
1                EP 0 481 571 B1                     2 Description
scribed by way of example only, with reference to the accompanying
drawings, in which: The present invention relates to apparatus for
FIGURES 1A-B depict an embodiment of per- perforating a well, more
particularly to a firing head  forating equipment assembly in accordance
with for a well perforating gun.                    5      the present
invention, disposed within a well, In oil and gas wells, it is often
desirable to    illustrated partially in vertical section. obtain
production from multiple zones in a single     FIGURES 2A-B depict elements
of the perforat- well. In such wells, it may be desirable to perforate  ing
assemblies as shown in FIGURE 1 in greater and produce from more than one
formation within a     detail, and partially in vertical section. single
zone. Particular problems may he encoun-   10  FIGURES 3A-B depict a firing
head assembly as tered when these formations are widely spaced.
shown in FIGURE 2B in greater detail, and par- For example, it is known to
perforate and produce     tially in vertical section. formations located a
thousand feet or more apart      FIGURE 4 depicts the actuation mechanism
as as a single zone. Difficulties presented in such      shown in FIGURES
2B and 3B in greater detail, situations include, for example, difficulties
in obtain-  15  and partially in vertical section. ing reliable actuation
of the detonating mechanism    FIGURE 5 schematically depicts components of
for the perforating guns, and particularly doing so   the detonation
mechanism as shown in FIGURE while maintaining a desired underbalance on
the       4 in an exploded view. formations at the time of perforating.
FIGURE 6 depicts a portion of the detonation Additionally, in many
operations it is preferable;  20  mechanism of FIGURE 5, in horizontal
section. to detonate the perforating guns through use of       FIGURES 7A-B
depict an alternative firing head hydraulic pressure rather than by passing
a me-       assembly in accordance with the present inven- chanical
detonating mechanism, such as a detonat-    tion, illustrated, partially In
vertical section. ing bar, or "go devil", through the tool string. It is
Referring now to Figures 1A-B, therein is sche- also preferable to have
spare firing mechanisms to  25   matically depicted one example of a
perforating optimize reliability of detonation of the perforating
equipment assembly 10 in accordance with the guns. Prior art techniques
utilizing spare (redun-  present invention and situated inside a well 12 In
dant) firing mechanisms have required the pres-    which casing 13 has been
set. Well 12 includes an surization of the annulus in the well adjacent the
upper zone 14 and a lower zone 16. Upper zone 14 zone to be perforated.
Such pressurization of the   30  is adjacent two spaced formations to be
perforated, annulus can eliminate the ability to establish a  18 and 20.
Lower zone 16 is adjacent a single desired pressure balance, typically an
underbal-   formation to be perforated 22. ance, between the perforated
formation and the         Perforating equipment assembly 10 includes a
wellbore, to obtain optimal perforation of the forma-  long string assembly
24 and a short string assem- tion
35  bly 26, coupled together by a dual packer 28. Dual US-A-4655298
discloses a firing mechanism      packer 28 may be of any conventional
type, and, actuated by a predetermined pressure differential  as will be
apparent from the discussion to follow, between the annulus pressure above
a packer and    may be either mechanically or hydraulically set. the
interior of the tool string. US-A-4629001 de-   Short string 26 may be
simply a string of tubing scribes a back-up detonator which is operated by
40  coupled to dual packer 28 to form a flow path. building up
exceptionally high pressure in the an-  However, for practical reasons, a
nipple seating nulus below the packer.              .             profile
30 or other closure device will preferably be The invention provides a
firing head for a per-  provided in short string 26. It should be clearly
forating gun, comprising: a housing including a first  understood that the
term "tubing" as used herein chamber in fluid communication with a tubing
45   may refer to drill pipe, completion tubing, produc- string, and a
second chamber in fluid communica-  tion tubing or other similar tubular
members suit- tion with the well annulus surrounding said firing  able for
forming the flow paths described and illus- head; an actuator piston
movably responsive to     trated herein. Similarly, unless identified
otherwise, fluid pressure in said first chamber; and a detona-  connections
between tubular or housing members tion assembly comprising, a firing
piston,a locking   so  will be by way of conventional "pin" and "box"
assembly for retaining said firing piston in a first  threaded couplings.
