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@ Borehole devices disarmed by fluid pressure.

@ An apparatus {10} for actuating an explosive device
downhole in a borehole includes a mechanism for actuating
the explosive device in response to a stimulus, and means
for disarming the actuating means in response to the
application of fluid pressure thereto. The actuating means
can be actuated by a pressure differential across a piston

(122) causing movement thereof and of rod (120} to release
firing pin (86). in such case, the disarming means includes a
valved port (232) operabie by sliding movement of sleeve 84
to equalize pressure across piston {122). Sleeve 64 is
moveable in response to certain pressure conditions.
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BOREHOLE DEVICES DISARMED BY FLUID PRESSURE

The present invention relates to devices for use
in boreholes such as o0il and/or gas wells.

Explosive devices downhole in a well are
typically actuated by steps taken at the surface of the
well. Such steps include, for example, dropping a
detonating bar downhole to impact a firing head, trans-
mitting an electrical signal downhole to a wireline
operated explosive, applying pressure from the surface
to actuate an explosive device and manipulaﬁing a tubing
string or tool string from the surface to do so. It will
be readily appreciated that since such actions are taken
at a location separated from the explosives by a borehole
filled with fiuid, it is not absolutely certain that the
explosive device has been actuated, although the appro-
priate steps have been taken.

Accordingly, when the explosive device is
retrieved from the borehole, it is desirable to take
steps to ensure it has been disarmed before it arrives at
the surface.

In accordance with one aspect of the present
invention, an apparatus is provided for actuating an
explosive device downhole in a borehole. The apparatus
comprises means for actuating the explosive device in
response to a stimulus, and means for disarming the
actuating means in response to the application of fluid

pressure thereto.
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In accordance with another aspect of the present
invention, a method of disarming a perforating gun
downhole in a borehole is provided wherein the perforating
gun has a pressure responsive disarming device. The method
comprises the steps of: applying increased fluid pressure
to the disarming device in excess of a predetermined level,
and actuating the disarming device in response to the
increased fluid pressure. )

In order that the invention may be more fully
understood, an embodiment thereof will now be described
by way of example only, with reference to the accompanying
drawings, wherein:

FIGURES 1A and 1B are partially cross-sectional
views of a pressure actuated perforating gun firing
head, and disarm plug, in accordance with one advantageous
embodiment of the present invention; 4

FIGURE 2 is a partially cross-sectional view of

a borehole in the earth wherein tubing conveyed perforating

guns
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have been positioned to perforate the casing at a desired

depth and utilizing the firing head of Figures 1A and 1B.

Figures 1A and 1B illustrate a fluid pressure
actuated firing head for oil and/or gas well perforating guns,
embodying one particularly advantageous application of the

present invention. With reference particularly to Figure 13,

a generally cylindrical disarm sub 12 is provided with a pin
type conpling 14 at a first end of the firing head 10 and
adapted to form a threaded courling with another downhole tool
or wvith a joint of tubing in a tubing string. An opposed end
of the disarm sub 12 forms a threaded connection with a
tubular member 15 st a first end thereof. BAn O-ring 18
provides a fluid-tight seal between the outer surface of sub
12 and the inner surface of tubular member 15. Two set screws

20 -oppose decoupling of the sub 12 from the tubular member 15.

An opposed, second end of the tubular member 15 is
threadedly coupled to a piston chamber sub 22 at a first end
thereof. An O-ring 24 seals the outer surface of sub 22 to
the inner surface of tubular member 15, while a further pair
of set screws 26 prevent decoupling of tubular member 15 and
sub 22. An intermediate sub 23 is threadedly coupled to sub

22 at a second end thereof. An O-ring 25 seals the outer
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surface of nub 22 to the inner surface of intermediate sub 23,
while a pz.r of set screws 27 prevent decoupling of sub 22 and
sub 23, With reference to Figure 1B, an opposed, second end
of sub 23 is threadedly coupled to a tubular housing 28 and an
O-ring 30 seals the exterior surface of the sub 23 to the
interior surface of the housing 28, while two additional set
screws 32 prevent decoupling of the sub 22 from the housing
28. An opposed, second end of the housing 28 is provided with
a box type coupling 36 adapted to from a fluid-tight

connection with the housing of a. perforating gun.

