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primary explosive to be totally safe, it should be carried in the well on
some type of carrier struc- This invention relates generally to apparatus
for  ture. This is so that, if the detonator does not fire, detonating
explosive objects in a subterranean well  retrieval from the tubing or well
bore can be en- and particularly, but not exclusively, to a detonating    5
sured. If the detonator is simply dropped into the bar apparatus and method
for actuating a tubing      tubing or the well bore, it must be fished to
be conveyed perforator in response to hydrostatic      retrieved and
fishing is not always successful. pressure in the tubing.
When fishing is unsuccessful, a potentially serious There are various known
techniques for deto-     hazard is created in that the tubing has to be
nating a perforator located in a well bore to perfo-   10  pulled from the
well bore with the unfired ex- rate a formation to be treated or produced.
In one   plosives in the perforator intact below the unfired arrangement,
such as described in GB-A-2150267,      detonator. Should the detonator
then become dis- a tubing conveyed perforating gun is activated by
lodged or otherwise caused to impact on the per- dropping balls down the
tubing to occlude various    forator, such as from jarring forces created
when passages, and then applying fluid pressure. The   15  the tubing
string is being extracted from the well, present invention is concerned
with a different type  the perforator could fire at a location which might
of technique, namely that in which the detonator is  damage the
subterranean formation or, more sig- moved into the tubing on which the
perforator is     nificantly, it could fire near or at the surface, there-
conveyed into the well, and impacted on a stinger    by posing a hazard to
the personnel working at the extending above the gun of the perforator. One
20  surface. example of this type is disclosed in our U.S. patent
Therefore, there is the need for an improved specification no. 4,512,418.
detonator of the type described in US-A-4512418 The detonator of
US-A-4512418 comprises ig-      for actuating a downhole explosive to
overcome the niting means for igniting the explosive; initiating  foregoing
potential shortcomings. In particular, the means for initiating the
operation of said igniting   25  improved detonator should not be dependent
upon means in response to a fluid pressure, said initiat-  a large impact
force for operation, and it should be ing means including a slidable firing
member; inner  capable of use with a slick line or similar structure
housing means for carrying said igniting means;      so that the detonator
can be readily extracted from outer housing means for carrying said inner
hous-   the tubing if necessary. ing means; and retainer means for
retaining, with a   30  We have now devised such a detonator. Ac- retaining
force, said inner housing means stationary  cording to the present
invention, there is provided relative to said outer housing means until an
impact  an apparatus for lowering into a well to detonate an force,
generated by engagement of said inner         explosive contained on an
object located in the housing means with the object in the well, exceeds
well, comprising; igniting means for igniting the the retaining force. As
the detonator descends in  35  explosive; initiating means for initiating
the opera- the well and engages the object in the well, the     tion of
said igniting means in response to a fluid inner housing is moved towards
the initiator means   pressure, said initiating means including a slidable
and the latter slides under fluid pressure to contact  firing member; inner
housing means for carrying the igniting means.
said igniting means; outer housing means for carry- The particular
detonator disclosed in our U.S.   40  ing said inner housing means; and
retainer means patent specification no. 4,512,418 has two potential  for
retaining, with a retaining force, said inner hous- shortcomings. One is
that it requires a relatively  ing means stationary relative to said outer
housing substantial force to be generated upon impact with   means until an
impact force, generated by engage- the stinger before it can detonate the
stinger and   ment of said inner housing means with the object the gun.
This is because operation of the detonator   45  in the well, exceeds the
retaining force; charac- occurs solely from the impact force, which force
terised in that said initiating means is carried by must be large enough to
overcome any and all         said inner housing means, and said inner
housing retaining forces needed to be broken for operating   means includes
an air chamber through which said the detonator. The need for this
relatively large    firing member moves to connect with said igniting force
generally necessitates that the detonator be   50   means; and wherein
holding means are provided dropped into the tubing, rather than lowered
into   for holding, with a holding force, said firing member the tubing on
a slick line or the like, because a    stationary relative to said inner
housing means until sufficiently high force cannot reliably be created   a
fluid pressure, communicated through said outer when the detonator is
carried into the tubing on the  housing means to said holding means, exerts
a slick line or other mechanical means.           55  force exceeding the
holding force whereby when This preclusion of use of a slick line or the
like  the fluid pressure exerting a force exceeds the is the second
potential shortcoming of the detona-   holding force of said holding means
said firing tor because, for such a detonator which carrier a    member
moves through the air chamber in said 2  
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connect with said igniting means.  so that the at least one retaining dog
is released The invention also includes a tubing conveyed   from holding
the firing piston relative to the inner perforator which comprises a
perforating gun and   housing. The at least one second frangible member an
upstanding stinger containing an explosive      is then broken in response
to fluid pressure to charge and a detonating cord connecting the   5   move
the firing piston through an air chamber to charge to the gun, the
perforator also including a  impact the firing pin against the explosive
charge. detonator apparatus of the invention for lowering  The fluid
pressure arises by communicating a hy- into impact with said stinger to
detonate the explo-  drostatic pressure, existing within the tubing string,
sive charge.                                       through the outer
housing to act on the firing pis- The invention also includes the use of a
deto-   10  ton. The detonator bar can be lowered through the nator of the
invention for detonating an explosive in  tubing string on a slick line. a
well.                                               In order that the
invention may be more fully The detonator of the present invention can be
understood, reference is made to the accompany- made responsive to a
relatively small impact force  ing drawings, wherein: to release components
and the firing member is  15    FIG. 1 is a schematic illustration showing
a then ultimately actuated by fluid pressure within the  detonator bar,
which has been lowered into a tubing to activate the perforator. This
provides a    tubing string on a slick line, engaged with a safety feature
in that it requires a sufficient pres-  stinger extending above a
perforating gun of the sure differential before the detonator can fire. The
tubing conveyed perforator. detonator of the present invention also is
designed   20  FIGS. 2A and 2B show a sectional view of one to be run into
the tubing, which carries the perfora-  preferred embodiment of detonator
bar of the tor, on a slick line or other suitable means so that  invention,
as depicted in FIG. 1. the detonator can be readily withdrawn from the
A particular environment in which the preferred tubing if necessary. The
present invention can also  embodiment of the present invention is contem-
utilize a more reliable initiator to make its overall  25  plated to be
useful is schematically illustrated in operation more reliable. Thus, the
present invention  FIG. 1 A detonator bar or tool 2, which is con- has the
capability to fire even in response to a slick  structed in accordance with
the preferred embodi- line jarring action; it is reliable; and it is
controllable  ment of the present invention as illustrated in FIGS. by
being responsive to a pressure differential ap-  2A-2B, is conveyed into a
tubing string 4 on a slick plied to the detonator after an initial
releasing ac-  30  line 6 or other suitable conveying means. It is tion has
occurred in response to the initial jarring  contemplated that the
detonator tool 2 can be action of the detonator impacting with the perfora-
dropped down the tubing string 4; however, in such tor.