position, said locking assembly being releasable by    Long string assembly
24 includes a tubing movement of said actuator piston, and means for
string 25, also coupled to dual packer 28. Coupled causing movement of said
firing piston in response   to tubing string 25 beneath dual packer 28 in
long to pressure in said second chamber of said hous-  55  string assembly
24 are two functionally identical ing after said locking assembly is
released.       perforating assemblies, indicated generally at 30a In order
that the invention may be more fully   and 30b. A seating profile 31 for a
plug may also understood, embodiments thereof will now be de-    be
included in long string assembly 24. The struc- 2    



3                 EP 0 481 571 B1                    4 ture of perforating
assemblies 30a and 30b will    a fluid path 43 which allows communication
from preferably be essentially identical. However, as will  flow path 46,
through adapter sub 48 and swivel be apparent to those skilled in the art,
the length of  50, to firing head assembly 52. the perforating gun or guns,
indicated generally at    Firing head assembly 52 is depicted in Figure
32a, 32b, in each perforating assembly 30a, 30b   5   2A, while firing head
assembly 58 in Y-assembly may be varied to facilitate perforation of the
de-  56 is depicted in Figure 2B, as well as in Figures sired interval.
3A-B and 4, Firing head sub 51 and Y-assembly 56 Beneath perforating
assemblies 30a and 3Ob in   each preferably include housing assemblies, for
long string assembly 24 is a packer 34 which       firing head assemblies
52 and 58, respectively. isolates upper zone 14 from the lower zone 16 of
10   These housing assemblies include corresponding well 12. Packer 34 may
be either carried Into the  components, Including swivel portions.
Additionally, hole as an integral portion of long string assembly  the
operating mechanisms of firing head assembly 24, or it may be set in the
well, such  as by      52 and firing head assembly 58 are preferably
wireline, and long string assembly 24 stabbed into  identical.
'Accordingly, only the  housing  and it. Beneath packer 34 is a
conventional perforating   15  mechanism  of firing head assembly 58 will
be assembly 35 including a perforated nipple 36, a    discussed herein in
detail. Corresponding compo- firing head 38 and a perforating gun 40.
Perforated  nents in firing head sub 51 and firing head assem- nipple 36
can be one of many conventional appara-  bly 52 have been identified with
identical numerals. tus adapted to provide a fluid path from lower
Because both firing head assembly 52 and firing annulus 37 into long string
assembly 24. As will be , 20  head assembly 58 are in fluid communication
with discussed in more detail later herein, firing head 38  flow path 46 in
long string assembly 24, firing head is preferably a hydrulically actuated
firing head.  assembly 52 and firing head assembly 58 will be However,
firing head 38 may also be a mechani-   responsive, essentially
simultaneously, to fluid cally actuated firing head. As can be seen in
Figure  pressure in flow path 46. 1, tubing string 25 extends from  the
surface,  25    . Referring now primarily to Figure 2B, therein is through
both perforating assemblies, to perforating  depicted an exemplary
Y-assembly 56 In accor- assembly 35.
dance,,with the present invention, illustrated par- Referring now also to
Figures 2A-B, therein are  tially in vertical section. Y-assembly 56
includes a depicted portions of perforating assemblies 30 in  Y-housing 62
and a firing head housing assembly, greater detail and partially in
vertical section.Each   30  indicated generally at 63. Y-housing 62
includes perforating assembly 30 extends from an upper      conduit 64
which forms a portion of flow path 46, branching block, or Y-block, 42 to a
lower branch-  one or more conduits 66a, 66b, and a first piston ing block
assembly, or Y-assembly, 56. Y-block 42  chamber 68. Conduits 66a, 66b
provide fluid com- and Y-assembly 56 facilitate the establishing of two
munication between flow, path 46 and piston cham- coextensive strings. A
primary string includes one  35  ber 68. or more lengths of tubing 44 which
form a portion      Firing head housing assembly 63, together with of
tubing string 25. Tubing string 25 and Y-block 42  piston chamber 68, and
their associated compo- and Y-assembly 56 cooperatively define a flow
nents form firing head assembly 58. Firing head path 46 throughout long
string assembly 24. A      housing assembly 63 includes a ported housing 70
secondary string includes equipment to perforate  40   which is coupled to
a swivel, indicated generally at the well and components to facilitate
assembly of  72. Swivel 72 includes a swivel sub mandrel 74 perforating
assembly 30. Coupled to Y-block 42 in  rotatably coupled to ported housing
70 by swivel the secondary string is an adapter sub 48 and a    retainer
76. Swivel sub mandrel 74 couples to swivel 50. Swivel 50 is included to
facilitate assem-  housing 78 which is coupled to sub 80 attached to bly of
perforating assembly 30 and many be of a   45  perforating gun 32. Swivel
72 allows housing 78 conventional type. Preferably, swivel 50 will be a
and components connected thereto to rotate rela- telescoping swivel.