With reference again to Figure 1A, a disarm piston
40 is slidably positioned within the disarm sub 12 initially
adjacent the first or pin end 14 thereof and forming a
fluid-tight seal against the inner surface of the sub 12 by
means of an O-ring seal 42, Four transverse ports 44 are
formed through the pisgton 40 and are initially aligned with
corresponding ports 46 formed through the sides of the disarm
sub 12. Disarm piston 40 is also provided with an axial
center bore 48 extending therethrough and in commuﬂication
with the ports 44 thereof, so that the exterior of the disarm
sub 12 and of the firing head 10 is in f£luid pressure
communication with the interior of the disarm sub 12 and,
initially, with the interior of the tool or tubing joint
coupled to the firing head 10 at the pin end 14. A plurality
of shear pins 50 maintain the initial position of the disarm

piston 40 axlally with respect to the disarm sub 12,
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Also shown in Figure 1A is a disarm plug 54 having a
lower, generally cylindrically shaped portion 56vadapted to
seat in the port 48 of the disarm pistén 40 and to form a
fluid-tight seal thereagainst by virtue of a chevron-type seal
58 provided in the lower portion 56. Disarm plug 54 is also

provided with a fishing neck 60 which permits the plug 54 to

be retrieved, if so desired.

A disarm sleeve 64 is slidably mounted on the
exterior of the tubular member 15 and the disarm sub 12. The
disarm sub 12 is provided with four axially extending slots 66
(only two of which are shown in Figure 1A) extending
therethrough adjacent a first end of the disarm sleeve 64.
Four screws 70 (only two of which are shown in Figure 1A) are
threaded into and retained by the disarm piston 40 and extend
radially outwardly therefrom through the slots 66 and into
four circular bores formed in the disarm sleeve 64 adjacent
its first end, such that a sliding movement of the piston 40
inwardly of the disarm sub 12 from the pin end 14 will cause
the sleeve 64 to slide over the disarm sub 12 and the tubular
member 15 to the extent that the slots 66 permit the screws 70
to travel axially therethrough. A shoulder 72 is formed in
the intermediate sub 23 thus to prevent further axial movement
of the sleeve.64 which might shear the screws 70 with a

consequent loss of control over the position of the sleeve 64.

With reference to Figure 1B, a detonation initiator

80 is received within a central bore of a retaining member 82
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positioned within the housing 28 adjacent the box coupling 36
thereof, such that a threaded end of a perforating gun coupled

thereto abuts a first extremity of the detonation initiator 80

.and the retaining member 82, thus opposing movement thereof

outwardly of the housing 28, Two O-ring seals 84 seal an
outer cylindrical surface of the retaining member 82 against

an inner surface of the housing 28,

The detonation initiator 80 is an impact type
detonator adapted to provide a detonating output to the
perforating éuns when struck at an opposite extremity by a
firing pin 86. A plurality of O-rings 90 seal the exterior of
the detonation initiator 80 to the interior of the retaining
member B2. The detonation initiator 80 may utilize, for
example, a percussion primer of the type disclosed in United
States patent application serial No. 587,344 entitled PRIMER
MIX, PERCUSSION PRIMER AND METHOD OF INITIATING COMBUSTION
filed March 8, 1984 in the name of Donald K. Yates and
assigned to the assignee of the present application, the
entire disclosure of which is incorporated herein by
reference. An exemplary primer mix includes 41% by weight
titanium and 59% by weight potassium perchlorate compacted to
a density of from 2.3 to 2.5 gm/cc by subjection to compaction

pressure of from 15,000 to 50,000 psi {103 to 345 MPa).

The firing pin 86 is carried by a plunger 94

positioned slidably within a central bore of a plunger housing
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96 abutting the retaining member 82. The exterior surface of
the plunger 94 is sealed against the central bore of the
housing 96 by a pair of O~ring seals 98. The plunger housing
96 is held between the retaining member 82 (at a first end of
the housing 96) and a shoulder 100 of the housing 28, such
that it is immovable with respect to the housing 28. An
annularly shaped shock absorber 101 is retained between member
82 and housing 96 and serves to prevent damage to the plunger
94 upon firing. An outer surface of the housing 96 is sealed
against an inner surface of the housing 28 by two O-ring seals
102. The plunger housing 96 has a reduced diameter neck
portion 106 adjacent a second end thereof and having four
circular bores radially therethrough (of which only two are
shown in Figure 1B) in which four steel balls 108 are captured
between an annular indentation in the plunger 94 having a
generally semi-circular configuration to conform with the
shape of the balls 108, and a cup-shaped ball release 110
positioned over the neck portion 106 of the plunger housing 956
and releasably affixed thereto by a plurality of shear pins
112. The shear pins 112 are maintained within the ball
release 110 by a generally cylindrical pin retainer 114
threadedly coupled over the ball release 110 and restraining

the pins 112 from slipping outwardly of the neck 106 and ball

release 110.