case, the advantage of the preferred embodiment Preferably, the inner
housing means comprises   whereby the detonator bar 2 can be readily ex- a
barrier member having a lateral wall, defining a   35  tracted from the
tubing string 4 is not obtained. lower barrier which engages the object in
the well     The detonator bar 2 is lowered into the tubing in generating
the Impact force, and a longitudinal  string 4 for the purpose of engaging
a stinger 8 wall, extending from the lateral wall and engaged  connected to
a perforating gun 10 which is carried by the retainer means and defining a
predeter-     into a well bore 12 on the tubing string 4. The well mined
spacing for separating an explosive of the   40  bore 12 may be cased or
uncased. The stinger 8 igniting means from the lateral wall by a distance
and the perforating gun 10 are of suitable types tending to allow optimum
formation of an explosive  known to the art for defining a tubing conveyed
jet created from the explosive when the firing      perforator assembly
used to perforate the well bore member strikes the igniting means.
12 for reasons also known to the art. In general, the The outer housing
means preferably includes   45  stinger 8 includes an explosive charge 14
con- means for connecting with a slick line on which the  tained below a
barrier wall 16 of the stinger. Ex- apparatus is to be controllably lowered
into the   tending from the explosive charge 14 is a detonat- well.
ing cord 18 which extends into the perforating gun In one embodiment of the
present invention,     10 in communication with one or more shaped the
detonator apparatus has the inner housing con-  50  charges 20 of secondary
explosives disposed in nected to the outer housing by at least one first
any suitable arrangement in the support structure frangible member. The
firing member is a piston    of the perforating gun 10. Through operation
of the with a firing pin, held in the inner housing by at  detonator bar 2,
which operation will be subse- least one retaining dog and at least one
second    quently described, the barrier wall 16 is penetrated frangible
member. When the detonator bar is  55  by an explosive force which ignites
the explosive struck on the perforator with a force sufficient to  14,
thereby activating the detonating cord 18 to break the at least one first
frangible member, the  detonate the charges 20 to create perforations in
outer housing moves relative to the inner housing  the adjacent formation
intersected by the well bore 
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This vents fluid between the inner and outer hous- The preferred embodiment
of the detonator bar  ings when there is relative longitudinal movement or
tool 2 shown in FIGS. 2A and 2B includes an    between the inner and outer
housings as subse- outer housing 22, an inner housing 24, and retainer
quently described. means 26 for retaining, with a retaining force, the   5
Defined above the vent openings 46 are eight inner housing 24 stationary
relative to the outer  additional openings. Two of these are identified in
housing 22 until an impact force, generated by    FIG. 2A by the reference
numeral 48. These open- engagement of the inner housing 24 with the object
ings receive set screws 50 for holding a portion of to be detonated in the
well (namely, the stinger 8  the retainer means 26 to the outer housing 22.
and the perforating gun 10 in the environment  10    Still more openings
are defined through the illustrated in FIG. 1), exceeds the retaining
force.  wall 34 between the surfaces 36, 38 above the As used herein,
"retaining force" and the like may  openings 48. Several of these openings
are iden- include either or both static strengths and active  tified by the
reference numeral 52 and shown in forces tending or acting to hold an
object relative to  FIG. 2A. These openings, or holes, 52 defined another
object. These forces may be referred to as  15  through the outer housing
wall 34 allow hydrostatic being "predetermined" in that they are
established  pressure (or other pressure) which exists within the by the
inherent strengths or forces of the means by  tubing string 4 to pass into
the cavity of the outer which the forces are achieved, which means can
housing 22 for application to the initiating means selected or controlled
for specific desired mag-  30 and the holding means 32. nitudes of the
forces.                       20       The outer housing 22 also includes
in the pre- The detonator bar or tool 2 of the preferred  ferred embodiment
means for connecting with the embodiment further comprises igniting means
28    slick line 6 on which the tool 2 is to be controllably for igniting
the explosive in the object located in  lowered into the well 12
(specifically, within the the subterranean well 12, namely the explosive 14
tubing string 4). This means is defined in the of the stinger 8 in the
illustrated embodiment. Con-  25  preferred embodiment by a top adapter 54
nected with the igniting means 28 by the inner    threadedly connected to a
threaded inner surface housing 24 is an initiating means 30 for initiating
56 of the wall 34. Set screws 58 threadedly con- the operation of the
igniting means in response to a  nected into still more threaded holes
defined fluid pressure in the well 12, which in the preferred  through the
wall 34 hold or lock the top adapter 54 embodiment is specifically a
hydrostatic pressure  30  against rotation relative to the wall 34. The top
within the tubing string 4. The detonator bar 2 also  adapter 54 has a
threaded axial bore 60 which includes holding means 32 for holding, with a
hold-  couples with the slick line 6 in the preferred em- ing  force
(again,  this  "force"  may  be       bodiment. "predetermined"), the
initiating means 30 station-   The inner housing 24 provides means for car-
ary relative to the inner housing 24 until the fluid  35  rying the
igniting means 28 and the initiating pressure, communicated through the
outer housing  means 30. The inner housing 24 includes a cylin- 22 to the
holding means 32, exerts a force exceed-  drical wall 62 having an outer
surface 64 with a [err] the holding force.
