e 

shoulder 160 cf ratchet housing 84. 
10 Fureher lock-releasing actions of this embodiment 

are illustrated diagrar.imatically in Figs. GA through 6E. In 

Fig. GA, the top c-ring lock 146a has been released as 

described above. Upon the applica~ion of a second elevated 
pressure condition, lip surface 145 of ratchet grip guide 

1s 144 resilien~ly expands the released c-ring 146a as the 

ratchet grip ;uide passes downward inco small bora 152 with 
ratchet grip 94, where lower grip guide surface 156 contacts 

the upper stop surface 158 of the next unreleased c-ring 
14ob, with cam surfaces 142 of fingers 140 engaging cam 

20 surface 150 of ring 146b {Pig. 6Bl . When the activating 
pressure is reduced a second time, engaged c-ring 146b is 
raised into large bore 154 by ratche~ grip 94, and released 
c-ring 146a is raised from shoulder 160 by ratehet grip 
guide 144, making room for engaged ring 146b to be released 

25 into large bore 154 (Fig. 6C). This leek-releasing process 

is continued with further pressure cycles until all c-ring 
locks 146 are released. In a presently pref erred 
configuration, the aetuator and bores are sized in length to 
receive up eo five preset c-rin9s in small bore 152. 

30 Referring a:so ~o Fig. ~. below the lowest c-ring 
lock 146, e.g. the last in the series, is the release sleeve 
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operator 108 which has a stem section 162 connected to a 
release sleeve 164 disposed about a f irir.g pin housing 166 
enclosing a firing pin 168. Release sleeve operator 1C8 
also has an upper section 170 wi~h an inwardly-fa=ing, 

s e~gageable ca.~ surface 172. similar to cam surface 150 of 
split c-rings 146. After all installed c-rings 146 have 
been released, a next pressure cycle fo=ces ratchet grip 94 
downward to engage =elease sleeve cpera~or 103 (Fig. 6D). 
Upon a subsequent reduction of tubing pressure, ~ngaged 

10 release sleeve operator 108 is pulled upwa=d by ratchet grip 
94, thereby raising release sleeve 164 (F~g. 6E). An o-ring 
175 within ratchet housing 84 provides some fr~ctional 

resistance to ~he motion of release sleeve operator 108. 
Until release sleeve 164 is raised from its initial 

15 position, firing pin 168 is reeained axially by four balls 
174 within holes in firing pin ho1J.sing 166 (Fig. 4), which 
is connected to detonator adapter SS. The bal:s extend 
inwardly into a circ~mferential groove 176 in the firing 
pin, re~ai~ing the firing pin against axial motion. 0-rings 

20 178 around firing pin 168 keep tubing pressure, to which the 
upper end of the firing pin is subjected, from detonator 
cavity 180. When the release sleeve is pulled upward, the 
downward force of tubing pressure or. firing pin l6S 
accelerates the firing pi~ downward, forcing balls 174 out 

25 of groove 176. The firing pin strikes a detonator 182 at 

the lower end of detonator cavity 180, w~ich ignites a 
length of detonato~ cord 184 (pri~acord), which in turn 
ignites a trigger charge 186 at ~he lower end of the 
hydraulically programmable firi~g head 10. 

Jc Although the configuration shown is sized t~ contain 
up to five c-ring locks 146, the effective number of locks 
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in the section may be increased by appropriate dimensional 
adjustments and the addition of more c-ri~gs to ratche= 
housing 84, or by adding a lock extensic~ kit to t~e bottom 
of the firing head that contains additional locks ar-d a 

s loek-re:easing actuator that is blocked from receiving 

activating elevated pressure conditions until release sleeve 
164 is :raisad. 

Referring ~o Fig. 7, a second err.bodiment of the 
invention employs pilot valves 200 as locks w~thi~ a 

10 functional string section 202. A series of time-delay piloc 
valves 200 is located, in some cases, immediately above a 
pressure-ac~ivated firing head 204 of an associated tool 205 
as shown. In other cases, the lowest valve 200 in the 
series is constructed to directly release a f iri~g pin to 

is activate tool 205. 

