
0 132 330                      2 Description
employing an electric supporting cable, detonat- ing means like that in the
carrier may be enclosed This invention relates to a tubing conveyed well
in a pressure resistant housing that can be drop- perforating system
having an improved firing      ped into the well. Timing mechanism may be
mechanism.                                   5    employed for initiating
detonation or mechanical In completing well bores, it is desirable to use a
means actuable by a weighted member dropped large diametercasing-type gun
to efficiently perfo-  into the well, for example, may be provided for this
rate the casing and form passageways which        purpose. extend into the
formation and through which         We have now devised an improved tubing
formation fluids may flow into the casing. In many   10   conveyed
completion system embodying weight instances, where it is desired to
perforate long   actuated primary detonating means, whereby intervals of
the formation, a series of sequentially  inter alia means are provided to
guide the detonat- connected perforating guns is run into a cased well  ing
means into contact with a hollow cylindrical bore on the end of a tubing
string. In some        member of the gun, which member has explosive
instances, it may be desirable to isolate the   15   material therein.
formation during the perforating operation to       According to the
invention, there is provided a minimize contamination of the formation by
fluids  tubing conveyed completion system comprising: in the casing and to
subject the formation to a   tubing means extending from the surface of the
reduced pressure (below formation pressure) to     earth down a well bore
to a location therein; encourage the rapid flow of formation fluid into
20   perforating gun means connected to one end of the casing, after
perforation of the casing, to   the tubing means, the perforating gun means
attempt to wash or clear the perforations.        including: body means;
detonating cord means To accomplish the isolation of the formation
extending from the top of the body means through from the fluids in the
casing, the perforating guns  a portion thereof; tubing connector member
may be sequentially connected below a packer   25   means having one end
connected to the body having a perforated nipple connected to the
means and the other end connected to the tubing bottom threreof. When the
string of perforating   means; and weight actuated 'primary detonating guns
is connected below a packer having a         means adapted to move through
the tubing perforatednippleconnectedtothebottomthereof,      means, contact
the perforating gun means, and since the pressure in the well bore below
the   30   cause detonation; characterised in that the per- packer may be
reduced by the control of the level  forating gun means further includes
connector of fluid in the tubing string used to convey the   plug means
secured to the top of the body means, packer and perforating gun, a large
pressure      one end of the detonating cord means being differential may
exist between the interior of the  secured in said plug means; hollow
elongated perforated casing and the formation surrounding    35
cylindrical member means secured to the connec- the perforated casing which
may facilitate the    tor plug means; explosive means retained within
formation fluids flowing into the casing washing   the hollow elongated
cylindrical member means, or cleaning the perforations.
said explosive means being detonated by the In some instances, when using
tubing conveyed    weight actuated  primary detonating means perforating
guns, it may be desired to use a sinker   40   retained within the hollow
elongated cylindrical bar having a firing mechanism attached thereto to
member means and thereby causing detonation of actuate the perforating
guns. Typically, when     the detonating cord means of the perforating gun
using a sinker bar to actuate a string of perforating  means, and wherein
the tubing connector member guns, detonation of the guns is usually accom-
means further comprises spring centralizer finger plished from the top gun
of the series when the   45   means disposed within the upper portion of
the sinker bar detonates a primer cord explosive in the  tubing connector
member means having a portion top gun which, in turn, detonates the shaped
thereof surrounding the hollow elongated cylindri- charges in the
perforating guns.                   cal member means adapted to guide the
weight Examples of tubing conveyed perforating guns     actuated primary
detonating means into contact are shown in U.S. Patent Nos. 2,169,559;   so
with the hollow elongated cylindrical member 2,530,966; 2,745,495;
3,011,551; and 3,291,207     means. while examples of tubing conveyed
perforating        In order that the invention may be more fully guns which
are actuated through the use of sinker  understood, reference is made to
the accompany- bars are shown in U.S. Patent Nos. 2,456,977;     ing
drawings, in which: 2,760,408; and 3,706,344.                    55
FIGURE 1 is a cross-section of the earth's surface US-A-2873675 describes a
tubing conveyed per-    having a borehole formed therein, with a tubing
forating gun. The gun is attached to casing by a   conveyed perforation
system of the presentinven- coupling including a frangible plug. In the
tubing  tion therein. above the plug is a small diameter carrier which
FIGURE 2 is a cross-sectional view of the upper includes an electrical
detonator (actuable via an   60   portion of a perforating gun of a tubing
conveyed electric cable to the surface), the detonator being  perforation
system utilizing the present invention. conneted to an explosive charge.
Upon electrical     FIGURE 3 is a cross-sectional view of an embodi-
detonation, the charge breaks the frangible plug   ment of initiator
assembly of the present inven- and detonates the perforating gun. It is
said that, if  tion. 