The ball release 110 is threadedly coupled to a rod

120 at a first end thereof. The rod 120 extends from the ball
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release 110 toward the pin end 14 axially through the housing
28, the intermediate sub 23 and the p%ston chamber sub 22
(Figure 1aA). A first piston 122 is threadedly coupled with
the rod 120 at an opposed end thereof and is positioned within
a central bore of piston chamber sub 22, The piston 122 forms
a fluid-tight seal with the central bore of sub 22 by virtue

of two O-rings 130,

Piston 122 has a first, relatively large diameter
recess 123 extending from a first end 124 thereof towards the
box end 36 of the firing head 10 and terminating at an
inwardly extending shoulder 125 of piston 122, A second,
relatively smaller diameter recess 126 within piston 122
extends from shoulder 125 towards the box end 36 of firing
head 10. Second recess 126 terminates at an inner wall 127 of
piston 122, A plurality of fluid passageways 128 extend from
the inner wall 127 of piston 122 through an outer wall 129

thereof closest the box end 36,

A second piston 132 has a first, relatively small
diameter portion 133 extending partially into recess 126 of
piston 122 and having an outer wall fitting closely with
recess 126 of piston 122. The outer surface of portion 133 is
sealed against recess 126 by an O-ring 134. Portion 133
extends from recess 126 towards the pin end 14 of firing head
10 and terminates at a second, relatively larger diameter

portion 135 of piston 132 having an outer surface fitting
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closely against the recess 123 of piston 122. The second
portion 135 of piston 132 is sealed against the recess 123 of
piston 122 by an O-ring 136. An annular air chamber 137 is
defined between the outer surface of portion 133 and the wall

of .the recess 123 of piston 122,

A shear pin ring 138 abuts the shoulder 125 of
piston 122 and is releasably secured to piston 132 by a
plurality of shear pins 139. Accordingly, the shear pins 139
and the shear pin ring 138 releasably secure the piston 132
against movement inwardly of piston 122 until sufficlent force
is exerted against the pins 139 to shear them. A disc shaped
piston stop 140 abuts wall 127 of piston 122 and is provided
with a plurality of fluid passageways therethrough to ensure
fluid communication between the interior of recess 126 and
the passageways 128. The piston stop 140 serves to absorb the
shock of impact between the portion 133 of piston 132 and the

wall 127 of piston 122, as will be described in greater detail

below.

A radial port 141 extends through the larger
diameter portion 135 of piston 132 and is in fluid
communication with the volume 177 bounded by the interior of
the tubular member 15. A longltudinal port 142 in fluid
communication with the port 141 extends through the relatively
smaller diameter portion 133 of piston 132 and is in f£luid

communication with the volume defined between the portion 133,



10

15

20

25

- 10 - 0184377

the recess 126 of piston 122 and the stop 140. Accordingly,
while the piston 132 is maintained in the position shown in
Figure 1A, there is fluid communication between the volume

177 and the exterior of the piston 122, on the one hand, and
the fluild volume adjacent the side 129 of the piston 122,

This volume is f£illed with a clean fluid suﬁh as oil or diesel
fuel, s0 that the narrow passages extending through the stop
140 and the passages 128 in piston 122 do not be;ome clogged
with particulate matter present in well fluids on the exterior
of firing head 10. Two O-rings 146 are positioned within
annular recesses in the exterior of portion 135 of piston 132
and positioned to seal the port 141 from the volume 177 within
the tubular member 15 when the piston 132 has been fully

extended into the piston 122,

An axial extremity of the volume within tubular
member 15 and closest to the pin end 14 is defined by a
floating piston 170 slidably disposed within the member 15 and
sea;ed thereto by two O-ring seals 172. The opposite side of
the floating piston 170 is exposed éo well fluids admitted
through the ports 46 in the disarm sub 12 and the ports 44 in
the piston 40, and is also in communication with the interior
of the tubing or other tool coupled at the pin end 14 through
the port 48 in the piston 40. A plurality of ports 173
extending through piston 170 are closed by a frangible shim
174 held within piston 170. The use of shim 174 prevents the

build up of a pressure differential between the volume 177
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within tubular member 15 and piston 170, and the exterior of

the firing head 10. The volume on the side of piston 170

opposite volume 177 and within the disarm sub 12 is designated
175. '