diameter less than the diameter of the inner sur- The preferred embodiments
of each of these     face 38 of the wall 34 of the outer housing 22 so
components 22, 24, 26, 28, 30, 32 will be de-  40  that there is sufficient
tolerance to permit sliding scribed with reference to FIGS. 2A and 2B.
between the inner and outer housings. The wall 62 The outer housing 22
provides a means for      has inner surfaces 66, 68 defining a chamber
within carrying the inner housing 24. The outer housing  the interior of
the wall 62. The surface 68 is radially 22 is defined by a cylindrical wall
34 having an  offset from the surface 66 by a partially beveled outer
surface 36 and an inner surface 38, which   45  shoulder surface 70. The
portion of the chamber inner surface 38 defines a cavity within the outer
defined by the surface 68 receives the igniting housing 22. The wall 34
also has an inner surface  means 28 more particularly described
hereinbelow. 40 radially inwardly offset from the surface 38 by  This
portion of the chamber is in communication an annular shoulder surface 42
as shown in FIG.   with the chamber portion defined by the surface 2B. In
the preferred embodiment, four threaded   50  66. The portion defined by
the surface 66 receives holes are defined radially through the wall 34 be-
the initiating means 30 and also provides an air tween the surfaces 36, 40.
Two of these holes are  chamber in which air at substantially atmospheric
identified in FIG. 2B by the reference numeral 44.  pressure is held in the
preferred embodiment. The Additional holes, two of which are partially
shown in  modifier "substantially" is used with reference to FIG. 2A and
identified by the reference numeral 46,  55  the preferred embodiment
because the actual air are defined between the surfaces 36, 38 to provide
pressure will vary dependent, at least in part, on 



a fluid bypass between the cavity of the outer    the ambient temperature,
which could vary greatly housing 22 and the exterior of the outer housing.
between a surface temperature and a downhole 4    7                 EP 0
256 723 B1                   8 temperature at the locations where the
detonator  plied to break or shear the pins 94 to remove the bar or tool 2
is contemplated to be used. This    retaining force established by the pins
for holding temperature can also vary dependent upon the      the inner
housing 24 stationary relative to the outer position of the initiating
means 30 within the cham-  housing 22. This separating or breaking force is
ber because the initiating means 30 is movable   5   derived from the
impact force generated when the through the air chamber in response to the
fluid  detonator bar 2 is engaged with the stinger 2 by pressure acting
through the holes 52 as more par-  being lowered on the slick line 6 or as
is created in ticularly described hereinbelow.                  response to
a jarring action by the use of a jar tool The upper (as viewed in its
downhole orienta-  of known type connected above the detonator bar tion
depicted in FIGS. 2A and 2B) end of the wall  10  or tool 2. In the present
invention the retaining 62 terminates in an annular surface 72. The lower
force established by the shear pins 94 is the pri- end of the wall 62 has a
threaded inner surface 74  mary force which must be overcome by the impact
which couples with an outer threaded surface 76 of  force created upon
engagement of the tool 2 and a barrier member 78 forming another part of
the   the stinger 8. The only other force to be overcome inner housing 24.
The barrier member 78 has a   15  by the impact force is that established
by a shear lateral or radial end wall 80 from which a longitudi-  pin 102
associated with another portion of the nal side wall 82 integrally extends.
The walls 80, 82  retainer means 26. have inner surfaces defining a
counterbored jet      This other portion of the retainer means 26 is
directing channel generally identified by the refer-  shown in FIG. 2A.
This portion includes a plurality ence numeral 84.
20  of dogs, two of which are identified in FIG. 2A by The wall 80 defines
a lower barrier which en-  the reference numeral 96. In the preferred
embodi- gages the barrier wall 16 of the stinger 8 when the  ment there are
six such dogs 96. These dogs are detonator bar 2 is positioned as
illustrated in FIG.  held against the initiating means 30 by a cylindrical
1. The engagement between the wall 80 and the     dog retainer collar 98
disposed adjacent exterior wall 16 generates an impact force used to
release  25  surfaces of the dogs 96 and adjacent a radially part of the
retainer means 26 subsequently de-    inwardly offset outer surface 100 of
the wall 62 of scribed. The wall 82 is engaged by this portion of  the
inner housing 24. The collar 98 is connected to the retainer means 26.