it is necessary or desirable to fire the gun without   65  Referring to
Figure 1, an embodiment of tubing 2    3    O 132 330
4 conveyed completion system  of the present          member 84 and
connector plug 68 installed in invention is shown, in a well bore.
threaded bore 56. A well head 10 is situated above the surface of     The
connector plug 68 comprises a cylindrical the earth 1 and is connected to a
casing 12         plug body 70 having a first bore 72 partially installed
in well bore 11 through which tubing 14    5    extending therethrough, a
second bore 74 extend- is disposed forming an inner flow path 16 and an
ing partially therethrough, a third threaded bore annular flow path 18
between the exterior of the    76 extending partially therethrough, a
threaded tubing 14 and the interior of the casing 12.        end 78 which
is received in threaded bore 56 of The annular flow path 18 is connected to
outlet  the perforating gun body 50 and annular recess 20 through which the
flow of fluids into and from    io   80 having annular seal means 82
therein. the flow path 18 may be controlled.                   Installed or
retained in third threaded bore 76 of Typically, the casing 12 will be
cemented into    connector plug 68 is hollow elongated cylindrical the
earth 1 having an annular coating of cement     member 84 having explosive
means 86 retained 22 therearound and any voids between the casing
therein, threaded end portion 88 which is received 12 and well bore 11 in
the earth filled with cement.   15  in third threaded bore 76 of connector
plug 68 and Connected to the lower end of tubing string 14    annular
recess 90 having annular seal means 92 is a packer 24 used to seal the
interior of the     therein. casing 12 so that one portion of the well bore
11,    Received and fixedly retained by crimping may be isolated from
another. The packer 24 may     within bores 72 and 74 of connector plug 68
is be any suitable type, such as either a retrievable   20   detonating
cord 94 which is actuated by explosive type or permanent type, depending
upon whether      means 86 and actuates the explosive perforating or not
the packer is to remain in the casing for   jet charges (not shown) in the
perforating gun 30. production purposes or whether or not the corn-
Also shown in FIG. 2, is the primary detonating pletion system is to be
used for completion and     means 100 secured to sinker bar 102. The
primary testing, etc.                                 25   detonating means
100 causes the detonation of A perforated nipple 26 is located below the
explosive means 86 in cylindrical member 84 packer 24 being releasably
connected thereto and    upon impact therewith. having any desired number
of apertures therein        Referring to FIG. 3, the primary detonating to
allow fluid communication from the exterior      means 100 is shown in
detail. thereof with the interior of the tubing string 14.   30  The
primary detonating means 100 comprises The perforated nipple 26 may include
a frangible    elongated cylindrical housing assembly 104, cap- ceramic or
other material member to keep debris     sule assembly 106, booster
assembly 108 and from falling therebelow.
striker assembly 110. Optionally installed in the tubing string 14
The elongated cylindical housing assembly 104 below the nipple 26 is any
suitable releasing tool   35   comprises cylindrical housing member 112 and
28, such as shown in U.S. Patent No. 4,040,482,     frangible end 114
secured on one end thereof. which may be used to release anything connected
The cylindrical housing member 112 is formed therebelow from anything
connected thereabove.      having a first plurality of apertures 116
therein, a Connected to the bottom of releasing tool 28, if  second
plurality of apertures 118 therein, a third used, or the bottom of nipple
26 is a perforating    4o   plurality of apertures 120 therein, a fourth
plu- gun or jet perforating device 30. The perforating   rality of
apertures 122 therein, an enlarged bore gun 30 is used to form perforations
in the casing   123 having a fifth plurality of threaded apertures 12,
annular cement coating 22 surrounding the       124 therein and threaded
bore 124' in one end casing 12 and in the earth 1 surrounding the well
thereof. bore 11. The perforating gun may be any type   45     The
frangible end 114 comprises a cylindrical which will provide communication
between a          housing member 115 having a reduced diameter hydrocarbon
bearing formation 32 and the well       exterior portion 117 having, in
turn, a plurality of bore I.
threaded apertures 124' therein which align with Referring to FIG. 2, the
firing mechanism for the  apertures 124 of member 112 and frangible end
tubing conveyed completion system  of the   so   118 secured to one end of
member 115. The present invention is shown.
frangible end 114 is secured to housing member As shown, the perforating
gun 30 comprises a      112 by a plurality of threaded members 125 body 50
having a bore 52 extending through the      threadedly engaging threaded
apertures 124 and upper portion thereof, threaded portion 54,         124'.
threaded bore 56, a plurality of annular seal cavi-   55  The capsule
assembly 106 comprises capsule ties 58 having annular seal means 60 located
housing 126, explosive capsule 128 and capsule therein, tubing connector
member 62 having one      retainer 130. end 64 threadedly secured to
threaded portion 54      The capsule housing 126 comprises an elon- while
the other end 66 is threadedly secured to     gated annular cylindrical
member having a closed 



the end of a piece of tubing 14 connecting the    60   end 132, first bore
134, larger second bore 136, perforating gun 30 to the packer 24 or
releasing    threaded bore 138 and upper sealing bore 140. tool 28 and
having a plurality of longitudinally      The explosive capsule 128
comprises an annu- extending resilient centralizer fingers 67 secured  lar
cylindrical member 142 filled with explosive in the upper portion therein
having a portion       material 144 and frusto-conically shaped member
thereof surrounding  the  hollow  cylindrical   65   146 secured to one end
of annular cylindrical 3    5                   0 132330
6 member 142 which forms the explosive material       tors well known to
those skilled in the art. 144 into a shaped explosive material. The par-
Booster charge 198 is retained within first ticular type of explosive
material 144 and the      cylindrical bore 182 of booster holder 172 having
amount thereof used in the explosive capsule        one end thereof
abutting the upper surface 200 128 vary depending upon a variety of factors
well    5    of explosive material 144. The booster charges known to those
skilled in the art. Generally, the   202 are retained within second
cylindrical bore frusto-conical shape of member 146 and its rela-     184
of booster holder 172 having their ends tionship to the explosive material
144 produce a    abutting each other or booster charge 198, successive
collapse  of the  frusto-conically      except for the top charge 202 which
has its upper shaped member 146 upon detonation of the    10   surface
abutting booster insert 176. explosive material 144 progressing toward and
Booster insert 176 comprises an annular along the axis of the member 146;
i.e., the         cylindrical member having a bore 204 there- perforation
axis. Consequently, upon the detona-    through. tion of the explosive
material 144 produces a         Abutting the upper surface 206 of booster
relatively high velocity elongated jet comprising    15   insert 176 is
initiator 177. the collapsed frusto-conically shaped member
Initiator 177 comprises a cylindrical housing 146 and hot gases which sever
the closed end        208 having a closed end 210 and an explosive 132 of
capsule housing 126. The explosive cap-      material (not shown) therein
whose size and sule 128 is retained within second bore 136 of
composition depends upon a variety of factors the capsule housing 126
having one end thereof   20    well known to those skilled in the art.