An additional floating piston 176 is provided on the
opposite side of the first piston 122 and forms a slidable
seal against a relatively large diameter, inner surface of the
intermediate sub 23 by virtue of two O-ring seals 178 and

forms a slidable seal against the rod 120 by virtuwe of two

additional O-ring seals 180. The interior surface of the sub

23 and the piston 176 enclose a chamber 181 filled with
nitrogen through a check valve 182 (Figure 1B) providing fluid

communication from the exterior of the sub 23 to the nitrogen

chamber 181. An extremity of the intermediate sub 23 opposite

the piston 122 has a reduced diameter axial bore which forms a
fluid-tight seal against the rod 120 by virtue of two further

O-rings seals 186 (Figure 1B).

Adjacent this extremity of intermediate sub 23 are
formed four radial ports 190 (only two of which are shown in
Figure 1B} through the housing 28 admitting fluid pressure
on the exterior of firing head 10 therethrough into the
chamber defined between the seals 186 and an additional
floating piston 192 sealed at its outer surface against the
interiér surface of the housing 128 by additional O-ring seals

194 and sealed against the rod 120 by still further O-ring
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seals 196 between the floating piston 192 and the rod 120.

The volume 200 between the interior wall of the housing 28,
the rod 120, the piston 192 and the retaining member 96 is
filled with a clean fluid, such as oil or diesel fuel. Piston
192 has a plurality of ports therethrough closed by a shim 193
held within piston 192, Like shim 174 of piston 170, shim 193
prevents buiid up of a pressure differeptial between the
volume 200 and the exterior of the firing head 10. A rupture
disc retainer 201 having a port therethrough closed by a
rupturable disc 202 is threadedly received in the outer wall
of housing 28, so that the disc 202 is exposed to pressure in
the volume 200 on its interior side and exposed to borehole
pressure on its exterior side. Disc 202 is selected so that
it spontaneously ruptures when the pressure differential
across it exceeds 500 psi (3.5 MPa). Accordingly, a means is provided
for releasing pressure which might be trapped in volume 200
when the firing head 10 is retrieved from the borehole.

One possible downhole arrangement utilizing the
firing head of Figures of 1A and 1B is shown in Fiéure 2 which
illustrates a portion of a borehole formed in the earth and
1ineé with & casing 210. A tubing string 214 is coupled at
its lower end to the pin end 14 of disarm sub 12 of the firing
head 10. The box end 36 of the firing head 10 is threadedly
coupled to a string of perforating guns 218 extending
downwardly therefrom and positioned opposite a portion 220 of

the casing 210 which it is desired to perforate with the guns
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218. Coupled to the guns at their lowermost extremity is a
shot detection device 222 which is operative to provide a
signal transmitted upwardly through the tunbing string 214 to
the wellhead after a time delay provided by a combustive time
delay element incorporated within the shot detection device
222. Shot detection device 222 may be, for example, that
disclosed -in U.S. Patent Application Serial No. 505,911 filed
June 20, 1983 in the names of Edward A. Colle, Jr., et al.
entitled METHOD AND APPARATUS FOR DETECTING FIRING OF
PERFORATING GUN,

Once the guns 218 have been positioned adjacent the
desired location 220, a packer 226 carried by the tubing
string 214 and positioned above the firing head 10 is set to
isolate the casing annulus therebelow from the annulus above
the packer. In the particular arrangement of Figure 2, the
firing head 10 is actuated to fire the perforating guns 218
through a two-step procedure, wherein (1) tubing pressure
which is applied through the port 48 of disarm piston 12 is
increased above a first predetermined value in excess of
hydrostatic pressure, thus to arm the firing head 10, and (2)

the firing head is thereafter fired by reducing the tubing

_pressure to a second pressure level. With reference to

Figures 1A and 1B, tubing pressure is applied through the port

48 through pin end 14, as indicated above. The pressure in

volume 175 is thus increased accordingly. This pressure is

applied substantially undiminished through the floating piston
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170 to the volume of clear fluid 177 on its opposite side.
Since at this time a fluid pressure path exists from the
volume 177 through the ports 141, 142 and 12B to the floating
piston 176, the nitrogen gas previously stored in volume 181
is in equilibrium with the pressure in volumes 177 and 175

through the floating piston 176.