Reterring also to Fig. S, each pilo~ valve 200 
functions as a time-delay lock that is activated w~en the 
pressure at an inlec 206 of the respective valve reaches a...~ 

activation levei, e.9. P~ in Fig. 2. Once activated, the 
20 valve is arranged to open, after a giver.. time de:;.ay, 

hydraulic communication between inlet 206 and outlet 210 by 

moving a piston 208 to expose a port 212 to inlet pressure. 
Until the press~re at inlet 206 reaches an ac~ivating 

level, piston 208 is held in a port-blocking position by 
25 shear pins 214. A cavity 216 above piston 208 is filled 

with a viscous fluid, and is ccnneeted to an initially 
unpressurized cavity 218 through an orifice 220. Valve 200 

is configured such that inlet 206 may be exposed to 
hydrostatic pressure, e.g. a pressure level of Px in Fig. 2, 

30 withc~t shearing pir. 214. Once the shear pin has bee.~ 
severed by an application of an activating pressure 
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condition, e.g. a pressure of level ?A, inlet pressure will 

nove piston 209 upward 1 forcing the fluid in cavi:y 216 

through orifice 218 at a predeterminable rate. 

Consequently, port 212 will be exposed when an c-=~ng seal 

s 222 on piston stem 224 has moved upward an appropriate 

distance, the timing of the exposure of port 212 being a 

funetion of the predeterminable rate of ~o~ion of piston 

208. During the relatively slow motion of piston 208, which 

is preferably configured to expose port 212 after abou~ five 

10 minutes from the application of tne respec~ive activating 

pressure condition, ehe inlet pressure, e.g. tubing pressure 

i~ the preser.t embodiment, is lowered to a hydrostatic level 

low enough that. successive v-alves connected to ot=:tlet 210 

will not be immediately activated by the exposure of port 

15 212, but high enough to continue to for~e piston 208 upward. 

The rate of motion of piston 208 under a given pressure 

condition can be adjusted by changing the size of orifice 

220 or the viscosity of the fluid in cavity 216. A rupture 

disk may be used in series with orifice 220 in lieu of shear 

zo pins 214. In some embodiments, piston stem 224 of the 

lowest lock valve 200 in a series of lock valves is directly 

attached to a release sleeve operator, such as release 

sleeve operator 108 in Fig. 4, to release a firing pin when 

moved. 
2s As cor.nected in series in Fi9. 7, the outlet 210 of 

each pilot valve 200 is in hydraulic communication with the 

inlet 206 of the next-lowest valve, with the outlet 210 of 

the lowest valve being in communication with firing head 

204. In this embodiment, the tubing pressure is increased 

30 co activate the upper unreleased pilot valve lock 200 in the 

string section 202, and, according to the predeeermi~ed 
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pressure cycle parameters as described above, is ret~rned to 
a hydros~atic level before the activated pilot valve opens, 
such that by the time the activaced valve opens to permit 
tubing pressu=e to be app!ied to the next lowest valve 200, 

5 tubing pressure has been reduced to a non-activating level. 
Upon the next application of activacing pressure, the next 

lowest unreleased valve 200 will be activated, and so forth, 
u.~~il firing head 204 is in hyerau~ic ccnc:nunication with 
tubing pressure. At this point, a~other a~plication of a 

lO pressure C'Jcle activates the firing head, initiating the 
detonation of a trigger cha=ge wit~in the firing head. 

In either errlbodiment heretofore described, the 
detenaeion of _a trigger charge in the firing head (10 and 
204 in Figs. 1 and 7, resp~ctively} ignites subsequent 

1s detona~ions through sealed ballistic transfers 30 and safety 
spacer 28, igni~ing a detonation within a tool associated 
with the firing head to perfor:n a desired down~ole function. 