Adapter sub 48 is included to  tive to ported housing 70 to facilitate
makeup of allow the adjustment of the length of the secondary  perforating
assembly 30. Ports 71 in ported hous- string to facilitate assembly of
perforating assembly  ing 70 facilitate fluid communication between the 30
Located beneath swivel 50 is firing head sub 51   50   well annulus
surrounding firing head housing as- which includes a firing head
assembly.52. Firing   sembly 63 and the interior of firing head housing
head sub 51 is then coupled to perforating gun 32.  assemble 63. At the
lower extreme of perforating gun 32 is Y-      Firing head housing assembly
63', of firing assembly 56, Y-assembly 56 also includes a firing  head sub
51, differs from firing head housing as- head assembly, indicated generally
at 58. Y-as-  55  sembly 63 in that firing head housing assembly 63' sembly
56 contains conduits 66a, 66b which form a  includes a sub 73 in place of
Y-block 62. fluid path between flow path 46 and firing head       In this
preferred embodiment, firing head as- assembly 58. Similarly, Y-block 42
(Fig 1) includes  sembly 58 is responsive both to tubing string fluid 3    



5.            EP 0 481 571 B1                       6 pressure, in flow
path 46, and to annulus pressure.  and particularly within the chamber
122', working Tubing pressure is utilized to unlock the firing:  against
the atmospheric pressure in third chamber mechanism to allow the firing pin
to move to strike  128. Striking piston 86 will be retained by a shear the
initiator charge. However, annulus pressure is  pin 90 which will be
selected to shear at a desired utilized to cause the firing pin to actually
strike the   5   actuating pressure as created by actuation mecha-
initiator to cause detonation of the perforating gun.  nism 84. Firing head
assembly 58 includes a detonation     Coupled to end 130 of detonation
extension mechanism, Indicated generally at 82, responsive  122 is a
housing extension, indicated generally at to an actuation mechanism,
indicated generally at  132. Housing extension 132 defines a central ap-
84. Referring now also to Figures 3A-B, therein is  10  erture 134 which-
will cooperatively provide a depicted detonation mechanism 82 and actuation
mechanism for communicating the ignition of in- mechanism 84 in greater
detail, and partially in  itiator 126 to perforating gun 32. Preferably,
ap- vertical section, Detonation mechanism 82 includes  erture 134 will
house a length of an explosive a striking piston 86 retained within a bore
87 in  carrier, such as primacord 136, fitted with a booster housing 88.