As the pressure in the volume 177 is thus increased,
the force across the piston 132 produced by fluid pressure -
against the extremity thereof adjacent volume 177 and the
surface thereof defining the first extremity of the air
chamber between the portion 133 of the piston 132 and the
recess 123 correspondingly increases, until the pins 139 fail
and the piston 132 slides within piston 122, abutting the
piston stop 140. O-rings 146 thus form a fluid—tight seal
between portion 135 of piston 132 and recess 123 of piston
122, sealing off port 141 from volume 177. It will be seen
that £luid pressure within the nitrogen chamber 181, as well
as fluid pressure exerted against wall 129 of the piston 122
opposite the pin end 14 of firing head 10 is thus trapped. It
will be appreciated that it is not necessary to know the
hydrostatic pressure precisely when applying tubing pressure
in this manner.to arm the firing head 10, since it is only
necessary to increase tubing pressure sufficiently so that it
is reasonably certain that the shear pirns 139 have broken.

It will also be seen that if, for any reason the firing head

does not arm in this manner, the procedure may be repeated
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with relative ease and expeditiously. The force of the pisQJ 84377
132 striking the wall 127 is largely absorbed by the piston
stop 140. This helps prevent damage to the apparatus, and

also helps prevent premature firing of the firing head 10 by

5 minimizing the shock experienced by shear pins 112 when piston

10

15

20

25

132 impacts éhe stop 140.

With reference again to Figure 1B, it is seen that
lower annulus pressure is communicated within the housing 28
through thg ports 190 and thus is applied through the floating
piston 192 to the clean fluid in the volume 200. The fluid
pressure in the volume 200 is applied to the surface of the
plunger 94 opposite the firing pin 86, which is restrained
against striking the detonation initiator 80 so long as the
balls 108 are retained within the neck 106 of the housing 96.
As the tubing pressure is reduced subsequent to the increase
vhich armed the firing head as described above, the force
across the piston 122 produced by the pressure égainst its
wall 129 opposite the pin end 14 and the reduced pressure on
the opposing side of the piston 122 is coupled.through the rod
120 to the release member 110. Wwhen this force becones
sufficiently great, the shear pins 112 fail so that the piston
122 is driven towards the pin end 14, thus pulling the ball
release 110 off the neck 106 and freeing the balls 108 holding
the plunger 94. The firing pin 86 is then driven into the

initiator 80 by hydrostatic pressure applied to the opposite
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side of plunger 94, so that initiator B0 yields a detonating

output at its opposed end to fire the guns 218.

It will be appreciated that the firing head 10 may
be arranged for arming and firing through a wide range of
fluid pressure values, determined from time to time simply
through the proper selection of the shear pins 112 and 139,
accordingly, it is possible to provide a firing head, or other
explosion initiator, which is to be fired either at, above or
below hydrostatic pressure. The firing head of the instant
embodiment is particularly useful where it is desired to
perforate the casing of a borehole with an uynderbalanced
condition and requiring only the adjustment of tubing pressure

to carry out the firing sequence.

In one exemplary method, the guns 218 and firing
head 10 are run into the well on tubing 214 and, prior to
setting the packer 226, a light fluid is pumped down the
tubing to.circulate drilling mud out of the tubing string 214
through the ports 46 of disarm sub ]2. If a sufficient
underbalance is thereby achieved, the pacger 226 is then set.
If it is desired to reduce the pressure opposite the interval
220 at the time of perforation to an even lower value, the
fluid in the tubing 214 can be circulated out by pumping
nitrogen down the tubing and then se£ting the packer 226, or
by setting the packer and then swabbing out a desired amount

of fluid from the tubing 214. If there is then a full column
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.of light fluid in the tubing 214, pump pressure may be

increased so that the pressure applied through the port 48 of
the firing head 10 is increased sufficiently to arm the firing
head. If there is not & full column of fluid in the tubing
214, nitrogen may be pumped down on top of a partial column of
fluid to achieve the necessary arming pressure. Thereafter,
either pump‘pressure is reduced or nitrogen is hled off until
the predetermined firing pressure is achieved, whereupon the

guns 218 are fired by the firing head 10.