As previously described, it should also be realized that 
the lock-releasing mechanisms described above car.. be 

20 employed to perform many other downhole tasks than the 
detonation of a trigger charge within a firing head. The 
release sleeve operator 108 of the first embodime~t may, for 
instance, open a valve or move a functional sleeve instead 
of releasing a firing pin. 

25 Hydraulic lines 26, shown in Figs. 1 and 7. are 
preferably positioned external to the functional tools 14, 
16, 18 and 212 of the sering. This positioning is 
particularly advantageous when the tools include perforating 
guns 14, to reduce the possibil~cy of tee lines being 

JC damaged by the firing of the charges of :he gun and opening 
an undesirable path between the activation fluid in tubing 
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22 and the annulus of the well. Lines 26 are positioned 
next to guns 14 sueh that the detonation of the gun will not 
damage the lines. 

In other embodiments, as when tubing 22 of Fig. 1 is 
s replaced with a cable, the firing heads are ac~iva~ed by 

cyclically pressurizing the well annul~s around the tool 
string. If the well will also be pressurized !or ocher 
purposes with the tool string downhole, e.g. for bridge plug 
or flow testing, extra locks, e.g. c-=ings 146 in Fig. 4 or 

10 pilot valves 200 in Fig. 7, can be added to appropriate 
sections of the tool string for release by the test pressure 
cycles. Thus activation o! the tool s~ring by the test 

·pressure, or advancement from the desired function sequence, 
can readily be avoided. 

13 Although, as in the present embcdimen~s. the locks 
of the invention are pref erred to be constructed to be 
released at a.bout the same activa~ion pressure level P4 

(Fig. 2), various locks within the string of tool sections 
may be bui:t to release at different pressure levels, 

20 further increasing the in-field flexibility of the invention 
to perform various downhole functio~ sequences. 

Referring tc Fig. 9, the lock ~eleasing mechanism 
discussed above with respect to Figs. 6A-6E is employed to 
arm firing head 300 in response to a series of pressure 

25 cycles received from the surf ace of the well through coiled 
tubing 22 (Fig. 1). Instead of releasing a firing pin wben 
pulled upward by ratchet grip 94a, release sleeve 302 
releases a piston assembly 304 which contains a firing pin 
306 and a length of detonator cord 308. Until piston 

30 assembly 304 is released, it is retained within piston guide 
3l0 wi~h the lowe= end of its detonator cord separaced from 
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a trigger charge 312 by a safe dis~ance, G, of about 3 

inches, to p=ohibit a premature detonation of deto~ator eord 
308 from igniting the trigger cha=ge. I~ oeher words, the 
tool is not armed until the piston asserr.:bly is released. 

5 When released, piston assembly 3C4 is released and is forced 
downwa=d. under hydraulic press~re, to a!:"m ehe tool (i.e., 
to place detonator ccrd 30a close enough to trigger charge 
312 to transfer a subsequent deconation) . 

Piston assembly 304 includes a piston 314 which 
10 extends upward through piston guide 310 and carries two o­

ring seals 316. A groove 318 at the d!stal end of piston 
314 and correspond!ng holes in guide 3~0 retain four balls 
such as those illustrated retaini~g firir.g pin 169 in Figs. 
6A-6E. At its lower er.d, piston 314 is a~tached to an upper 

15 tube 320 through an upper bulkhead 322. ~he upper tube is 

connected to a lower tube 324 through a detonator housing 
326 whieh retains detonator cord JOB a..~d a detonator 182a. 
Firing pin 306 is arranged to st~ike detonator 1S2a when 
release sleeve 164a has been pulled upward by a release 

20 piston 328 which is sealed against the bore of upper tube 
320 by twin o-rings 330. A cavity 332 above release piston 
328 initially contains a viscous fluid, and is connected to 
an initia:ly empty cavity 334 through an orifice 220a. As 
hydraulic pressure is applied against t~e lowe~ surf ace of 