Striking piston 86 is longitudinally mov-   15  charge 138a, 138b at each
of its ends. Housing able relative to housing 88 but is initially secured
in  extension 132 will preferably couple to an internal a first position by
a shear pin 90. Striking piston 86  portion of sub 80 which couples, in
turn, to per- includes a first end 92 adapted to receive an im-  forating
gun 32. Booster charge 138b will be pact to shear shear pin 90 and cause
longitudinal  housed in sub 80 proximate the coupling with per- movement of
striking piston 86 relative to housing   20  forating gun 32. Housing 78
couples, at an external 88. Striking piston 86 is retained within housing
88    portion, to sub 80. at all times by the cooperation of a notch 94 in
Longitudinal movement of striking piston 86 is striking piston 86 and a pin
96 which cooperatively  caused by actuation mechanism  84. Actuation
engages notch 94 and a recessed. aperture 98 in   mechanism  84. includes
an actuator piston 140 housing 88.                                   25
housed within piston chamber 68 of Y-housing 62. Referring now also to
Figures 5 and 6, therein  Actuator piston 140 is sealingly received In bore
are depicted portions of detonation mechanism 82   142 of piston chamber
68, and is retained in bore in greater detail, A second end of striking
piston  142 by  a piston retaining ring 144. Piston retaining 86, indicated
generally at 108, includes a first por-  ring 144 is secured by shear pins
146 to an adjust- tion 110 of reduced diameter. Second end 108 of  30  able
shear pin seat 148. Adjustable shear pin seat striking piston 86 also
includes a second portion  148 is threadedly coupled, at 150, to Y-housing
62. 112 of enlarged diameter relative to first portion  As can be seen in
Figure 3B, actuator piston 140 Is 110 of striking piston 86. Second portion
112 of  held against seating shoulder 152 by piston retain- striking piston
86 and an end portion 115 of hous-  ing ring 144. Threaded adjustment 150
on shear ing 88 extend into a recess 113 in one end of a   35  pin seat 148
facilitates the adjustment of the Ion- firing piston 114. Firing piston 114
is secured in  gitudinal placement of piston retaining ring 144 to fixed
position relative to housing 88 by a plurality  assure that actuator piston
140 is securely seated of collets 116 which cooperatively engage aper-
against shoulder 152. This secure seating of ac- tures 118 in housing 88
and a groove 131 within    tuator piston 140 will assure that pressure
fluc- recess 113 of firing piston 11.4. Collets,116 are  40  tuation in
flow path 46 will not cause unwanted held in position by second portion 112
of striking  movement of actuator piston 140 which could lead piston 84.
The second end 121 of firing piston 114  to premature shearing of shear
pins 146. sealingly engages a bore 120 in a detonation ex-       Retained
within a longitudinal bore 154 in ac- tension 122, which is coupled to
housing 88. A    tuator piston 140 is a telescoping firing rod 156. firing
pin 123 is secured to the second end. 121 of  45  Firing rod 156 is held in
a first longitudinal position firing piston 114. Detonation extension 122
includes  relative to actuator piston 140 by a shear pin 158. ports 125 to
assure fluid communication between   A lock ring 160 is secured in
concentric relation to annulus pressure and a second chamber 122'
the path of actuator piston 140 by a lock ring Firing pin 123 is designed
to detonate an in-   retaining member 162. Actuator piston 140 includes
itiator charge 126 which is sealingly retained within  50  a peripheral
groove 164. Lock ring 160 is prefer- an enlarged bore 124 in detonation
extension 122.  ably a split ring type retaining ring adapted to The
sealing engagement of second end 121 of        engage peripheral groove 164
when actuator piston firing piston 114 with bore 120 and of Initiator 126
140 is moved from its resting position to a second, with bore 124 forms a
sealed chamber 128 which     actuated, position, and to thereby secure
actuator will be at atmospheric pressure. Accordingly, sec-  55  piston 140
in such second position. ond end 121 of firing, piston 114 constitutes a
fluid  Referring now also to Figure 4, therein is responsive piston which
is responsive to annulus   shown actuating mechanism 84 in the second, ac-
pressure inside firing head housing assembly 63,   tuated, position. In
operation, firing head assembly 4    



7                EP 0 481 571 B1                      8 58 operates as
follows. Once pressure in flow path    Referring now to Figures 7A-B,
therein is de- 46, and thereby in piston chamber 68 reaches a       picted
an alternative embodiment of a firing head threshold level, as determined
by shear pins 146,    assembly, in particular a time delay firing assem-
actuator piston 140 will shear shear pins 146, and   bly, indicated
generally at 180, suitable for use with will travel longitudinally toward
detonating mecha-   5   the present invention. Time delay firing assembly
nism 82. Telescoping firing rod 156 will contact     180 is responsive to
the same actuation mecha- striking piston 86 and move it longitudinally. As
nism 84 as used with firing head assemblies 52 striking piston 86 is moved,
recessed portion 110    and 58. Additionally, time delay firing assembly of
striking piston 86 is brought into coextensive    180 utilizes a detonation
mechanism, indicated relation with collets 116. The reduced diameter of  10
generally at 182, which is substantially identical to section 110 allows
collets 116 to fall out of engage-  that used in firing assemblies 52 and
58. Accord- ment with the groove 131 in firing piston 114.       ingly,
corresponding components have been num- Annulus fluid pressure in housing
63, acts,through  bered identically. As will be apparent from the pprts
125, on firing piston 114, driving it longitudi-  discussion to follow, in
the time delay firing assem- nally with sufficient impact to cause firing
pin 123   15  bly firing piston 114 will impact a primer assembly to ignite
initiator 126. In a preferred embodiment,  192 rather than an initiator.
