
1                 EP0190864B1                        2 escription
the other side of the piston being in communication with a sealed low
pressure zone. Thus, this speci- This invention relates to pressure
responsive   fication describes a pressure responsive downhole downhole
well tools, and more particularly to pres-  well tool which comprises: a
housing having an sure responsive safety valves.                 5   upper
end adapted to be connected to a tubing In both drilling and production
operations, con-  string, and having a housing bore adapted to be ditions
sometimes occur which make it necessary    communicated with a tubing bore
of said tubing quickly to close the drill string tubing or production
string; a ball valve disposed in said housing; and tubing in order to shut
off flow of fluid from the  actuating means, operably associated with said
ball formation. Tubing string valves for use in drilling,  10  valve, for
inducing a first actuating movement of testing and producing wells are well
known. Such    said ball valve from a first postion thereof to a valves are
often constructed to be responsive to   second position thereof relative to
said housing in changes in well annulus pressure. Two examples of  response
to a change in pressure in response to a such annulus pressure responsive
valves are in our  relative pressure differential other than that existing
U.S.  patent  specifications  nos.  4,064,937   is  between said well
annulus and said tubing bore. (Barrington) and 4,063,593 (Jessup). In both
of     However, the valve of US-A- 4270610 cannot be re- these
specifications, the' well annulus pressure is  opened by downhole
pressures. applied to one side of a power piston defined on an    We have
now devised a valved well tool which actuating mandrel, and the other side
of the power  is non-cycling and which can be re-opened (after piston is in
communication with a sealed low pres-  20  closure) by tubing pressure as
in the tool of US-A- sure zone.
3842913 (supra). In U.S. 3842913 there is described a cycling
According to the present invention, there is safety-valve tool having a
valve which is biased    provided a pressure-responsive downhole well shut
by a spring and normally operated by the      safety-valve which comprises:
a housing having an same actuating means as the tools of the afore-  25
upper end adapted to be connected to a tubing mentioned U.S. patents. This
tool is also actuable  string, and having a housing bore adapted to be by
means of directionally applied tubing pressure,  communicated with a tubing
bore of said tubing being openable and lockable in response to tubing
string; a ball valve disposed in said housing; a first pressure, when the
tubing pressure exceeds any     actuating mandrel, operably associated with
said closing forces applied by the annulus pressure-   30  ball valve, to
move said ball valve from an open responsive valve actuating means and the
spring.   position thereof to a closed position thereof relative Another
manner of operating such a device is   to said housing in response to a
pressure differen- shown in U.S. patent specification no. 3,814,181   tial
other than that existing between said well an- (Young) which discloses a
cycling safety valve      nulus and said tubing bore and arising from a
which utilizes the ambient well annulus pressure,  35  change in pressure
in a well annulus outside said rather than an artificial change in well
annulus    housing; and a second actuating mandrel operable pressure, to
open and close a safety valve in      to induce a second actuating movement
of said ball response to sensed changes in pressure within the   valve
relative to said housing in response to a production tubing. A compression
spring continu-    change in pressure within the tubing bore; charac- ously
biases the valve open.                   40  tensed in that the second
mandrel is connected to Also, other safety valves have been designed  - and
moves with the ball valve, and the first mandrel to be operated by
artificially imposed changes in  is releasably connected to the second by
releas- pressure within the production tubing, such as for  able connecting
means which releasably connect example in U.S. patent specification no.
3,850,238  said first and second actuating mandrels when said (Hill).