2s release pisto~ 328 through a hole 336 in the wall of upper 
tube 320. a pin 338 is sheared a:id the release pisto~ slowly 
forces the viscous fluid from cavity 332 ~hrough orifice 
220a. As was ~iscussed above with respecc tc the time delay 
lock of Fig. 8, the rate of the upward motion of the release 

30 piston is predetermined by selecting the fluid viscosity, 
orifice size, and ac~ivation pressure. :f no delay is 
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5 

desired, the viscous fluid may be left out of cavity 332. 
When the release piston has moved upwa~d a suff icienc 
distance, firing pin 306 is released and strikes detonator 
182a, igniting detonator cord 308. 

Except for the upper portio~ of pis~on 314, all of 

piston asse~.bly 304 is disposed in a sealed chaml::e~ 340 

within an isolation spacer 342 which initially isolaces the 

piston assembly !rom hydraulic pressure. At its lower end, 
isolation spacer 342 is eonr.ected to a lower bulkhead 344, 

10 from whier. a cerd tube 346 extends upward inco lower tube 
324 to support trigger charge 312. A pair of o-ri~g seals 
346 provide a sliding seal between cord tube 346 a~d lower 
·tube 324. A crushable element 350 (e.g., a coil of 
stainless steel tubing) at the upper end of lower bulkhead 

15 344 helps to cushion the impact of the lower tube when the 

piston assa.inbly is released. Fig. 9A shews the p~sition of 
the piston assembly after it has been released and forced 
downward to arm the tool. 

In operation, a predetermined nUJ!'.ber of hydraulic 
20 act.ivation cycles are applied to sequentially release all of 

the locking rings 146. Upon the next application of 
sufficient pressure, ratchet grip 94a moves downward co 
engage release sleeve 302. When the press~re has been 
reduced, the ratchet grip pulls the release sleeve upward to 

25 release the balls in groove 318 and force piston assembly 
304 downward. As soon as seals 316 have cleared the inner 
bore of pisto~ guide 310, chambe~ 340 in isolation spacer 
342 is charged to tubing pressure. At this point, the 
piston assembly has ~oYed down far enough co ann t~e tool. 

30 If pin 338 has been sized to be sheared by hyd~oscatic 

pressure levels, release piston 328 will immediately begin 
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moving upward to release firing pin 306 to initiate the 
ballistic operation of the tool. Alterr.atively, pin 338 may 
be sized to require a subsequent application of activation 

pressure to be sheared. 
s Firing head 300 may be placed in series with other 

tools in a string, as tool A in Fig. 3A, for example, and 

operated in a predetermined seQUence with the ether tools, 
as predetermined by the number of releasable locks in each 

tool. Two firing heads in series may be configured with an 
lO equal number of locks and ballistically linked to the same 

tool to provide a redundant firing mechanism for a 
particularly crieical downhole operation. The upper firing 

·head may be configured to fire last, and to detonate a:., 
automatic release mechanism that drops the expended tools 

15 into the rat ho le. 

Other embodiments and advar..ta9es will be evident to 
those skilled in ~he art, and a~e within the scope of che 
following claims. 

What is claimed is: 

ii ii if 
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1 1. A downhole device for performing a function in 
2 a well, the device having a series of dedicated hydro-
3 mechanical locks that prevent occurrence of said func~ion 

4 until desired, 

s the hydro-mechanical locks each being capable of 
s being released directly by a respeceive elevated hydraulic 

7 activating pressure condition, 
a the eedicated locks of said device being constructed 
~ and arranged for saquen~ial operation such tha~ a lock in 

10 the se~ies cannot be released until after the cydra~lic 
11 pressu~e conditions required to release any precedi~g locks 
12 in the series have occurred. 

l 2. The device of elaim 1 in the form of a self-
2 contained downhole device for controlling the occurrence of 
J said function, the deviee including 
4 a down.hole housing, and 
s a port in said housi~g in hydraulic communication 

6 with a remote hydraulic pressure source via the well or by 

7 pressure-transmitting structure such as casing or tubing in 

a the well. 