the outer housing 22 by means of the set screws The wall 82 has a length
defining a predeter-  50 received in the openings 48 of the outer hous-
mined spacing for separating the igniting means 28   30  ing 22. The collar
98 is held stationary relative to from the lateral wall 80 by a distance
tending to  the wall 62 of the inner housing 24 by an outer allow optimum
formation of an explosive jet gen-  portion of the shear pin 102 received
through an erated when the initiating means 30 strikes the   opening 104 of
the collar 98 and an opening 106 of igniting means 28 in a manner
subsequently de-    the wall 62 of the inner housing 24. This outer
scribed. As shown in FIG. 2B, the wall 82 extends   35  portion of the pin
102 provides a relatively light into the portion of the chamber defined by
a sec-  retaining force which is enough to hold the collar tion of the
inner surface 68 of the wall 62. The wall  98 against the dogs 96 during
assembly. It is 82 terminates in an annular surface 86. Contained
contemplated that the function of the dogs 96, the in a circumferential
groove 88 defined in the outer  collar 98 and the pin 102 can be
equivalently surface of the wall 82 of the barrier member 78 is  40
achieved by other suitable means, such as by an 0-ring 90 defining seal
means for establishing a  other shear pin constructions or by the use of
fluid-tight seal at one end of the total air commu-  rupture disks or other
means as would be readily nicating chamber defined within the wall 62 of
the  known to those skilled in the art. inner housing 24. The wall 82 of
the barrier mem-     The igniting means 28 in the preferred embodi- ber 78
also has a plurality, four in the preferred   45  ment includes explosive
means for generating an embodiment, of cavities, two of which are
identified  explosive jet for application to the lateral barrier by the
reference numeral 92 in FIG. 2B, which are  wall 80 of the inner housing
24, the barrier wall 16 aligned with the openings 44 of the outer housing
of the stinger 8 and, ultimately, the explosive 14 in 22 when shear pins 94
are received in the aligned  the stinger 8. This explosive means is
disposed in openings 44, 92.                             50  the chamber
portion defined by the inner surface The shear pins 94 are part of the
retainer     68 of the wall 62 of the inner housing 24. This means 26,
which part constitutes frangible means  chamber portion is in fluid
communication with the for holding the inner housing 24 within the cavity
of  air chamber portion defined by the surface 66 in the outer housing 22
and stationary relative to the  view of the seal 90 being disposed in
sealing 



outer housing 22. The shear pins 94 have inherent  55  engagement with the
wall 62 near the lower end of shear strengths. In the preferred embodiment
shear  the surface 68. In the preferred embodiment the pins with relatively
small shear strengths are se-  explosive means includes a shaped charge 108
of lected so that a relatively small force can be ap-  primary explosive of
a type known to the art. The 5    9                 EP 0 256 723 B1
10 shaped charge is substantially cylindrical but has a  which can be used
to extract the piston from the [err] concave face 110 directed at the
counter-  housings. bore 84 of the barrier member 78. This end of the    A
circumferential groove 136 is defined around shaped charge 108 abuts the
annular end surface   the wall 124 below the groove 132. The groove 136 86
of the barrier member 78 as shown in FIG. 2B.    5   receives an end
portion 138 of the shear pin 102 to The explosive means also includes an
annular   hold the piston 120 stationary relative to the inner spacer
member 112 disposed in the chamber of      housing 24 even when the dogs 96
have been the inner housing 24 adjacent the end of the      released from
the groove 132. shaped charge 108 opposite the end abutting the
Additional circumferential grooves, identified by barrier member 78.
Disposed in the chamber adja-  10  the reference numerals 140, 142 are
defined ar- cent the spacer member 112 opposite the shaped    ound the wall
124 of the piston 120. O-ring/back-up charge 108 is an initiator charge 114
which in the  ring sets 144, 146 are received in the grooves 140, preferred
embodiment is a Vann High Temperature   142, respectively, for defining a
sliding seal be- Initiator of a type as known to the art. The opposite
tween the firing piston 120 and the surface 66 of end of the initiator
charge 114 lies near or abuts  75  the wall 62 of the inner housing 24 so
that a the beveled shoulder surface 70 of the inner hous-  variable sealed
volume is defined within the cham- ing 24.
ber of the inner housing 24 between these seal Other configurations of the
explosive means    sets 144, 146 and the seal defined by the O-ring [err]
be utilized. One such alternative, but not by  90. The variability of this
sealed volume is way of limitation, would be to space the initiator  20
achieved by means of the sliding movement which charge 114 farther from the
shaped charge 108     can be imparted to the firing member 118 relative and
functionally interconnect the two by a detonat-  to the inner housing 24 as
subsequently described. ing cord of a suitable type known to the art.
The firing pin 122 connected to the firing piston The explosive means of
the igniting means 28   120 is of a suitable type known to the art and is
fired in response to an impact force caused by   25  having, in the
preferred embodiment, a configura- moving the initiating means 30 against
an upper   tion as illustrated in FIG. 2A. This configuration surface 116
of the initiator charge 114. In the   allows the firing pin 122 to contact
and penetrate preferred embodiment this initiating means 30 in-  the
surface 118 of the initiator charge 114 when the cludes a slidable firing
member 118 initially re-  firing member 118 is moved downwardly in re-
ceived and held in the upper end of the air cham-  30  sponse to a fluid
pressure communicated through ber defined by the surface 66 of the inner
housing  the openings 52 in the outer housing 22. 24. The firing member 118
includes a firing piston    The firing member 118 is held against such 120
and a firing pin 122 threadedly received in the  downward movement by the
holding means 32. In lower end of the piston 120 as shown in FIG. 2A.  the
preferred embodiment the holding means 32 is The piston 120 is
substantially cylindrical as  35  defined by the end portion 138 of the
shear pin defined by an integral wall 124 having an inner   102 which holds
the firing member 118 near the surface 126 extending axially through a
major por-  top of the inner housing 24 so that, in this position, [err] of
the length of the piston 120 to a threaded   the maximum variable sealed
volume is defined in outlet 128 in which the firing pin 122 is threadedly
that the separation between the seal sets 144, 146 received. Defined
radially through the wall 124 are  40  and the seal 90 is at its maximum.