1000 psi (6.89MPa) annulus pressure is sufficient       Time delay firing
assembly 180 is contained to drive firing piston 114.
within a housing assembly 181 which is preferably Those skilled in the art
will recognize that firing  similar to firing head housing assembly 63 of
firing head assembly 58 may therefore be actuated by   20    head assembly
58. As is apparent from the Fig- much lower annulus pressure than is
required by      ures, housing assembly 181 differs from firing head
conventional annulus pressure firing heads. Addi-    housing assembly 63
only slightly to accommodate tionally striking piston 86 does not have to
be    different internal components and to facilitate as- shear pinned at a
level above anticipated annulus         sembly. hydrostatic pressure,
which.may be difficult to an-   25  . In time delay firing assembly 180,
second end ticipate with precision.                             182 of
housing 88 is preferably threadably coupled Initiator 126 will ignite and
communicate its    to a detonation block 184. Detonation block 184 is
ignition through booster charge 138a, primacord    sealingly received
within a sleeve 186, and sleeve 136 and booster charge 138b to detonate a
similar    18 is sealingly received within a bore 188 in lower booster
charge (not illustrated) in perforating gun   30  housing 190. 32a.
Accordingly, the mechanical actuation of strik-    Located at the end of
detonation block 184 is a ing piston 86 releases firing piston 114 and
allows  primer assembly 192, Primer assembly 192 is a the well annulus
pressure to drive firing piston 114  conventional ignition charge adapted
to ignite upon with a substantial force to assure sufficient impact  impact
by firing pin 123. Primer assembly 192 Is for ignition of initiator 126.
35  secured to detonation block 184 by a primer block When striking piston
86 provides an estab-       194 which is preferably boltably secured to
sleeve lished resistance to the movement of firing rod 1.56,  186. Primer
block 194 includes a passage 196 as determined by shear pin 158, shear pin
...58 will  which allows the jet of hot gasses emitted by the shear, and
telescoping firing rod 156 will move    ignition of primer assembly 192 to
enter a chamber longitudinally into bore. 154. When actuator piston   40
198 in housing 190. Secured within chamber 198 is 140 approaches the end of
its range of travel, lock  a delay element assembly 200. ring 160 will
engage recess 164 in actuator piston      Delay element assembly 200 is
preferably 140 and lock it in position. Thus, telescoping firing
threadably secured at 202 to a receiving block 204 rod 156 will be retained
within bore 1.54,  but with-  which is sellingly received within a bore 206
In out any solid connection by which it could apply  45   housing 190.
Chamber 198 and the portion of bore additional force to striking piston 86.
Telescoping  208 in detonation block 184 beyond firing piston firing rod
156 also serves as a lost motion device   114 will be at atmospheric
pressure. to avoid excessive shock to detonation mechanism        Delay
element assembly 200 is a pyrotechnic 82, Similarly, actuator piston 140
will be locked in a  device which upon ignition of an internal initiator
fixed position within bore 142. Accordingly, subse-   50   will burn for a
period of time until detonating an quent changes in the pressure
differential between   explosive charge to detonate a booster charge to the
borehole annulus and in flow path 46 will not    detonate the perforating
gun. In a presently pre- cause movement of actuator piston 140, and there-
ferred embodiment, delay element assembly 200 fore wear of seals 162
between actuator piston 140   will burn for approximately seven minutes
after and bore 142. Accordingly, a secure seal will be   55  initial
ignition. However, other delay times clearly maintained between the
interior of firing head hous-  may be utilized. The structure of a delay
element ing assembly 63 and flow path 46.                    assembly
suitable for use with the present inven- tion is described in U.S. Patent
No. 4,632,034    9                EP 0 481 571 B1                 10 



issued December 30,1986 to Colle, Jr. The speci-   blies 30a and 30b during
the packer setting opera- fication of U.S. Patent No. 4,632,034 is incorpo-
tion. rated herein by reference.                             Because upper
zone 14 will be produced Coupled to lower end of housing 190 is a sub
through short string 24, underbalance, or overbal- 209 which includes a
central bore 210. Sub 209 is  5   ance, on upper zone 14 may be established
by a coupled to perforating gun 32. Contained within    desired fluid
column in short string 26. The desired bore 210 is a length of primacord
212 which ex-   under or overbalance may be established by con- tends
through perforating gun 32 (not illustrated)  ventional techniques such as
locating the desired and includes a booster charge 214 at a first end
fluid column In short string 26 as it is placed in the thereof. Booster
charge 214 and primacord 212   10  well, or by swabbing, etc. The only
pressure re- facilitate detonation of the perforating gun in a  quirement
for operating perforating assemblies 30a conventional manner.