45  ball valve is initially in its said open position, and An actuator
suitable for use with a safety-valve,  release said first actuating mandrel
from said sec- in some applications, is described in U.S. 4252188.  ond
actuating mandrel as said first actuating man- This actuator has a cycling
action, being movable   drel moves said ball valve from its said open from
a first position to a second position in re-   position to its said closed
position; whereby said sponse to increased annulus pressure, and return-
50  first actuating mandrel can move said ball valve able to said first
position in response to increased  once only. tubing bore pressure and the
action of a spring        In a preferred embodiment, the tool is a safety
overcoming any antagonism by the annulus pres-     valve which utilizes
increases in well annulus pres- sure.
sure, as applied to the first side of a power piston In US-A- 4270610,
there is an example of a   55   which has a second side in communication
with a non-cycling, single-action annulus pressure respon-  sealed low
pressure zone, to induce a closing sive valve in which well annulus
pressure is applied  action of the valve. The valve is releasably locked to
one side of a power piston to close the valve,   in this closed position.
Subsequently, the valve can 2    



3                 EP O 190 864 B1                     4 be reopened by
increasing the pressure within the      The testing program includes
periods of forma- ubing string to create a downward pressure dif-    tion
flow and periods when the formation is closed erential across the closed
valve and an actuating    in. Pressure recordings are taken throughout the
mandrel to which it is connected. This downward      program to determine
the production capability of pressure differential can, for example, shear
a set   5   the formation. of shear pins in 'the releasable locking means,
to      A typical arrangement for conducting a drill allow the safety valve
to be returned to its open    stem test offshore is shown in FIG. 1. Such
an position.                                            arrangement would
include a floating work station Safety valves of the present invention are
par-  10 stationed over a submerged work site 12. The ticularly suitable
for use in an offshore well testing   10  well comprises a well bore 14
typically lined with a string. The valve is normally closed after the test-
casing string 16 extending from the work site 12 to ing program is
completed, but it can be re-opened    a submerged formation 18. The casing
string 16 once by applying pressure in the tubing bore so      includes a
plurality of perforations 20 at its lower that formation fluid produced
during the testing     end which provide communication between the for-
operation can be pumped back down into the well.  15   mation 18 and the
interior 21 of the well bore 14. This eliminates the problem  of disposal
of the         At the submerged well site 12 is located a well produced
formation fluid.                            head mechanism 22 which
includes blowout pre- In order that the invention may be more fully
venter mechanisms. understood, reference is made to the accompany-
A marine conductor 24 extends from the well ing drawings, in which:
20   head 22 to the floating work station 10. The floating FIGURE 1 is a
schematic elevational view of a     work station 10 includes a work deck 26
which typical well testing  apparatus utilizing  the    supports a derrick
28. present invention;                                    The derrick 28
supports a hoisting means 30. A FIGURES 2A-2D comprise an elevational
right-      well head closure 32 is provided at the upper end side only
section detailed view of one embodi-  25  of the marine conductor 24. The
well head closure ment of safety valve of the present invention, in  32
allows for lowering into the marine conductor 24 its initial open position;
and into the well bore 14 a formation testing string FIGURE 3 is similar to
the lower section of the   34 which is raised and lowered in the well by a
apparatus shown in Figure 2D, and illustrates     hoisting means 30. the
position of the actuating means after the ball  30  A supply conduit 36 is
provided which extends valve has, been closed and when the ball valve
from a hydraulic pump 38 on the deck 26 of the is releasably locked in its
closed position; and  floating station 10 and extends to the well head
FIGURE 4 is another view similar to Figures 2D    installation 22 at a
point below the blowout prevent- and 3 illustrating the position of the
actuating  ers to allow the pressurizing of the well annulus 40 means and
of the releasable locking means after   35   between the test string 34 and
the well bore 14 of the safety valve has been re-opened by the
casing string 16. application of tubing pressure.                       The
testing string 34 includes an upper conduit When it is desired to test the
production capa-  string portion 42 extending from the work station 10