The frangible ports 130 which communicate the air pressure      member
defined by the shear pin 102 in the pre- within the air chamber of the
inner housing 24 into  ferred embodiment thus engages both the dog the
interior of the piston 120. This hollow interior  retainer collar 98 and
the firing member 118. When region of the piston 120 provides a reduced
mass  the pin 102 is intact, it holds the firing member 118 to the piston
120, which is of significance in insur-  45  spaced from the explosive
means of the igniting ing that the bar 2 is able to pass "drop test" safety
means 28 which is disposed in the variable volume requirements or goals.
This hollow interior region  of the chamber of the inner housing 24 near
the also provides a larger volume into which the air  opposite end, near
where the seal 90 is estab- within the chamber of the inner housing 24 can
be  lished. This end of the pin 102 not only holds the received when the
firing member 118 slides down-  50  firing member 118 away from the
igniting means wardly into contact with the initiator charge 114.  28, but
it also prevents the firing member 118 from The wall 124 of the piston 120
also has an     "backing out" of the inner housing 24 in response 



external circumferential groove 132 for receiving  to the air pressure
acting on the nose of the firing the dogs 96 when the dogs 96 are held by
the      member 118 within the air chamber of the inner retainer collar 98.
55  housing 24. This "backing out" could otherwise Defined axially into the
end of the wall 124   occur while the bar 2 is being lowered into the
opposite the opening into the threaded outlet 128 is  tubing string 4 prior
to encountering a hydrostatic a threaded bore 134 for connecting to a
fishing tool  fluid level. 6    11                EP 0 256 723 1B
12 To use the present invention in the environ-    existing within the
tubing string 4. ment illustrated in FIG. 1, the detonator bar 2 is
Once the dogs 96 have been released and lowered into the tubing string 4 on
the slick line 6  separated from the firing member 118, the firing until it
stabs over the receiving end of the stinger 8.  member 118 is then held
stationary relative to the This can be facilitated by using a suitable
guide   5   inner housing 24 by means of only the end 138 of structure as
known to the art. In stabbing the deto-  the shear pin 102. It is with this
end 138 that the nator bar 2 over the receiver, the upper surface of
predetermined holding force is defined, which hold- the barrier wall 16 is
received into the lower end of  ing force is overcome only in response to
the the outer housing 22 within the space defined by   application or the
existence of a sufficient pressure the inner surface 40 of the outer
housing 22 and   10  differential between a pressure acting downwardly the
lower surface of the barrier wall 80 of the inner  on the firing piston 120
and the opposing air pres- housing 24.
sure contained within the chamber of the inner In stabbing the detonator
bar 2 onto the re-    housing 24. Although this predetermined holding
ceiver 8, the detonator bar is caused to strike this  force can be of any
suitable strength, in the pre- portion of the perforator with a force
sufficient to  15  ferred embodiment it is contemplated that the hold-
break the portion of the retainer means 26 defined  ing strength will
require a pressure differential of by the frangible shear pins 94 and the
outer end of  approximately 500 pounds per square inch. the shear pin 102.
This striking or impact force can   Once the pressure differential Is
sufficient, the be achieved simply through the lowering force from  pin 102
is broken at the end 138 and the firing the weight of the detonator bar and
the slick line 6   20   member 118 moves downwardly through the inter- or
by using a jarring tool and jar weights located  vening air chamber into
contact with the initiator above the detonator bar in a manner as would be
charge 114. In the preferred embodiment the inter- readily known to those
skilled in the art. This strik-  vening air chamber is made a sufficient
length to ing force need only be relatively small because it  allow the
firing member 11B to generate a sufficient needs to overcome only the shear
strength estab-   25  firing or initiating force to fire the initiator
charge lished by whatever number of shear pins 94 are     114. used and the
single shear pin 102.                     When a sufficient impact between
the firing pin In breaking the shear pins 94 and the shear pin  122 and the
initiator charge 114 occurs, the initiator 102, the outer housing 22 moves
relative to the    charge 114 explodes and throws out a fire plate inner
housing 24. Once the shear pins 94, 102   30  which passes through the open
center of the an- have been broken, the outer housing 22 is free to  nular
spacer member 112 to impact upon and move farther longitudinally relative
to the inner  detonate the shaped charge 108 of primary explo- housing 24.
This movement of the outer housing 22  sive. The shaped charge 108
generates an explo- is downward in view of the inner housing 24 being  sive
jet focused by means of the conical concave held stationary on top of the
stinger 8 and in view   35  face 110 and the counterbore 84 of the barrier
of the abutment between the lower portion of the   member 78. The charge
108 and the length of the wall 62 of the inner housing 24 and the shoulder
42  barrier member 78 are designed so that the explo- of the outer housing
22. This lowering action is   sive jet will have a sufficient force to
penetrate the achieved by releasing tension from the slick line 6  barrier
wall 80 of the detonator bar 2 and the or by utilizing jar weights or other
suitable means   40  barrier wall 16 of the stinger 8 to ignite the explo-
to apply a sufficient weight on the outer housing  sive charge 14 contained
in the stinger 8. When 22.