1 3. The downhole device of claim l in which said 
2 series of hydro-mechanical locks co~~rises a set of one or 
3 more displaceable elements associated with a common 
4 hydraulic actuator, the actuator constructed and arranged to 
5 displace said one or more elements sequentially. 

l 4. The downhole device of claim 3 i~ which said 
2 actuator is responsive to an increase in hydraulic pressure 
3 to advance to engage a said element and tc a subsequenc 
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4 decrease in hydraulic pressure to move t~e ele~ent from a 
s locking to an unlocking position. 

1 5. The dowr..hole device of claim 3 in which the 
2 actuator comprises a hydraulic piston. 

l 
,. 
o. The downhole device of claim 3 in which the 

2 actuator is biased to a first position by a spring, said 
3 activating pressure condition moving said actuator to a 
4 second, activated position. 

1 7. The downhole device of claim 6 in which the 

4 spring comprises a compressible fluid which is compressed in 
3 a first chamber by said actuator. 

l s. The downhole device of claim 7 further 
2 comprising an orifice for restricting a flow of said 
J compressible fluid from said first e~er to a second 
4 chamber, enabling said respective activating pressure 
s condition to cause said actuator to compress the fluid in 
6 said first chamber. 

l 9. The dor>IIlhole deviee of claim 8 further 
J comprising a third chamber ar..d a floating piston disposed 
3 beeween the second and ehird chambers, said floating piston 
4 containing a one-way check valve const~ucted to enable flow 
s from said second chambe~ to said third chamber. 

l 10. The downhole device of claim 3 in which the 
2 ele-~en~s each comprises a rir.g and said actuator comprises a 
3 ring gripper for moving the ring. 
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l :1. The downhole device of claim 10 including a 
2 lock housing having a first bore in which said ring is 
3 resiliently radially compressed in a locking, unreleased 
4 condition. 

1 12. The downhole device of claim ll in which the 
2 lock housing includes a second bore into which the ring is 

J movable to an un~ocking, released position, said second bore 
4 being larger in diameter char. said first bore. 

1 13. The downhole device of claim 10 in which the 

2· ring has a c~ surface for engagement by said actuator. 

l 14. The downhole device of claim 13 in which the 
2 gripper comprises a finger with a ca..~ surface for engaging 
3 the c~~ s~rfaee of aaic ring. 

1 15. The downhole device of claim 14 in which the 
2 gripper further comprises a lift surf ace for lifting a~y 
3 previously released rings of the device to enable the 
4 disengagement of an engaged ring from said cam surface of 
5 said gripper. 

l 16. A downhole device for performing a func~ion in 

2 a well, comprising 
3 a lock housing having a relatively small bore and a 
4 relative:y large bore; 
5 a port in hydraulic communication with a remote 

6 hydraulic pressure source; 
a set cf one or more displaceable c-rings 
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a resiliently radially compressed in a locking, unreleased 
9 condition in said s~a!l bo=e, each ring having a.~ enqageable 

10 cam surf ace; 
11 a common hydraulic actuacor having a finger with a 
12 cam surf ace for engaging the cam surf ace of said ring and a 
13 lift surface for lifting any previously released rings of 
14 the device to er.ab:e the diser-gagement of an engaged ring 
lS from said cam surface of said gripper, the actuator bei~g 

16 constructed and ar~anged co move said c-rings sequentially, 
l7 in response to a corres~onding sequence of elevated 
:e hydraulic pressure conditions, from said small bore to an 
19 unlocking, released position in said large bore; and 
20· a spri~g for biasing said actuator to a first 
21 po$ition, said actuator being responsive to an increase in 
22 hydraulic pressure ~o advance to a second position to engage 
23 a said ring, and to a decrease in hydraulic pressure to 
24 return to said first position to move said engaged ring. 