bilities of the formation during the drilling of an oil  to the well head
installation 22. A hydraulically or gas well, a testing string is lowered
into the bore   40  operated conduit string test tree 44 is located at hole
to the formation depth. The valves in the       the lower end of the upper
conduit string portion 42 testing string are in an open position to permit
the  and is landed in the well head installation 22 to string to fill with
well bore fluid. When the testing  thus support the lower portion of the
formation depth is reached, well fluid is displaced out of the  testing
string 34. testing string with a less dense fluid, such as   45    The
lower portion of the formation testing string diesel, after which a packer
on the testing string is  34 extends from the test tree 44 to the formation
set to seal the bore hole thus isolating the forma-  18. tion from the
hydrostatic pressure of drilling fluid in  A packer mechanism 46 isolates
the formation the well annulus. A perforating gun, or series of    18 from
the fluids in the well annulus 40. A per- guns, is then lowered through the
testing string via  so  forating gun 48 is run via wireline to the lower
end wireline to perforate the casing adjacent the pro-   of the formation
testing string 34 to perforate cas- ducing formation. Formation fluids will
then be pro-  ing string 16 adjacent formation 18 and allow fluid duced
against the head of the diesel cushion. The    communication between the
formation 18 and the formation can be closed in by applying pressure in
interior or tubing bore of the tubular formation the well bore annulus
surrounding the testing   55  testing string 34. string, to close a tester
valve in the string. To       The lower portion of the formation testing
string permit another flow of formation fluid, annulus pres-  34 further
includes an intermediate conduit portion sure is released.
50 and torque transmitting pressure and volume 3    



5                EP 0 190 864 B1                    6 lanced slip joint
means 52. An intermediate con-  ferred to as a tubing bore which is
communicated \  t. portion 54 is provided for imparting packer  with the
housing bore 96. setting weight to the packer mechanism 46 at the
Safety valve 60 includes a rotatable ball valve lower end of the test
string 34.                  100, which may generally be referred to as an
It may be desirable to place near the lower end   5   operating element-
100, which is disposed within of the testing string a conventional
circulating valve  the housing 62. Ball valve 100 is shown in FIG. 2C 56
which may be opened by rotation or reciproca-  in its open position with
its ball valve bore 102 tion of the testing string, a combination of both,
by  aligned with and defining a portion of the housing the dropping of an
opening bomb in the interior of  bore 96. The ball valve 100 can be rotated
so that the testing string 34, or by application of a   io  its valve bore
102 is rotated 90  to close the pluralityof pressure changes in well bore
14 above  housing bore 96 and prevent the flow of fluids packer mechanism
46.                             therethrough past the ball valve 100. Also
near the lower end of the formation testing  The safety valve 60 includes
an actuating string 34 is located a tester valve 58 which is   means
generally and collectively designated by the preferably a tester valve of
the annulus pressure  15  numeral 104. The actuating means 104 is operably
operated type which closes upon the application of  associated with the
ball valve 100 for closing and well annulus pressure and re-opens when the
well  then re-opening the ball valve 100 in a manner annulus pressure is
returned to ambient levels   further described below; Located immediately
above the tester valve 58     Actuating means 104 includes a closing man-
is the safety valve 60 of the present invention The   20  drel 106 which
may generally be referred to as a safety valve 60 is designed to close at a
well    first actuating mandrel 106, disposed in the hous- annulus pressure
greater than that which is re-   ing 62. quired to operate the tester valve
58.               The closing mandrel 106 has a power piston Referring now
to FIGS. 2A-2D, the safety valve  108 disposed thereon. Power piston 108 is
slidably 60 of the present invention is there shown in a   25  received
within a cylindrical enlarged diameter pis- detailed elevation, right-side
only sectioned view.  ton bore 110 of power housing section 68, and The
safety valve 60 may generally be referred to  includes a sliding piston
seal 112 disposed in an as a downhole tool apparatus.
outer annular groove 114 of power piston 108 for Safety valve 60 includes a
housing 62 com-    sealing between power piston 108 and piston bore prised
of an upper adapter 64, a. shear set housing   30  110. section 66, a power
housing section 68, a release    A lower first side 116 of power piston 108
is housing section 70, a hall valve housing section 72,  communicated with
the well annulus 40 through a and a lower adapter 74.