the explosive charge 14 ignites, it activates the When downward movement of
the outer hous-       detonating cord 18 to fire the shaped charges 20 ing
22 occurs relative to the inner housing 24, the  by which the well bore is
perforated. dog retainer collar 98 is carried with the outer  45   Thus,
the present invention needs only a rela- housing 22 in view of it being
coupled to the outer  tively small impact force between the detonator bar
housing 22 by the set screws 50. After sufficient  and the object to be
exploded in the subterranean downward movement, the dog retaining collar 98
well to release the detonator bar to be fired by no longer holds the dogs
96 in the groove 132 of   another force existing within the well, such as
the the firing piston 120. This releases this retaining   50  hydrostatic
pressure within the tubing on which a 



force which has theretofore locked the firing mem-  perforator is conveyed
into the well. Furthermore, ber 118 against any downward movement relative
the present invention can be carried on a slick line to the inner housing
24. In the preferred embodi-  and still be reliably operated without risk
of being ment the dogs 96 are tended to be forced out of    unable to
retrieve a malfunctioning or non-function- the groove 132 by the pressure
communicated into  55  ing detonator. The pressure assisted firing feature
the interior of the outer housing 22 through the   of the present invention
provides a safety factor in openings 52. In the preferred embodiment this
that no detonation will occur until a sufficiently pressure is a
hydrostatic pressure from the fluid  large pressure differential is
encountered, which 7    13                EP 0 256 723 B1
14 such differential would likely not be encountered at  3  Apparatus
according to claim 1 or 2, wherein [err] surface where personnel would be
carrying the       said igniting means (28) includes explosive detonator.
By having the primary explosive in a        means (108), disposed in said
inner housing detonator bar which is carried into the well sepa-     means,
for generating an explosive jet for ap- rately from the perforating gun,
there is no chance   5  plication to said object (8) located in the well;
of accidentally firing the gun before it is located    and said inner
housing means (24) includes a downhole.
barrier member having a lateral wall (80), de- Thus, the present invention
is well adapted to      fining a lower barrier which engages the object
carry out the objects and attain the ends and          (8) in the well in
generating the impact force, advantages mentioned above as well as those
in-  10    and a longitudinal wall (82), extending from herent therein.
While a preferred embodiment of        said lateral wall and engaged by
said retainer the invention has been described for the purpose       means
and defining a predetermined spacing of this disclosure, numerous changes
in the con-       for separating said explosive means from said struction
and arrangement of parts and the perfor-     lateral wall by a distance
tending to allow opti- mance of steps can be made by those skilled in  15
mum formation of the explosive jet when said the art, which changes are
encompassed within the      firing member (118) strikes said igniting means
invention as defined by the appended claims.           (28). claims
4. Apparatus according to claim 1,2 or 3, wherein 20      said outer
housing means (24) includes means 1. Apparatus (2) for lowering into a well
(12) to      (54) for connecting with a slick line (6) on detonate an
explosive (14) contained on an         which said apparatus can be
controllably object (8) located in the well, comprising: ignit-  lowered
into the well. ing means (28) for igniting the explosive; ini- tiating
means (30) for initiating the operation of  25  5. A tubing conveyed
perforator which comprises said igniting means in response to a fluid pres-
a perforating gun (10) and an upstanding sting- sure, said initiating means
including a slidable   er (8) containing an explosive charge (14) and
firing member (118); inner housing means (24)      a detonating cord (18)
connecting the charge for carrying said igniting means; outer housing    to
the gun, the perforator also including a means (22) for carrying said inner
housing   30    detonator apparatus as claimed in any of means; and
retainer means (26) for retaining,      claims 1 to 4 for lowering into
impact with said with a retaining force, said inner housing         stinger
to detonate the explosive charge (14). means stationary relative to said
outer housing means until an impact force, generated by       6. The use of
an apparatus according to any of engagement of said inner housing means
with  35    claims 1 to 4, for detonating an explosive (14) the object (8)
in the well, exceeds the retaining  in a well (12). force; characterised in
that said initiating means (30) is carried by said inner housing
Patentanspriche means (24), and said inner housing means includes an air
chamber through which said  40  1. In elne Bohrung (12) hinablatbare
Vorrichtung firing member (118) moves to connect with           (2) zur
Auslosung einer Sprengladung (14) an said igniting means (28); and wherein
holding      einem in der Bohrung befindlichen Gegenstand means (32) are
provided for holding, with a        (8) enthaltend ZUndmittel (28) zur
ZUndung der holding force, said firing member stationary
Sprengladung; Ausldsemittel (30) mit einem relative to said inner housing
means (24) until  45  gleitfahigen Zlndglied (118) zur Ausl6sung der a
fluid pressure, communicated through said         Tgtigkeit der ZUndmittel
beim Ansprechen auf outer housing means (22) to said holding
Fluiddruck; die Zlndmittel tragende innere Ge- means, exerts a force
exceeding the holding        hausemittel (24); die inneren Gehlusemittel
force whereby when the fluid pressure exerting     tragende iufiere
Gehlusemittel (22); und Hal- 



a force exceeds the holding force of said hold-  50  temittel (26), welche
die inneren Gehiusemittel ing means said firing member moves through
gegenlber den Auleren GehAusemitteln mit the air chamber in said inner
housing to con-       einer Haltekraft festhalten, bis eine durch den nect
with said igniting means.                     Angriff der inneren
Gehausemittel an dem Ge- genstand (8) in der Bohrung erzeugte Stolkraft 2.
Apparatus according to claim 1, wherein the   55    die Haltekraft
Obersteigt, slidable firing member (118) is disposed in        dadurch
gekennzeichnet, dael die Ausl6semittel said inner housing means (24).
(30) von den inneren Gehausemitteln (24) ge- tragen sind und die inneren
Gehausemittel 8    13                EP 0 256 723 B1                    14
such differential would likely not be encountered at  3. Apparatus
according to claim 1 or 2, wherein [err] surface where personnel would be
carrying the      said igniting means (28) includes explosive detonator. By
having the primary explosive in a       means (108), disposed in said inner
housing detonator bar which is carried into the well sepa-    means, for
generating an explosive jet for ap- rately from the perforating gun, there
is no chance   5  plication to said object (8) located in the well; of
accidentally firing the gun before it is located   and said inner housing
means (24) includes a downhole.
barrier member having a lateral wall (80), de- Thus, the present invention
is well adapted to     fining a lower barrier which engages the object
carry out the objects and attain the ends and         (8) in the well in
generating the impact force, advantages mentioned above as well as those
in-  10   and a longitudinal wall (82), extending from herent therein.