abutting annular shoulder 148 formed between          Booster disk 178
comprises a circular metallic first bore 134 and second bore 136 of the
hous-      disk 212 having spherically shaped portion 214 ing 126.
therein. The booster retainer 180 is retained on The capsule retainer 130
comprises an elon-        the end of booster holder 172 having a portion of
gated  annular  cylindrical  member  having    25   the bottom surface
abutting the upper surface of cylindrical bore 150 therein, threaded bore
152      initiator 177. on one end thereof, first cylindrical exterior por-
The booster retainer 180 comprises an elon- tion 154 having, in turn,
annular groove 156         gated cylindrical member having, on the interior
therein, second cylindrical exterior portion 158    thereof, first
cylindrical bore 216, threaded bore having, in turn, annular groove 160
therein con-   3o   218 which threadedly engages threaded exterior taining
annular seal means 162 therein, and          portion 186 of booster holder
172, second threaded exterior portion 164 which threadedly      cylindrical
bore 220 which receives the periphery engages threaded bore 138 of capsule
housing         of booster disk 178 therein, third cylindrical bore 126.
When capsule retainer 130 is assembled to      222 which receives
spherically shaped portion capsule housing 126, annular end 166 of the
35   214 of booster disk 178 therein, and fourth retainer 130 abuts the end
of explosive capsule     cylindrical bore 224 and, on the exterior thereof,
128 to retain the capsule 128 in position in the    cylindrical exterior
portion 226 having, in turn, a capsule housing 126.
plurality of apertures 228 therethrough allowing To retain the capsule
assembly 106 in position    fluid communication between the exterior and
within the cylindrical housing assembly 104 a    40   interior of the
booster retainer 180 and threaded plurality of frangible shear pins 170 are
inserted  exterior portion 230 which threadedly engages into apertures 116
so that one end of each pin      threaded bore 152 of capsule retainer 130.
170 engages annular groove 156 of capsule             The striker assembly
110 comprises the striker retainer 130 while the other end thereof engages
body 240, striker piston 242, striker housing 244, aperture 116.
45   striker 246, striker spring 248, striker piston The booster assembly
108 comprises the            retainer 250, and limit screw 252. booster
holder 172, booster explosive 174,           The striker body 240 comprises
an elongated booster insert 176, initiator 177, booster disk 178,
cylindrical member having,. on the interior and booster retainer 180.
thereof, first cylindrical bore 254, second cylindri- The booster holder
172 comprises an elon-   50   cal bore 256, first threaded bore 258 and
second gated annular cylindrical member having, on the      threaded bore
260 and, on the exterior thereof, interior thereof, first cylindrical bore
182 and    first cylindrical exterior portion 262 having, in second smaller
cylindrical bore 184 and, on the     turn, a plurality of apertures 264
extending there- exterior thereof, threaded exterior portion 186,
through to allow fluid communication from the 



first cylindrical exterior portion 188, second    55   exterior of the
striker body 240 to the interior cylindrical exterior portion 190 smaller
than por-  thereof, threaded exterior portion 266 which tion 188, and third
cylindrical exterior portion 192  threadedly engages threaded portion 125
of larger than portion 190, having, in turn, annular    housing assembly
104 and second cylindrical groove 194 therein which contains annular seal
exterior portion 268 having a plurality of aper- means 196 therein which
sealingly engages   60   tures 270 therethrough extending into bore 254.
cylindrical bore 150 of capsule retainer 130 when     The striker piston
242 comprises an annular booster holder 172 is installed therein.
cylindrical member having, on the interior The booster explosive 174
comprises a plu-         thereof, first cylindrical bore and second
cylindri- rality of booster explosive charges whose size      cal bore 274
and, on the exterior thereof, first and composition depend upon a variety
of fac-   65   cylindrical exterior portion 276 and second 4    7
0 132 330                       8 cylindrical exterior portion 278 having,
in turn, a  and weight such that the primary detonating plurality of
apertures 280 therein, the portion 278  means 100 and the sinker bar 102
develop suffi- being slidably received within bore 254 of striker  cient
energy when falling through the tubing 14to body 240.
actuate the primary detonating means 100 upon The striker housing 244
comprises an elongated    5    impact with the perforating gun 30. annular
cylindrical member having a bore 282 through a portion thereof, threaded
bore 314, first  Operation of the Invention threaded exterior portion 316
which threadedly       Referring again to FIG. 1, when the tubing engages
threaded bore 258 of striker body 240,     conveyed completion system  of
the present cylindrical exterior portion 284 having, in turn, a    10
invention is placed in a well bore 11 before the first plurality of
apertures 286, and a second     perforating gun 30 may be actuated it is
plurality of apertures 288 therethrough allowing   necessary to fill via
valve 17 a portion of the fluid communication between the exterior of the
tubing string 14 extending above the gun 30 with housing 244 to the
interior thereof, a second      fluid, typically twenty-five (25) feet or
as much as plurality of apertures 287 and a second threaded    15
desired. exterior portion 290.                                Referring to
FIG. 2, when the tubing string 14 The striker 246 comprises an elongated
cylindri-  located above the perforating gun 30 is filled with cal member
having a cylindrical stem portion 292   fluid, the tubing connector member
62 of the gun and an enlarged cylindrical head 294 having a      30
contains fluid thereby immersing the plug cylindrical recess or bore 296
therein. The   20   body 70 of the gun 30 and the attached cylindrical
cylindrical head 294 slidably engages bore 282 of  member 84 having
explosive means 86 therein. the striker housing 244. The enlarged
cylindrical  As the primary detonating means 100 having head annular recess
so that the seal means         sinker bar 102 attached thereto free falls
through slidingly sealingly engage bore 282 of striker     the tubing
string 14 when it contacts the fluid in housing 244.