and 30b is that there be a threshold hydrostatic Time delay firing assembly
180 operates simi-   pressure at the depth of upper perforating assem-
larly to firing head assembly 58. Once firing piston  bly 30a which is
sufficient to actuate the piston of 114 is released, firing pin 123 will
impact primer  is  the firing assembly utilized once the piston has
assembly 192. The jet of gasses and hot particles  been released in
response to pressure in long expelled through aperture 196 by the ignition
of   string 24. primer 192 ignites an ignitable pellet in delay ele-   When
it is desired to perforate upper zone 14, ment assembly 200, initiating the
time delay burn.  a first pressure may be established in long string When
the burn has completed its traversal of time  20  assembly 24. This first
pressure will be the thresh- delay assembly 200 an explosive pellet in
delay'.  old pressure necessary to shear shear pins 90 in element assembly
200 will detonate, causing deto-  the firing head subs 51 and firing head
assemblies nation of booster 214 and primacord 212 to deto-  58 in each
perforating assembly 30a and 30b. As nate perforating gun 32 in a
conventional manner.  described with respect to the firing head assem-
Completion of a well through use of completion   25  blies,,when the
threshold pressure is achieved, the equipment assembly 10 may be
accomplished as       striking piston of each firing head assembly will
follows. Packer 34 may be placed in the well at a  move allowing the
annulus hydrostatic pressure to desired location between upper zone 14 and
lower   drive the annulus pressure responsive piston, caus- zone 16. Packer
34 may be set in any desired       ing detonation of the initiator charge,
and con- manner, such as on wireline or on drill pipe, or may   30
sequently, detonation of the perforating guns. be run in the well 12 as a
component of long string    When the perforating guns detonate and the
assembly 24. If packer 34 is set independently,    formation and casing are
perforated, the flow of the long string assembly 24 is then run into the
well,  formations will be determined by the pressure es- perforating
assembly 35 is stabbed through packer  tablished in short string 26.
Accordingly, there is no 34, and the string is positioned on depth.
If.desired,  35  need to bleed off pressure from long string 24 or to a
radioactive marker may be included within long   perform any mechanical
manipulations to allow up- string assembly 24 and long string assembly may
per zone 14 to flow or produce freely. be positioned on depth in reference
to such mark-    In a particularly preferred embodiment, lower er. Once the
string is positioned on depth, dual  zone 16 will be perforated subsequent
to upper packer 28 will be set. Short string 26 may then be   40  zone 14.
When it is desired to perforate lower zone appropriately coupled to dual
packer 28, such as  16, .a second, greater, pressure may be established by
stabbing into packer 28 with an appropriate seal  in long string 24 which
will actuate a hydraulic assembly.  .
firing head 38 in perforating assembly 35 to deto- Where dual packer 28 is
a hydraulically set    nate perforating gun 40. Lower zone 16 may then
packer, the packer will preferably be. set in re-  45  be flowed or
produced independently of upper sponse to. pressure within short string
assembly 26.  zone 14 through long string 24. In such case, the packer may
be tested by insert-      Many modifications and variations may be ing a
plug 33 into profile 30 to close the short  made in the techniques and
structures described string bore through dual packer 28 and by applying
and illustrated herein without departing from the pressure in short string
26. Subsequently, the plug   so  spirit and scope of the present invention.
For ex- 33 may be removed, and pressure may again be       ample, the
firing head assemblies in each perforat- applied down. short string 26 to
test the packer. As  ing assembly may be adapted to detonate at dif-
another alternative, where dual packer 28 is to be  ferent pressures in
long string 24. In such an set in response to pressure in long string
assembly  embodiment, the perforating assemblies may be 24, it may be
desirable to include a profile 31   55  selectively activated to perforate
formations in the engagable with a plug in long string assembly 24  zone.