While a preferred embodiment of       said lateral wall and engaged by said
retainer the invention has been described for the purpose      means and
defining a predetermined spacing of this disclosure, numerous changes in
the con-      for separating said explosive means from said struction and
arrangement of parts and the perfor-    lateral wall by a distance tending
to allow opti- mance of steps can be made by those skilled in  is    mum
formation of the explosive jet when said the art, which changes are
encompassed within the     firing member (118) strikes said igniting means
invention as defined by the appended claims.          (28). Clalms
4. Apparatus according to claim 1,2 or 3, wherein 20      said outer
housing means (24) includes means 1. Apparatus (2) for lowering into a well
(12) to     (54) for connecting with a slick line (6) on detonate an
explosive (14) contained on an         which said apparatus can be
controllably object (8) located in the well, comprising: ignit-  lowered
into the well. ing means (28) for igniting the explosive; ini- tiating
means (30) for initiating the operation of  25  5. A tubing conveyed
perforator which comprises said igniting means in response to a fluid pres-
a perforating gun (10) and an upstanding sting- sure, said initiating means
including a slidable   er (8) containing an explosive charge (14) and
firing member (118); inner housing means (24)      a detonating cord (18)
connecting the charge for carrying said igniting means; outer housing    to
the gun, the perforator also including a means (22) for carrying said inner
housing   30    detonator apparatus as claimed in any of means; and
retainer means (26) for retaining,      claims 1 to 4 for lowering into
impact with said with a retaining force, said inner housing         stinger
to detonate the explosive charge (14). means stationary relative to said
outer housing means until an impact force, generated by      6. The use of
an apparatus according to any of engagement of said inner housing means
with  35    claims 1 to 4, for detonating an explosive (14) the object (8)
in the well, exceeds the retaining  in a well (12). force; characterised in
that said initiating means (30) is carried by said inner housing
PatentansprUche means (24), and said inner housing means includes an air
chamber through which said  40  1. In eine Bohrung (12) hinablalbare
Vorrichtung firing member (118) moves to connect with         (2) zur
Ausl6sung einer Sprengladung (14) an said igniting means (28); and wherein
holding      einem in der Bohrung befindlichen Gegenstand means (32) are
provided for holding, with a        (8) enthaltend ZUndmittel (28) zur
Zindung der holding force, said firing member stationary
Sprengladung; Auslosemittel (30) mit einem relative to said inner housing
means (24) until  45  gleiffghigen ZfJndglied (118) zur Ausl6sung der a
fluid pressure, communicated through said        TAtigkeit der Zindmittel
beim Ansprechen auf outer housing means (22) to said holding
Fluiddruck; die Z~ndmittel tragende innere Ge- means, exerts a force
exceeding the holding        h~usemittel (24); die inneren Gehiusemittel 



force whereby when the fluid pressure exerting     tragende MuBere
Gehausemittel (22); und Hal- a force exceeds the holding force of said
hold-  50  temittel (26), welche die inneren Gehdusemittel ing means said
firing member moves through         gegenTiber den duBeren Gehdusemitteln
mit the air chamber in said inner housing to con-      einer Haltekraft
festhalten, bis eine durch den nect with said igniting means.
Angriff der inneren Gehdusemittel an dem Ge- genstand (8) in der Bohrung
erzeugte Stolkraft 2. Apparatus according to claim 1, wherein the   55
die Haltekraft Gbersteigt, slidable firing member (118) is disposed in
dadurch gekennzeichnet, daO die Ausl6semittel said inner housing means
(24).                    (30) von den inneren Gehausemitteln (24) ge-
tragen sind und die inneren Gehausemittel 8    15       .
EP0256723B1                       16 eine Luftkammer enthalten, durch die
sich das  Revendloatlons ~,,i,,   Z(ndglied (118) zur Verbindung mit den
Zind- mitteln (28) bewegt; und daO Haltemittel (32)  1. Appareil (2) pour
I'abaissement dans un puits zur festen Halterung des ZOndgliedes mit elner
(12) afin de d6toner un explosif (14) contenu Haltekraft gogenubor den
inneren Gehdusemit-   5  sur un objet (8) situe dans le puits, comportant
teln (24) vorgesehen sind, bis ein durch die       un moyen d'allumage (28)
pour l'allumage de duBeren Gehausemittei (22) auf die Haltemittel
l'explosif; un moyen dOinitiation (30) pour initier ilbertragener
Fluiddruck eine die Haltekraft      le fonctionnement du dit moyen
d'allumage en Obersteigende Kraft ausUbt, wodurch sich das      reponse a
la pression d'un fluide, le dit moyen ZUndglied durch die Luftkammer in den
inne-  10   d'initiation comportant un 6eiment percuteur ron Gehausemitteln
zur Verbindung mit den         coulissable (118); un moyen de logement
inte- ZUndmitteln bewegt.                               rieur (24) pour
I'acheminement du dit moyen d'allumage; un moyen de logement exterieur 2.