1 17. The downhole device of elaim l in which said 
2 series of hydro-mechanical locks comprises one or more 
3 valves, each valve arranged to be ope..~able to a released 
4 condition in response to a said respective activating 
s hydraulic pressure condition. 

1 18. The downhole device of claim 17 in which a said 

2 valve has an inlet to receive activating pressure cycles, 
3 and an outlet blocked from said inlet until after a 

4 respective activa~i~g pressure condition has occurred. 

1 19. The down.hole device of claim 18 in which the 
2 outlet of said valve is hydraulically connec~ed tc an inlet 
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J of a pressure-activated tool. 

1 20. The downhole device of claim 18 in which a said 
2 valve is constructed to delay opening for a predetermined 
3 amount of time after the occurrence of said respective 
4 aetiva~ing pressure condition, the delay time enabling inlet 
5 pressure to said valve to be reduced before said valve 
6 opens. 

l 21. The downhole device of claim 20 in which said 

2 valve comprises a piston that forces a fluid through an 
3 orifice to expose a port to open said valve. 

l 22. The dO"l.'!lhole device of claim 21 in which said 

2 delay time is determined at least in part by the size of 
3 said orifice. 

1 23. A string of ~ools for performing downhole 

2 functions in a well comprising a number of functional 
J sections arra..~ged in a physical order within the string 
4 along a string axis, at least cne of said sections having a 
s downhole device with a series of dedicated hydro-mechanical 
o locks that prevent occurrence of an associated said 
'7 function, 
s the hydro-mechanical locks each being capable of 
9 being released directly by a respective elevated hydraulic 

~~ activating pressure condition, 

11 the dedicated locks of said device being constructed 
12 and arranged for sequential operation sueh ~hat a lock in 
13 the series cannot be released until afte= ~he hydraulic 
14 pressure condition required to release any preceding lock in 
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is the series has occurred. 

1 24. The string of tools of clai:n 23 in w'h.ich at: 
2 least three of said sections each has a ·said device, the 
3 string being arranged and configured to perform said 
4 functions in an order other than the physical order of said 
s seccions along said axis. 

• 
l 25. The string of tools of claim 23 in which said 
a sections are constructed to enable activating p=essure 
3 conditions to be applied simultaneously to all of said 
' functional sections having said devices. 

l 26. The string of tools of claim 25 in which a 

2 !irst said device has at least one fewer dedicated hydro-

3 mechanical locks than a second said device, ~he actuating 
4 pressure conditions for releasing the locks of said first 
5 and second devices being eorrelatea such that pairs of locks 

6 of said first and said second devices are simultaneously 
7 released, resulting in all locks being released in said 
s first device while a lock remains unreleased in said second 
9 device. 

1 27. A downhole device for performing a function in 
2 a well, comprising an actuator arrar.ged to move along an 
3 axis i~ response to an activating pressure condition, an 
4 operator engageable by said ac~uator and arrangad to cause 

s said function to be performed when moved, and at least one 
6 lock element engageab1e by said actuator and disposed 
7 axially, in a locking position, between said ac=uator and 
S said operator, said actuator constructed and arranged to, in 
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9 response to a first activacing pressure condition, engage 

10 and move said lock elament to a non-locking position, and 
11 subseque...~tly, in response to a second said activating 
12 pressure condition, to engage and move s·aid operator to 

13 cause said function co be performed. 

1 28. The downhole device of claim 27 in which there 
2 are more than one of said lock elements arranged in series 
3 between said actuator and said operator. 

1 29. The downhole device of claim 27 in which the 
2 axial motion of said actuator is limited b"~ said lock 
3 element. 