25   the tubing string 14, the fluid flows into primary Disposed about the
cylindrical stem portion 292  detonating means 100 through ports 118 and
264 of the striker 246 is striker spring 248 having one  therein. end
thereof abutting the lower surface 296 of        Referring to FIG. 3, when
the primary detonat- head 294 of striker 246 while the other end abuts  ing
means 100 contacts cylindrical member 84 shoulder 298 of striker piston
retainer 250.  30   attached to plug body 70 of perforating gun 30 by The
striker piston retainer 250 comprises an     the spring centralizer finger
means guiding the annular cylindrical member having, on the
detonating means 100 into contact with the interior, cylindrical bore 300
which receives the  member 84, the cylindrical member 84 fractures stem
portion 292 of striker 246 therein and       frangible end 114 of
cylindrical housing assembly threaded bore 302 which threadedly engages
35   104 coming into engagement with the closed end threaded exterior
portion 290 of the striker hous-  132 of capsule housing 126. As the
primary ing 244 and, on the exterior, cylindrical exterior  detonating
means 100 continues its downward portion 304 which is received within bore
274 of   movement with respect to the perforating gun 30 striker piston
242, annular chamfered shoulder     the cylindrical member 84 attached to
plug body 306 and end surface 308.                     40   70 of gun 30
causes frangible shear pins 170 To retain striker piston 242, striker
housing 244,  retaining capsule assembly  106 within the striker 246,
striker spring 248, and striker piston  cylindrical housing assembly 104to
shear thereby retainer 250 within a first position within striker  allowing
capsule assembly 106 to move upwardly body 240 a plurality of frangible
shear pins 310   in housing assembly 104 compressing spring 320 are
installed in apertures 270 of the striker body   45   as it moves upwardly.
240 having one end thereof engaging apertures        Upon sufficient upward
movement of capsule 280 of striker piston 242.
assembly 106, the upper end of booster retainer The limit screw 252
comprises an elongated       180 engages the bottom of striker piston 242
with threaded cylindrical member having a threaded      the continued
upward movement of capsule 



portion 309, cylindrical extension 310, a portion of   50   assembly 104
causing the frangible shear pins which is received within recess 296 in the
head    310 retaining striker piston 242 within striker body 294 of striker
246 with the end of extension 310   240 to be sheared thereby allowing the
striker abutting the head 294 and enlarged head 312. The   piston to move
upwardly within the striker body threaded  portion  309  of limit screw
252        240. threadedly engages threaded bore 314 of striker   55  Since
fluid from the tubing string 14 flowed housing 244 whose first threaded
exterior portion  through apertures 264 filling annular cavity 322 316
threadedly engages threaded bore 258 of        formed between striker
piston 242 and striker striker body 240.
body 240, when the striker piston 242 moves To resiliently bias capsule
assembly 106 in      upwardly to close off apertures 264, the upward
position within cylindrical housing assembly 104 a    60   movement of
striker piston 242 causes fluid to coil spring 320 is installed between
capsule       flow from annular cavity 322, through apertures assembly 106
and striker assembly 110.             286 in striker housing 244 into bore
282 thereby Received within threaded bore 260 of striker     causing
striker 246 to be driven downwardly body 240 is a threaded portion of
sinker bar 102.  within bore 282 compressing striker spring 246. The sinker
bar 102 may be of any desired shape   65   The striker 246 moves downwardly
within bore 5    9                  0 132 330                      10 282
from the action of the fluid flowing into bore  Claims 282 of striker
housing 244 until the cylindrical head 294 of the striker 246 passes
apertures 288 in  1. A tubing conveyed completion system corn- striker
housing  244 thereby allowing fluid       prising: tubing means (14)
extending from the entering bore 282 to exit bore 282 since striker    5
surface of the earth down a well bore to a location piston 242 has moved
sufficiently upwardly with   therein; perforating gun means (30) connected
to respect to striker housing 244 to uncover aper-   one end of the tubing
means, the perforating gun tures 288 to allow fluid flow therethrough.