When it is desired to disarm the firing head 10,
this can be achieved principally through the provision of
disarming means responsive to an increase in the pressure
applied across the disarm piston 40, for example, applied
through the tubing, causing the piston 40 to shift and
effectively prevent subsequent actuation of the firing head.
With reference to Figure 1A, the disarm sequence for the
particular embodiment of Figures 1A and 1B involves first,
dropping the disarm plug 54 (Figure 1A) downwardly through the
tubing to seat in the port 48 of the disarﬁ piston 40. The
chevron seals 58 in the disarm plug 54 form a fluid-tight seal
against the walls of the port 48, so that tubing pressure may
be increased to produce a pressure differential across the
disarm piston 40. When this pressure differential exceeds a
predetermined amount, the shear pins 50 holding the disarm
piston immovable with respect to the dlsarm sub 12, fail so

that the piston 40 shifts inwardly of the pin end 14. Since
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the disarm sleeve 64 ip coupled to the piston through the
screws 70, the disarm sleeve likewise shifts downwardly away

from the pin end 14.

Eight ports 230 (of which only two are shown in
Figure 1A) are provided through the disarm sleeve 64 and four
additional ports 232 are provided through the intermediate sub
23 communicating the exterior thereof with the fluid volume on
ﬁhe side of piston 122 opposite the pin end 14. So long as
the disarm sleeve 64 is in the position shown in Figure 13,
the ports 232 are sealed against fluid communication with
exterior of the firing head 10 by virtue of two O-ring seals
234 provided on opposite sides of the ports 232 and sealing
the outer surface of the sub 23 against the interior of the
disarm sleeve 64. When, however, the disarm sleeve 64 has
been shifted away from the pin end 14 through the motion of
the piston 40, the ports 230 in the sleeve 64 are aligned with
the ports 232 through the sub 23, so that the fluid volume on
the side of the piston 122 opposite the pin end 14 is thereby
brought into fluid pressure communication with the exterior of
the firing head 10. At the same time, the f£fluid pressure in
the volume 175 is maintained in communication with the
pressure on the exterior of the firing head 10 through: the
ports 44 in the piston 40 and the slots 66
in the disarm sub 12. As noted above, the egualizing piston
170 maintains the pressure in the volume 177 equal to that in

the volume 175. Accordingly, the pressure across the piston



10

15

20

25

30

0184377

122 is thereby eqgualized, so that if the firing head has not
yet fired, it is then disabled from firing. When the piston
40 shifts due to the application of pressure to disarm the
firing head, the seal 42 on piston 40 slides past ports 46.
This communicates the exterior of the firing head 10 with the
intefior of the tubing. Accordingly, when this happens, a
drop in tubing pressure occurs which i; detectable at the
surface. It is thus possible to detefmihe positively that the
firing head 10 has been disarmed. This is particularly
advantageoué in operations, such as drill stem testing, where
it is the normal practice to retrieve the tool string from the
well when the operation is completed, since the perforating
guns may be brought to the surface with the foreknowledge that
the firing head is disarmed.

The invention also includes in addition to or
separate from thé invention claimed, the following features:
1, An apparatus for actuating a device downhole in a
borehole, comprising: a body; a port for admitting fluid
pressure into the body; and means within the body in fluid
pressure communication with the port for actuating the device
in response to (a) a.fluid pressure level communicated through
the port in excess of a first fluid pressure level greater
than the hydrostatic pressure level, followed by (b) a decrease
in the fLuid.pressure 1e§el communicated through the port from
the first fluid pressure level to a second fluid pressure level
less” than the first fluid pressure level.
2. . . Apparatus according to paragraph 1, wherein the body
is adapted to be coupled to a tubing string in the borehole and
the port is positioned on the body such that the port is in

fluid pressure communication with the interior of tLhe thbing
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string when the body is coupled thereto.

3. Apparatus according to paragraph 1 or 2, wherein
the body is adapted to be coupled to a perforating gun

and the meéns for actuating the device is adapted to
actuate a perforating gun.