1 30. The down.hole device of claim 29 in which the 
2 lock element comprises a ring and said actuator comprises a 
3 ring gripper for mo·.ring the ring. 

l 31. The down.hole device of claim 30 including a 
2 lock housing having a first bore i~ which said ring is 
3 resiliently radially compressed in a locking, unreleased 
4 condition. 

1 32. The downhole device of claim 31 in which the 
2 lock housing has a seeond bore into which the ring is 
3 movable to an unlocking, released position, said second bore 
4 being larger in diameter than said first bore. 

1 33. The downhole device of claim 30 in which the 

:z ring has a cam surface for engagement by said actuator. 
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l 34. The down.hole device of claim 33 in which the 

2 gripper comprises a finger with a cam surface for engaging 

3 the cam s'L'!.rface of said ring. 

1 35. The downhole device of claim 34 in which tha 

2 g~ipper furcher comprises a lift formation for lifting 

3 previously released rings to enable the disengagement of an 

4 engaged ring from said cam surface of said gripper. 

l 36. A method of perfo:rming a sequence of downhole 

2 functions in a well, comprising 

J lowering a string of tools, the string having a 

' functional section associated with each function, at least 

5 two of said sections each having a device with a series of 

s dedicated hydro-mechanical locks ehat prevent occurrence of 

7 the function associated with the section, 

a the hydro-mechanieal locks being capable of 

9 being released directly by a respective elevated hydraulic 

io activating pressure condition, 

ll the dedicated locks of eaeh said device being 

12 constructed and arranged for sequential oparation su~h that 

13 a lock in the series cannot ~e releasea until after the 

14 hydraulic pressure conditions required to release any 

15 preceding locks in the series have occurred; and 

16 applying a sequence of activating hydraulic pressure 

17 conditions to the string, a given activati~g pressure 

18 condition releasing an associated lock in predetermined 

19 functional sections having UJ.'"lreleased locks, said functional 

20 sections havi~g said devices each ~erforming its associated 

41 function ic response to an activating pressure condition 

22 occurring after all locks of said section have been 
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23 released. 

1 37. The mechod of claim 36 in which at least one of 
2 said functional sections perfora~es the well in response to 
3 an activating pressure condition occurring a!ter all locks 
4 within said one of said sections have been released. 

l 38. The method of claim 36 further comprising 
2 ~.aintaining the axial position of said sering within the 
3 well while applying said sequence of activating pressure 
4 conditions to set a bridge plug ae a first axial well 
5 position, set a packer at a second axial well position, and 

6 subsequently p~rforate the well between said first and 
7 second axial well positions. 

1 

2 

39. The me~hod of claim 35 further comprising 
maintaining the axial position of said string within 

3 the well while sequentially performing functions associated 
4 with at least three sections of said string, said sections 
5 including an upper section, a lower section, and at least 
6 one middle section, according to positions along an axis of 
7 the string; and 
s performing said associated functions in an order 
9 starting with the function associated with a said middle 

10 section. 

1 40. The method of claim 39 in which at least three 
2 of said sections are opera~ed by said s9quence of activating 
3 hydraulic press~re conditions eo perforate upper, lower and 

4 middle well zones, said middle zone being ~erforated first. 
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l 41. The method of claim 36 further comprising 
2 applying an elevaced downhole test pressure, said test 
3 pressure releasing an associated lock in each functional 
4 section ~aving unreleased locks withou~ ·causing any said 
s funet:ional section to perform its associated. f•.J:i.ction. 