means including: body means (50); detonating As the striker 246 moves
downwardly since       cord means (94) extending from the top of the
booster retainer 180 engages the bottom of striker   10   body means
through a portion thereof; tubing piston 242 and is moving upwardly, the
stem       connector member means (62) having one end portion 292 of the
striker 246 pierces booster disk  connected to the body means and the other
end 178 striking initiator 177 causing the initiator 177  connected to the
tubing means; and weight actu- to detonate which, in turn, causes the
detonation  ated primary detonating means (100) adapted to of booster
explosive 174 which, in turn, detonates   15   move through the tubing
means, contact the explosive capsule 128. When explosive capsule
perforating gun means, and cause detonation; 128 detonates, the relatively
high velocity elon-  characterised in that the perforating gun means gated
jet comprised of the collapsed frusto-coni-  further includes connector
plug. means (68) cally shaped member 146 and hot gases emanat-     secured
to the top of the body means, one end of ing therefrom cut or sever closed
end 132 of   20   the detonating cord means being secured in said capsule
housing and flow into or against the      plug  means; hollow  elongated
cylindrical explosive means 86 in cylindrical member 84       member means
(84) secured to the connector attached to connector plug 68 of perforating
gun  plug means; explosive means (86) retained within 30 with sufficient
force to cause the detonation of  the hollow elongated cylindrical member
means, explosive means 86 which, in turn, causes the   25   said exposive
means being detonated by the detonating cord 94 to detonate which, in turn,
weight actuated  primary. detonating  means cause the detonation of the
shaped charges in the  retained within the hollow elongated cylindrical
perforating gun 30.                               member means and thereby
causing detonation Since the shaped charges in the perforating gun  of the
detonating cord means of the perforating 30 are actuated by the detonating
cord 94, any   30   gun means, and wherein the tubing connector number of
perforating guns 30 may be connected    member means further comprises
spring cen- together by connecting the detonating cord 94 of  tralizer
finger means (66) disposed within the each gun 30 to the perforating gun
above and      upper portion of the tubing connector member below it.
means having a portion thereof surrounding the It should be noted that the
tubing conveyed   35   hollow  elongated cylindrical member means
completion system of the present invention has    adapted to guide the
weight actuated primary many desirable features. For instance, since the
detonating means into contact with the hollow primary detonating means 100
requires a fluid     elongated cylindrical member means. environment to
operate and has its operating        2. A system according to claim 1,
wherein the components shear pinned in position within, it is  40   weight
actuated primary detonating means com- safe to handle. Similarly, since the
shaped       prises: housing assembly means (104); capsule charges in the
perforating gun 30 are actuated by  assembly means (106) retained within
the hous- detonating cord, it is relatively simple and easy to  ing
assembly means, the capsule assembly connect two or more guns together to
form a       means having an explosive means (144) therein 



series of guns which may be actuated by actuat-  45   adapted to detonate
the explosive means retained ing the top gun of the series.
within the hollow elongated cylindrical member It should be understood that
the explosives and  means of the perforating gun means; booster detonating
devices used in the primary detonat-   assembly means (108) retained within
the hous- ing means and the perforating gun 30 are to be    ing assembly
means and having an explosive selected based upon the operating
temperatures   50   means (174) therein, the explosive means in the to
which the completion system is to be exposed.  booster assembly means being
adapted to deto- After the perforating gun 30 has been actuated,  nate the
explosive means in the capsule assembly any fluids contained in the
formation 32 will flow  means which is, in turn, adapted to detonate the
into the well bore 11, through nipple 26 into the  explosive means within
the hollow elongated tubing 14. If desired, the releasing tool 28 may be
55   cylindrical member means of the perforating gun actuated to drop the
perforating gun 30 down the  means which is, in turn, adapted to detonate
the well bore 11 to allow formation fluids to flow    detonating cord means
of the perforating gun directly into the nipple 26, through packer 24 into
means; and striker assembly  means (110) the tubing 14.
retained by the housing assembly means, the It will be evident to those
skilled in the art from    60   striker assembly means being adapted to
cause the foregoing specification and drawings that    the detonation of
the explosive means of the changes may be made in the completion system
booster assembly means upon impact there- of the present invention which,
although not      with. described herein, function in the same manner as
3. A system according to claim 2, wherein the the apparatus described.
65   housing  assembly  means (104) comprises: 6    9                  0
132 330                      10 282 from the action of the fluid flowing
into bore  Claims 282 of striker housing 244 until the cylindrical head 294
of the striker 246 passes apertures 288 in  1. A tubing conveyed completion
system com- striker housing 244 thereby allowing fluid       prising:
tubing means (14) extending from the entering bore 282 to exit bore 282
since striker    5    surface of the earth down a well bore to a location
piston 242 has moved sufficiently upwardly with   therein; perforating gun
means (30) connected to respect to striker housing 244 to uncover aper-
one end of the tubing means, the perforating gun tures 288 to allow fluid
flow therethrough.         means  including: body means (50);detonating As
the striker 246 moves downwardly since       cord means (94) extending from
the top of the boosterretainer 180 engages the bottom of striker   10
body means through a portion thereof; tubing piston 242 and is moving
upwardly, the stem       connector member means (62) having one end portion
292 of the striker 246 pierces booster disk  connected to the body means
and the other end 178 striking initiator 177 causing the initiator 177
connected to the tubing means; and weight actu- to detonate which, in turn,
causes the detonation  ated primary detonating means (100) adapted to of
booster explosive 174 which, in turn, detonates   15   move through the
tubing means, contact the explosive capsule 128. When explosive capsule
perforating gun means, and cause detonation; 128 detonates, the relatively
high velocity elon-  characterised in that the perforating gun means gated
jet comprised of the collapsed frusto-coni-  further includes connector
plug means (68) cally shaped member 146 and hot gases emanat-     secured
to the top of the body means, one end of ing therefrom cut or sever closed
end 132 of   20   the detonating cord means being secured in said capsule
housing and flow into or against the      plug  means; hollow  elongated
cylindrical explosive means 86 in cylindrical member 84       member means
(84) secured to the connector attached to connector plug 68 of perforating
gun  plug means; explosive means (86) retained within 30 with sufficient
force to cause the detonation of  the hollow elongated cylindrical member
means, explosive means 86 which, in turn, causes the   25   said exposive
means being detonated by the detonating cord 94 to detonate which, in turn,
weight actuated  primary detonating  means cause the detonation of the
shaped charges in the  retained within the hollow elongated cylindrical
perforating gun 30.                               member means and thereby
causing detonation Since the shaped charges in the perforating gun  of the
detonating cord means of the perforating 30 are actuated by the detonating
cord 94, any   30   gun means, and wherein the tubing connector number of
perforating guns 30 may be connected    member means further comprises
spring cen- together by connecting the detonating cord 94 of  tralizer
finger means (66) disposed within the each gun 30 to the perforating gun
above and      upper portion of the tubing connector member below it.