Accordingly, it should be clearly understood such that pressure in long
string 24 may be re-    that the embodiments described and illustrated
stricted to tubing situated above perforating assem-  herein are exemplary
only and are not to be con-    11                EP 0 481 571 B1
12 sidered as limitations on the scope of the present     Druck in der
besagten zweiten Kammer eine 



invention.                                             dritte Kammer (128)
auf einer Seite eines Tells des besagten SchieSkolbens umfaBt, die be-
Claims                                                 sagte dritte Kammer
hat im allgemeinen atmo- s       sphArischen Druck. 1. A firing head (58)
for a perforating gun, com- prising: a housing (62,63) including a first
Revendlcations chamber (68) in fluid communication with a tubing string
(46) and a second chamber (122')  1. Une tete de percussion (58) pour un
canon in fluid communication with the well annulus   10  perforateur,
comportant: un logement (62, 63) surrounding said firing head; an actuator
piston   comprenant une premibre chambre (68) en (140) movably responsive
to fluid pressure in      communication fluide avec une enfilade de tu-
said first chamber (68); and a detonation as-      bags (46), et une
seconde chambre (122') en sembly (82) comprising, a firing piston (114), a
communication flulde avec l'espace annulaire locking assembly (116) for
retaining said firing   15  du puits entourant la dite tete de percussion;
piston in a first position, said locking assembly   un piston
d'actlonnement (140) etant mobile- being releasable by movement of said
actuator       ment responsif & la pression du fluide dans la piston (140),
and means for causing movement        dite premiere chambre (68); et un
ensemble of said firing piston (114) in response to pres-    de detonation
(82) comportant, un piston de sure in said second chamber (120') of -said
20     percussion (114), un ensemble de verrouillage housing after said
locking assembly is re-          (116) pour retenir le dit piston de
percussion leased.                                            dans la
premibre position, le dit ensemble de verrouiflage pouvant etre lib~rd par
Is mouve- 2. A firing head according to claim 1, wherein         ment du
dit piston d'actionnement (140), et le said means for causing movement of
said  25         moyen pour causer le mouvement du dit pis- striking piston
in response to pressure In said    ton de percussion (114) en r~ponse a la
pres- second chamber comprises a third chamber            sion dans la dite
seconde chambre (120') du (128) on one side of a portion of said striking
dit logement apres quo le dit ensemble de piston, said third chamber being
at generally      verrouillage.est relach4. atmospheric pressure.
30 2. Une tite de percussion selon la specification PatentansprUche     .
1, dans laquelle le dit moyen pour causer le mouvement du dit piston
frappant en r~ponse 1. Ein Schie~kopf (58) fUr eine Lochpistole, be-
& la pression dans la dite deuxleme chambre stehend aus: einem  Gehause
(82, 63) ein-  35      comporte une trolsibme chambre (128) d'un
schlielflich einer ersten Kammer (68) in Flas-      cotd de la portion du
dit piston frappant, la dite sigkeitsverbindung mit einem Rohrstrang (46),
troisieme chambre 6tant a une pression g6n6- und einer zweiten Kammer
(122') in FlUssig-         ralement atmosph6rique. keitsverbindung mit dem
Bohrlochring, der den besagten SchieSkopf umgibt; einem Antriebs-  40
kolben. (140), beweglich auf Flissigkeitsdruck in der besagton ersten
Kammer (68) reagie- rend; und einer Detonationsgruppe (82) beste- hend aus
einem Schiefkolben (114), einer Sperrgruppe (116) zum Zurickhalten des be-
45 sagten Schieokolbens in einer ersten Stellung, wobei die besagte
Sperrgruppe durch Bewe- gung des besagten Antriebskolbens (140) aus- l6sbar
ist, und Mittel zur Veranlassung der Bewegung des besagten SchieSkolbens
(114)  so zur Reaktion auf Druck in der besagten zwei- ten Kammer (120')
des besagten Gehauses, nachdem die besagte Sperrgruppe ausgeldst ist. 2.