4. Appératus according to paragraph 1,2 or 3, wherein

the means for actuating the device comprises: means for

.storing a fluid pressure level greater than the second

fluid pressure level in response to the application of
fluid pressure through the port in excess of the first
fluid pressure level; and means for actuating the explosive
device in response to the stored fluid pressure level and

the application of the second fluid pressure level through

the port.
5. Apparatus according to paragraph 4, wherein the
storing means comprises: a fluid pressure chamber in the

body; a fluid pressure passageway communicating fluid
pressure from the port to the fluid pressure chamber; and
means for closing the fluid pressure passageway in response
to the communication through the port of a fluid pressure
level in excess of the first fluid pressure level.

6. Apparatus according to any of paragraphs 1 to 5,
further comprising disarming means for rendering the
actuating means inoperative through the application of
fluid pressure to the disarming means.

7. : The apparatus of paragraph 6, wherein the
disarming means is arranged to be responsive to an increase
in pressure applied to at least a portion thereof to
disarm the actuating means.

8. Apparatus according to paragraph 1, wherein

the body comprises a tubular member having a threaded
coupling at a first end thereof adapted to make a threaded
connection with a tubing string and the port is formed

in the tubular member at the first end thereof to
communicate fluid pressure between the interior of the

tubular member and the interior of the
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tubing string; and wherein the actuating means
comprises a fluid pressure chamber within the tubular
body; a fluid pressure passageway formed within the
tubular body for communicating fluid pressure from the
port to the fluid pressure chamber; means for closing
the fluid pressure passageway in response to the
communication through the port of a fluid pressure in
excess of the first fluid pressure level to store a fluid
pressﬁre level in the fluid pressure chamber; and

means for actuating the device in response to the stored
fluid pressure level and the application of the second
fluid pressure level through the port.

9. Apparatus according to paragraph 8, wherein

the means for closing the fluid pressure passageway
comprises a piston disposed in the tubular body and
exposed at a first surface to fluid pressure in the fluid
pressure passageway and exposed at a second, opposed
surface to a predetermined fluid pressure, the piston
being operative to slide within the tubular body thus to
block the fluid pressure passageway when the fluid pressure

therein exceeds the first fluid pressure level.
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CLAIMS:
1. An apparatus (10) for actuating an explosive
device downhole in a borehole, comprising: means (122,133)

for actuating the explosive device in response to a
stimulus; and means (40,54,64,230,232) for disarming
the actuating means in response to the application of

fluid pressure thereto.

2. Apparatus of claim 1, wherein the actuating
means comprises a firing device (86) for a perforating

gun.

3. Apparatus according to claim 2, wherein the

firing means is fluid pressure responsive.

4. Apparatus according to claim 1,2, or 3, wherein
the disarming means comprises a piston (40) having a
normally open port (48) extending therethrough, the
disarming means being inoperative so long as the port is
open, and a sealing device (54) adapted to close the

port such that the disarming means is rendered operative,
and wherein the port is preferably operative to admit

an actuating fluid pressure to the actuating means when

the port is open and operative to prevent the appli-

cation of an actuating fluid pressure to the actuating means

when closed by the sealing device.

5. Apparatus according to claim 3, wherein the
pressure responsive firing means comprises a first piston
(122) responsive to a force differential thereacross
produced by fluid pressure to actuate the firing means; and
wherein the disarming means comprises means (40, 54)
responsive to a force differential thereacross produced by
fluid pressure to equalize the force across the first piston

of the firing means.
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6. Apparatus according to claim §, wherein the
disarming means comprises a second piston (64) operative
to open a fluid pressure port in the apparatus thus to
expose at least a portion of the first piston to an

equalizing fluid pressure.

7. Apparatus according to claim 1, wherein the
disarming means comprises a first piston (40) operative

to shift position in response to the application of

fluid pressure thereto, the first piston being mechanically
coupled with the disarming means to render the actuating
means inoperative when the first piston shifts in

response to fluid pressure.

8. Apparatus according to claim 7, wherein the
actuating means comprises a second piston (122) .responsive
to fluid pressure to actuate the explosive device, and
wherein the first piston is operative to shift a member
(64) of the disarming means when the first piston shifts
in response to fluid pressure, such that the member opens
a fluid pressure port in the actuating means to expose

at least a portion of the second piston to an equalizing

fluid pressure.

9. Apparatus according to any preceding claim,
further comprising means for producing a signal
detectable at the surface of the borehole in response

to the actuation of the disarming means.

10. Apparatus according to any preceding claim,
wherein the disarming means is responsive to an increase
in pressure applied to at least a portion thereof to

disarm the actuating means.
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