means having a portion thereof surrounding the It should be noted that the
tubing conveyed   35   hollow  elongated cylindrical member means
completion system of the present invention has    adapted to guide the
weight actuated primary many desirable features. For instance, since the
detonating means into contact with the hollow primary detonating means 100
requires a fluid     elongated cylindrical member means. environment to
operate and has its operating        2. A system according to claim 1,
wherein the 



components shear pinned in position within, it is  40   weight actuated
primary detonating means com- safe to handle. Similarly, since the shaped
prises: housing assembly means (104); capsule charges in the perforating
gun 30 are actuated by  assembly means (106) retained within the hous-
detonating cord, it is relatively simple and easy to  ing assembly means,
the capsule assembly connect two or more guns together to form a
means having an explosive means (144) therein series of guns which may be
actuated by actuat-  45   adapted to detonate the explosive means retained
ing the top gun of the series.                    within the hollow
elongated cylindrical member It should be understood that the explosives
and  means of the perforating gun means; booster detonating devices used in
the primary detonat-   assembly means (108) retained within the hous- ing
means and the perforating gun 30 are to be    ing assembly means and having
an explosive selected based upon the operating temperatures   50   means
(174) therein, the explosive means in the to which the completion system is
to be exposed.  booster assembly means being adapted to deto- After the
perforating gun 30 has been actuated,  nate the explosive means in the
capsule assembly any fluids contained in the formation 32 will flow  means
which is, in turn, adapted to detonate the into the well bore 11, through
nipple 26 into the  explosive means within the hollow elongated tubing 14.
If desired, the releasing tool 28 may be   55   cylindrical member means of
the perforating gun actuated to drop the perforating gun 30 down the  means
which is, in turn, adapted to detonate the well bore 11 to allow formation
fluids to flow    detonating cord means of the perforating gun directly
into the nipple 26, through packer 24 into  means; and  striker assembly
means (110) the tubing 14.                                    retained by
the housing assembly means, the It will be evident to those skilled in the
art from    60   striker assembly means being adapted to cause the
foregoing specification and drawings that     the detonation of the
explosive means of the changes may be made in the completion system
booster assembly means upon impact there- of the present invention which,
although not      with. described herein, function in the same manner as
3. A system according to claim 2, wherein the the apparatus described.
65   housing  assembly  means (104) comprises: 6    11               0 132
330                       12 cylindrical housing member means (112) having
kermitteln befestigt ist; sowie an den Verbin- on one end thereof a
frangible end (114) secured    dungssteckermitteln befestigte, lingliche
Hohizy- thereto, a plurality of apertures therein (116, 118,
lindergliedmittel (84); Explosivmittel (86), die 120, 122, 124) and a
threaded bore (125) in the     innerhalb der langlichen
Hohlzylindergliedmittel other end thereof.                             5
gehalten . sind, wobei besagte Explosivmittel 4. A system according to
claim 2 or 3, wherein     durch die innerhatb der langlichen Hohizylinder-
the capsule assembly means comprises: capsule       gliedmittel gehaltenen.
gewichtbetatigten Haupt- housing means (126) retained within the housing
zundungsmittel gezundet warden und dadurch assembly means; explosive
capsule means (128)       eine Zundung der Zundschnurmittel der perforier-
retained within the capsule housing means; and    to   kanonenmittel
verursachen, und bei welchem die capsule retainer means (130) secured to
one end     Rohrverbindungsgliedmittel weiterhin  zentrie- of the capsule
housing means retaining the explo-    rende Federfingermittel (66)
enthalten, die. inner- sive capsule means within the capsule housing
halb des oberen Teils der Rohrverbindungsglied- means.
mittel angeordnet sind, von denen ean Teil die 5. A system  according to
claim 2, 3 or 4,   15  lInglichen Hohlzylindergiledmittel umgibt, und
wherein the booster assembly means comprises:       durch welche die
gewichtbetatigten Hauptzund- booster holder means (172); booster explosive
mittel in Kontakt mit den langlichen Hohlzylilin- means (174) contained
within the booster holder     dergliedmitteln fuhrbar sind. means; booster
insert means (176) contained           2. Ein System nach Anspruch 1, bei
welchem within the booster holder means overlying the    20   die
gewichtbetatigten HauptzOndmittel enthalten: booster explosive means;
initiator means (177)      Gehauseanordnungsmittel (104); innerhalb der
contained within the booster holder means over-     Gehauseanordnungsmittel
gehaltene Kapselan- lying the booster explosive means; booster disk
ordnungsmittel (106) mit darin  befindlichen means (178); and booster
retainer means (180)       Explosivmitteln, die zur Zundung der innerhalb
secured to one end of the booster holder means.   25   der linglichen
Hohlzylindergliedmitteln der perfo- 6. A system according to claim 2, 3, 4
or 5,       rierkanonenmittel gehaltenen Explosivmittel ein- wherein the
striker assembly means comprises:       gerichtet sind;
Zwischenzunderanordnungsmittel striker body means (240); striker piston
means      (108), die innerhalb der Gehauseanordnungsmit- (242) slidably
retained within the striker body     tel gehalten  sind  und
Explosivmittel (174) means; striker housing means (244) contained    30
enthalten, wobei die Explosivmittel in den within the striker body means;
striker means (246)  Zwischenzunderanordnungsmitteln zur Zundung slidably
disposed within the striker housing        der Explosivmittel in den
Kapselanordnungsmit- means; striker spring means (248) resiliently bias-
teln eingerichtet sind, welche wiederum zur Zun- ing the striker means in a
first position in the    dung der Explosivmittel innerhalb der langlichen 



striker housing means; striker piston retainer   35
Hohlzylindergliedmittel der perforierkanonenmit- means (250) secured to the
striker housing means    tel eingerichtet sind, die wiederum zur ZOndung
retaining the striker means within the striker      der Zundschnurmittel
der perforierkanonenmittel housing means; and limit screw means (252)
eingerichtet sind; und durch die Gehauseanord- threadedly engaging a
portion of the striker hous-   nungsmittel gehaltene Zundbolzenanordnungs-
ing means having a portion thereof engaging a    40    mittel (110), die
die Zundung der Explosivmittel portion of the striker means for adjusting
the      der Zwischenzunderanordnungsmittel durch Auf- position of the
striker means within the striker    treffen auf dieselben verursachen.