6 

7 42. A method of performing a downhele fur.~tion in a 

s well, comprising 

9 lowering a string comprising fi~st a:id second ~ools 
10 into the well, the first tool having a series of dedicated 
ll hydro-mechanical locks that prevent arming of ehe second 
12 tool, the hydro-mechanical locks being capable of being 
13 released directly by a respective elevated hydrau!ic 
14 activating pressure condition, the loeks being constructed 
lS and arranged for sequential operation such that a lock in 
is the series cannoc be released until after the hydraulic 
17 pressure conditions required to release any preceding locks 
18 in the series ha~e occurred, the last released lock arranged 
19 to arm the second tool when releaeed, the second tool 
20 constructed to, once armed, delay performing said function 
21 for a predeter.mined amount of time after Che occurrence of a 
22 subsequent activating hyd~aulic pressure co~ditioni 
23 applying a sequence of activating hydraulic pressure 
24 conditions to the string to release associated locks in said 
~s first tool and to arm said second tool; and 

26 applying a subsequent activating cydraulic pressure 
21 condition to activate said second tool. 
28 

1 43. 

2 function in 

3 a ballistic 

A string of tools for perforlll.ing a downhole 
a well, the string comprising a locking tool and 
tool connected to the locking tool, 
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4 the lockicg tool having a series of dedi~acad hydro-

! mecbanical locks arra..~ged to prevent arming of the ballistic 

6 tool, the locks capable of being released direct:y by a 

1 respective elevated hydraulic activating pressure condition, 

a the locks constructed and arranged for sequential operation 

9 such that a lock in tne series is no~ released until after 

10 the hydraulic pressure conditions required to release any 

ll preceding locks in t...'1.e series have occ~rred, ~he last 

12 released lock arranged to arm the ballis~ic tool ~hen 

13 released. 

1 44. The string of tools of clai:n 43 in which the 

2 ballistic tool. is constr~cted to, once armed, delay 

3 performing said function for a predetermi~ed amo1,l..~t of time 

4 af eer the occurrence of a subsequent activating hydraulic 

s pressure condition. 

1 45. The string of tools of claim 44 in which said 

2 predetermined amount of time is- between about 1 and 20 

3 minutes. 

l 46. The string of tools of claim 43 in which said 

2 series of hydro-mechanical locks comprises one or more 

3 displaceable elements associated with a co!nl'[l~n hydraulic 

4 actuator, the actuator constructed and arranged to displace 

s said one or more elements sequentially. 

1 47. The string of tools of claim 43 in which the 

2 last released lock is constructed to, upon release, expose 

3 the ballistic tool to hydraulic p=essure for receiving 

4 subsequen~ ac~ivating hydraulic p~essure conditic~s. 
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l 48. The string of tools of claim 43 in which the 
2 ballistic tool comprises a displaceable ballistic member and 
3 a target ballistic member, the last released lock 
4 constructed to, upon release, enable the displace~le 

s ballistic member to be hydraulically disp:aced ~oward the 
6 target ballis~ic member to arm the ballistic tool. 

.!. 49. A ballistic tool for performing a down.hole 
2 function in a well, the tool comprising 
3 firs~ a.~d second balliseio components for 
4 transferring a detonation to fire the tool, said ballistic 
s ·eomponents ini~ially separated by a sufficien~ distance to 

6 inhibit the detonation transfer, said first ballistic 
7 component comprising a piston; 

s a lock arranged to retain said first ballis~ic 
9 component in its initial position; and 

10 a hydraulically activatable actuator adapted to 
ll release the lock to enable said first ballistic component to 
12 be moved toward said second ballistic ccmponent by hydraulic 
:J pressure actir.g against said piston, to ar.n the tool. 

1 50. The ballistic tool of claim 49 in which the 
2 first ballistic component comprises a firing pin a~d a 
3 lengtc of detonator cord, the second ballistic component 

4 comprising a trigger charge arranged to be ignited by the 
5 detonator cord of the first ballistie component with the 

6 tool in an armed condition. 

l 51. The ballistic tool of claim 50 in ~hich the 
2 first ballisti~ component further comprises a release piston 
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3 arranged to be moved by hydraulic pressure to release the 

4 firing pin. 

52. The ballistic tool of claim 51 further 

2 comprising a seal arranged to isolate the rel~ase piston 

J from hydraulic pressure with the tool in an unarmed 

4 condition. 
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