Ein Schie8kopf gemaB Anspruch 1, wobei das besagte Mittel zur Veranlassung
der Bewegung des besagten Schielkolbens zur Reaktion auf 7    EP 0 481 571
B1                   12 sidered as limitations on the scope of the present
Druck in der besagten zwelten Kammer eine invention.
dritte Kammer (128) auf einer Seite eines Teils 



des besagten Schiefkolbens umfalt, die be- Claims
sagte dritte Kammer hat im aligemeinen atmo- 5       spharischen Druck. 1.
A firing head (58) for a perforating gun, com- prising: a housing (62,63)
including a . first  Revendlcatlons chamber (68) in fluid communication
with a tubing string (46) and a second chamber (122')  1. Une tate de
percussion (58) pour un canon in fluid communication with the well annulus
1o  perforatour comportant: un logement (62, 63) surrounding said firing
head; an actuator piston   comprenant une premibre chambre (68) en (140)
movably responsive to fluid pressure In      communication fluide avec une
enfilade de tu- said first chamber (68); and a detonation as-      bage
(46), et une seconde chambre (122') en sembly (82) comprising, a firing
piston (114)3 a   communication fluids avec l'espace annulalre i locking
assembly (116) for retaining said firing  i1  du puits entourant la dite
t~te de percussion; piston in a first position, said locking assembly  un
piston d'actlonnement (140) dtant mobile- being releasable by movement of
said actuator      ment responsif b ia pression du fluide dans la piston
(140), and means for causing movement       dite premiere chambre (68); et
un ensemble of said firing piston (114) in response to pres-   de
detonation (82) comportant, un piston de sure in said second chamber (120')
of said  20     percussion (114), un ensemble de verroulliage housing after
said locking assembly is re-         (11.6) pour retenir Is dit piston de
percussion leased.                                            dans la
premibre position, le dit ensemble de verrouillage pouvant Stre liber6 par
le mouve- 2. A firing head according to claim 1, wherein         ment du
dit piston d'actionnement (140), et le said means for causing movement -of
said  25       moyen pour causer le mouvement du dit pis- striking piston
in response to pressure in said    ton de percussion (114) en r~ponse & la
pros- second chamber comprises a third chamber           sion dans la dite
seconde chambre (120') du (128) on one side of a portion of saidjstriking
dit logement aprbs quo le dit ensemble de piston, said third chamber being
at generally      verrouillage.est relache. atmospheric pressure.
30 2. Une tate de percussion selon la specification PatentansprUche
1, dans laquelle le dit moyen pour causer Ie mouvement du dit piston
frappant en r~ponse 1. Eln Schle~kopf (58) fUr eine Lochpistole, be-
A la pression dans la dite deuxieme chambre stehend aus: einem  Gehluse
(62,. 63).:ein-   35   comporte une troisibme chambre (128) d'un
schliefllch einer ersten Kammer (68): in .FlUs-    c8t4 de ia portion du
dit piston frappant, la dite . sigkeitsverbindung mit einem Rohrstrang
(46),      troisieme chambre etant a une pression g6nd- und einer zweiten
Kammer (122) in:FlUssig-         ralement atmosph6rique. keltsverbindung
mit dem .Bohrlochring. der den besagten Schiel~kopf umgibt; einem.
Antriebs-  40 kolben, (140), beweglich auf Fllssigkeitsdruck in der
besagten ersten Kammer (68) reagie- rend; und elner Detonationsgruppe (82)
beste- hend aus einem  Schiefkolben (114), elner Sperrgruppe (116) zum
ZurUckhalten des be-  45 sagten Schie~kolbens in einer ersten Stellung,
wobei die besagte Sperrgruppe durch .owe- gung des besagten Antriebskolbens
(140) aus- lIsbar ist, und Mittel zur Veranlassung der Bewegung des
besagten Schiel3kolboens (114)  50 zur Reaktion auf Druck in der
besagten.zwei- ten Kammer (120') des besagten Gehauses, nachdem die besagte
Sperrgruppe ausgelast ist. 2. Ein Schielkopf gem58 Anspruch 1, wobei dIas
besagte Mittel zur Veranlassung der Bewegung des besagten SchieBkolbens zur
Reaktion auf 7                   I1 I    3III 'L  HE1!l 11111 II IIII -   -
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