housing means.                                        3. Ein System nach
Anspruch 2, bei welchem die Gehauseanordnungsmittel (104) enthalten
Patentanspruche                                45   zylindrische
Gehiusegliedmittel (112), an deren einem Ende ein brechbares Ende (114)
befestigt 1. Ein durch Rohre transportiertes Fertigstel-    ist, und die
eine Mehrzahl von Durchbruchen lungssystem, enthaltend Rohrmittel (14),
welche      (116, 118, 120, 122, 124) und sine Gewindeboh- sich von der
Erdoberflache ein Bohrloch hinunter     rung (125) an deren anderem Ende
aufweisen. bis zu einer darin befindlichen Stelle erstrecken;   so  4. Ein
System nach Anspruch 2 oder 3, bei mit einem Ende der Rohrmittel
verbundene, per-      welchem die Kapselanordnungsmittel enthalten:
forierkanonenmittel (30), enthaltend: Korpermit-    innerhalb der
Gehauseanordnungsmittel gehal- tel (50); Zundschnurmittel (94), die sich
von der   tene Kapselgehausemittel (126); innerhalb der Spitze der
Kdrpermittel durch einen Teil dersel-     Kapselgehausemittel  gehaltene
Kapselmittel ben erstrecken; Rohrverbindungsgliedmittel (62),   55   (128)
fOr Explosivstoff; und Kapselbefestiguns- deren eines Ende mit den
Korpermitteln und           mittel (130), die an einem Ende der
Kapselgehau- deren anderes Ende mit den Rohrmitteln verbun-       semittel
befestigt sind, welche die Kapselmittel den ist; und gewichtbetatigte
HauptzOndmittel       fOr Explosivstoff innerhalb der Kapselgehause- (100),
die durch die Rohrmittel bewegbar sind, die   mittel halten.
perforierkanonenmittel beruhren und eine ZOn-   60    5. Ein System nach
Anspruch 2, 3 oder 4, bei dung verursachen; dadurch gekennzeichnet, daI
welchem  die ZwischenzOnderanordnungsmittel die perforierkanonenmittel
weiterhin  an der         enhalten: Zwischenzunderhalterungsmittel (172);
Spitze der Korpermittel befestigte Verbindungs-      in   den
Zwischenzunderhalterungsmitteln steckermittel (68) enthalten, wobei ein
Ende der    enthaltene   ZwischenzOnderexplosivstoffmittel Zundschnurmittel
in besagten Verbindungsstek-   65   (174); Zwischenzundereinsatzmittel
(176), die in 7 Ilit 111111111111111111111111111    13                   0
132 330                      14 4den Zwischenzunderhalterungsmitteln
enhalten           place dans la partie sup6rieure de l'organe de sind, die
uber den Zwischenzunderexplosivstoff-      raccordament de train de tiges
et aVant une partie mittel liegen; Sprengkapselmittel (177), die in den
qui entoure l'organe cylindrique creux et allonge
Zwischenzunderhalterungsmitteln enthalten sind,      et destin6 a guider le
dispositif primaire de d6to- die die Zwischenzunderexplosivstoffmittel
Ober-    s    nation commande par un lest afin qu'il vienne au lagern;
Zwischenzunderscheibenmittel (178); und      contact de l'organe
cylindrique creux at allong6. Zwischenzunderbefestigungsmittel (180), die
an         2. Systeme selon la revendication 1, dans lequel einem Ende der
Zwischenzunderhalterungsmittel        le dispositif primaire de detonation
commande befestigt sind.                                      par un lest
comport. un boltier (104), un ensem- 6. Ein System nach Anspruch 2, 3, 4
oder 5, bei   10   ble A capsule (106) retenu dans le boltier, I'ensem-
welchem die Zundbolzenanordnungsmittel enhal-        ble a capsule ayant un
dispositif explosif (144) ten: Zundbolzenkorpermittel (240); Zundbolzen-
place a l'interieur et destine A faire detoner le kolbenmittel (242), die
beweglich innerhalb der      dispositif explosif retenu dans l'organe
cylindri- Zundbolzenkolbenmittel gehalten sind; in den         que creux et
allonge du dispositif A canon perfora- Zundbolzenkorpermitteln enthaltene
Zundbolzen-   15   teur, un ensemble renforcateur (108) retenu dans
gehausemittel (244); beweglich innerhalb. der        le bottier et ayant un
dispositif explosif (174) a Zundbolzengehausemittel angeordnete Zundbol-
l'interieur, le dispositif explosif de l'ensemble zenmittel (246);
Zundbolzenfedermittel (248),        renforcateur etant destine a faire
detoner le dispo- welche die Zundbolzenmittel elastisch in einer
sitif explosif de 1'ensemble A capsule qui est lui- ersten Lage in den
Zundbolzengehausemitteln   20    meme destine a faire detoner le dispositif
explosif vorspannen; Zundbolzenkolbenbefestigungsmit-         place dans
l'organe cylindrique creux et allonge tel (250), die an den
Zundbolzengehausmitteln        du dispositif a canon perforateur qui
lui-meme est befestigt sind, welche die Zundbolzenmittel inner-   destine A
faire detoner le cordon detonant du halb der Zundbolzengehausemittel
halten; und         dispositif A canon perforateur, et un ensemble a
Begrenzungsschraubenmittel (252) in Schraub-   25    marteau (110) retenu
dans le boltier, l'ensemble a verbindung mit einem Teil der
ZOndbolzengehau-       marteau etant destine a provoquer la detonation
semittel, deren einer Teil an einem Teil der Zund-   du dispositif explosif
de l'ensemble renforcateur bolzenmittel anliegt, zum Einstellen der Lage
der    lors d'un choc mutuel. 