Vorrichtung nach Anspruch 1, dadurch gekenn-       (22) pour I'acheminement
du dit moyen de zeichnet, daB das gleitffhige ZUndglied (118)  J5
logemrent intdrieur; et un moyen de retenue in den inneren Gehausemitteln
(24) angeordnet     (26) pour la retenue, avec une force de rote- ist.
nue,.du dit moyen de logement interieur sta- tionnaire relativement au dit
moyen de logo- 3. Vorrichtung nach Anspruch 1 oder 2, dadurch        ment
ext6rieur jusqua ce qu'une force de gekennzeichnet, dal die Z~ndmiftel (28)
in den   20  choc, gen6r6e par l'engagement du dit moyen inneren
Gehausemitteln angeordnete Sprang-        de logement interieur avec
l'objet (8) dans le mittel (108) enthalten, mittels derer ein Spreng-
puits, d~passe la force de retenue; caracteris6 strahl erzeugbar ist, der
den in der Bohrung      en co que le dit moyen d'initiation (30) est
befindlichen Gegenstand (8) beaufschlagt; und     transport6 par le dit
moyen de logement inte- daR die inneren Gehausemittei (24) ein Trenn-  25 .
reur (24), et le dit moyen de logement inte- glied mit elner Stirnwand (80)
enthalten, die ein  rieur comprend une chambre a air au travers unteres
Hindernis bestimmt, das be! der Er-       de laquelle I'el6ment percuteur
(118) se depla- zeugung der Stollkraft dem Gegenstand (8) in      ce pour
se connecter au dit moyen d'allumage der Bohrung anliegt, und eine
LAngswand (82)      .(28); et dans loquel des moyens de maintion enthalten,
die von der Stirnwand ausgeht, an   30  (32) sont fournis pour maintenir,
avec une for- der die Haltemittel angreifen und die einen       ce do
maintien, le dit 6elment percuteur sta- vorgogebenen  Abstand zur Trennung
der            tionnaire relativement au dit moyen de loge- Sprengmittel
von der Stirnwand um elne Ent-       ment interieur (24) jusqu'A ce qu'une
pression fernung bestimmt, die beim Aufschlagen des        de fluide,
communiquee par le dit moyen de ZUndgliedes (118) auf die ZUndmittel (28)
opti-  35  logement exterieur (22) au dit moyen de main- male Bildung des
Sprengstrahis gestattet.         tien, .exerce une force depassant la force
de maintien par laquelle quand la pression du 4. Vorrichtung nach Anspruch
1, 2 oder 3, da-        fluide exergant une force durch gekennzeichnet, daB
die AuBeren Ge-         d6passe la force de maintien du dit moyen de
hlusemittel (24) Mittel (54) zur Verbindung mit  40  maintien, le dit
element percuteur se d6place einem Kabel (6) enthalten, an der die Vorrich-
*au. travers de la chambre A air dans le dit tung kontrollierbar in die
Bohrung hinablaBbar    logement .interieur pour se connecter au dit ist.
moyen d'allumage. 5. Von einem  Rohr getragene Perforiervorrich-  45  2.
Appareil selon la specification 1, dans loquel tung, die eine
Perforierkanone (10) und ein       l'.61Iment percuteur coulissable (118)
est dis- aufragendes Stechglied (8) aufweist, das eine     pos6 dans i8 dit
moyen de logement exterieur 



Sprengladung (14) und oine Ztndschnur (18)        (24). zur Verbindung der
Ladung mit der Kanone enthalt, und ferner elne ZUndvorrichtung nach   5o
S. Appareil selon la sp6cification 1 ou 2, dans einem der AnsprUche 1 bis 4
zum Herablassen       loquel le dit moyen d'allumage (28) comprend und
Aufschlag auf das Stechglied flr die ZUn-     un moyen explosif (108)
dispose dans le dit dung der Sprengladung (14) enthalt.               moyen
do logement int6rieur, pour la gen6ra- tion. d'un jet explosif pour
application au dit 6. Verwendung einer Vorrichtung nach einem der  55
objet (8) situe dans le puits; et le dit moyen de AnsprUche 1 bis 4 zur
Zandung eines Spreng-       togement interieur (24) comprend un el6ment
stoffs (14) in einer Bohrung (12).                barriere disposant d'une
parol laterale (80), de- finissant une barriere inf6rieure qui engage I
Illi 111111 111111 11111111111 * C L M S *    17                 EP 0 256
723 B1                     18 I'objet (8) dans le puits dans la g6neration
de *,_,  la force de choc, et une paroi longitudinale (82), s'etendant de
la dite paroi laterale et engagee par le dit moyen de retenue et d6fi-
nissant un espacement preddtermin6 pour la   5 separation du dit moyen
explosif de la dite parol laterale par une distance tendant a per- mettre
la formation optimale du jet explosif quand le dit element percuteur (1 18)
percute le dit moyen d'allumage (28).                  70 4. Apparell
conform6ment aux specifications 1, 2 ou 3, dans lequel le dit moyen de
logement exterieur (24) comprend des moyens (54) de connexion d'un cable
vers les schlichs (6) sur   i5 lequel le dit appareil peut Otre abaiss6 de
manibre contr8lable dans le puits. Un perforateur achemin6 en tubage qui
corn- porte un canon perforateur (10) et une combi-  20 naison droite (8)
de tr6pan pour roches et d'alesoir contenant une charge explosive (14) et
un cordon de d6tonation (18) connectant la charge au canon, le perforateur
comprenant aussi un appareil d6tonateur comme il est re-  25 vendiqu4 dans
n'importe laquelle des sp6cifi- cations de 1 a 4 pour labaissement jusqu'A
l'impact avec la dite combinaison de tr6pan pour roches et d'alesoir pour
d~toner la charge explosive (14).                             30 6.
L'utilisation d'un appareil selon n'importe la- quelle des specifications
de 1 a 4, pour la detonation d'un explosif (14) dans un puits (12).
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