Zundbolzenmittel innerhalb der Zindbolzenge-           3. Systeme selon le
revendication 2, dans lequel hAusemittel.
30   le boltier (104) comprend un organs cylindrique (112) de boltier
ayant, A une preiniere extremite, Revendications
un organ. (114) qui peut etre rompu et qui lui est fixe, plusieurs
ouvertures (116,118,120,122,124) 1. Systeme de completement transporte par
un       et un trou taraude (125) forme A son autre extre- train de tiges,
comprenant un train de tiges (14)   35    mite. partant de la surface du
sol et descendant dans un     4. Systeme selon l'une des revendications 2
et sondage jusqu'a un emplacement dans celui-ci,        3, dans lequel
l'ensemble A capsule comporte un un dispositif A canon perforateur (30)
raccorde A    battier de capsule (126) retenu dans le boltier, une une
premiere extremite du train de tiges, le         capsule explosive (128)
retenue dans le bottier de dispositif a canon perforateur comprenant un
40   capsule, et un organe de retenue de capsule (130) corps (50), un
cordon detonateur (94) partant de la  fixe A une premiere extremite du
boatier de cap- partie superieure du corps et dispose dans une       sule
et retenant la capsule explosive dans le partie de celui-ci, un organe de
raccordement (62)   bottier de capsule. de train de tiges ayant une
premiire extremite         5. Systeme selon l'une quelconque des revendi-
raccordee au corps et son autre extremite raccor-   45   cations 2, 3 et 4,
dans lequel l'ensemble renforca- d;e au train de tiges, et un dispositif
primaire de  teur comporte un support (172) d'organe renfor- detonation
(100) commande par un lest et destine     qateur, un dispositif explosif
(174) d'organe ren- a se deplacer dans le train de tiges, a venir au
forcateur, contenu dans le support, un element contact du dispositif A
canon perforateur, et A      rapporte (176) contenu dans le support et
recou- provoquer la detonation, caracterise en ce que le   50   vrant le
dispositif explosif de l'organe renforca- dispositif a canon perforateur
comporte en outre     teur, un dispositif de declenchement (177) un bouchon
(68) de raccordement fixe a la partie     contenu dans le support de
l'organe renforgateur superieure du corps, une premiere extremitb du
et recouvrant le dispositif explosif de l'organe cordon detonateur etant
fix6e dans le bouchon,       renforgateur, un disque (178) d'organe
renforca- un organecylindrique creux et allonge (84) fixe au    55   teur,
et un dispositif de retenue (180) d'organe bouchon de raccordement, un
dispositif explosif      renforgateur, fixe A une premiere extremite du
(86) retenu dans l'organe cylindrique creux et       dispositif de support
d'organe renforcateur. allonge, le dispositif explosif detonant sous l'ac-
6. Systeme selon lune quelconque des revendi- tion  du  dispositif primaire
de  detonation        cations 2, 3, 4 ou 5, dans lequel l'ensemble a
declenche par un lest, retenu dans l'organe cylin-   60    marteau comport.
un corps de marteau (240), un drique creux et allonge et provoquant ainsi
la       piston de marteau (242) retenu dans le corps de detonation du
cordon detonateur du dispositif A      marteau de maniere qu'il puisse
coulisser, un canon perforateur, et dans lequel l'organe de        boltier
de marteau (244) contenu dans le corps de raccordement de train de tiges
comport. en outre     marteau, un marteau (246) dispose dans le bottler un
dispositif a doigts elastiques de centrage (66)   65   de marteau afin
qu'il puisse y coulisser, un ressort 8 .~~~ L    15                   0
132  330                       16 de marteau (248) rappelant 6lastiquernent
le mar-      de limite (252) viss~e clans une partie du boltier de teau
dlans une premi~re position A l'intdrieur du      marteau et ayant une
partie qui coopibre avec une boltier de marteau, un organe de retenue de
partie du marteau afin que la position du marteau piston (250) fix6 au
boitier dlemarteau et retenant    soit r~gI~e dlans le boldier de marteau.
le marteau dlans le bolitier de marteau, et une vis    5 10 20 25 30 35 40
45 50 55 60 65 9    