power port 118 disposed through the side wall of Upper adapter 64 and shear
set housing sec-    power housing section 68. An upper second side tion 62
are threadedly connected at 76 with a seal  35  120 of power piston 108 is
communicated with a being provided therebetween by 0-ring 78.
sealed low pressure zone 122 defined between Shear set housing section 66
and power hous-   closing mandrel 106 and power housing section 68. ing
section 68 are threadedly connected at 80 with  Low pressure zone 122
contains air which initially a seal being provided therebetween by 0-ring
82.  is at approximately atmospheric pressure and tem- Power housing
section 68 and release housing   40  perature before the well test string
34 is placed in section 70 are threadedly connected at 84 with a  the well.
seal being provided therebetween by O-ring 86.       A plurality of 0-ring
seals 124 are disposed Release housing section 70 and ball valve
between closing mandrel 106 and a bore 126 of housing section 72 are
threadedly connected to-   power housing section 68 to seal the upper end
of gether at 88 with a seal being provided there-  45  sealed low pressure
zone 122. between by O-ring 90.                                A shock
absorber ring 128 is disposed imme- Ball valve housing section 72 and lower
adapt-  diately adjacent upper side 120 of power piston or 74 are
threadedly connected together at 92 with'  108 to prevent damaging impact
of power piston a seal being provided therebetween by O-ring 94.  108 with
the upper end of the sealed low pressure Housing 62 has a housing bore 96
disposed   so  zone 122. entirely through the length thereof.
In a manner to be described in more detail Upper adapter 64 includes an
internally thread-  below, the closing mandrel 106 is moved upward ed box
connection 98 for connection to those por-  within housing 62 in response
to an increase in tions of the well test string 34 located thereabove,
pressure within the well annulus 40 which creates so that the housing bore
96 will be communicated  55  an upward pressure differential across the
power with the bore of the well testing string 34. The well  piston .108.
This upward movement will cause the testing string 34 may be generally
referred to as a  ball valve 100 to be rotated to a closed position tubing
string, and its bore may generally be re-  closing the housing bore 96. 4



7                 EP0 190864 B1                      8 An upper shear pin
set 130, which may gen-         An  upper annular valve seat 164 is closely
erally be referred to as a first releasable locking  received within a
lower counterbore 166 of upper means 130, is operably associated with the
closing  seat holder 158 with a seal being provided there- mandrel 106 for
releasably locking  the ball valve in  between by 0-ring 168. A flat
annular spacer ring its  initial open position as illustrated in FIGS. 2A-
5   170 is received in counterbore 166 above upper 2D. The shear set 130
locks the closing mandrel    valve seat 16.4. 108 in its initial position
and accordingly holds the   A lower valve seat holder 172 is threadedly
ball valve 100 in its initial open position until the  connected to the
upper end of lower opening'man- pressure in well annulus 40 exceeds the
pressure   drel section 156 at threaded connection 174 with a in the sealed
low pressure zone 122 by a predeter-  10  seal being provided therebetween
by 0-ring 176. mined amount thus applying an upward force on         A
lower valve seat 178 is closely received the shear set. 130 sufficient to
shear the shear pins  within an upper counterbore 180 of lower valve 132
thereof.                                       seat holder 172 with a seal
being provided there- The shear set 130 includes the plurality of
between by .0-ring 182. shear pins 132 which are disposed through aligned
15  Two opposing Belleville type springs 186 are radial bores  of inner and
outer tubular cylindrical  received in counterbore 180 below lower valve
seat sleeves  134 and 136. An outer retaining sleeve 138  178. holds the
shear pins 132 in place.                     The ball valve 100 is
sealingly received be- An upper end of  outer sleeve 136 abuts a
tween upper and lower valve seats 164 and 178. downward facing annular
surface 1.40 of shear set  20  The upper and lower seat holders 158 and 172
housing section 66 to prevent upward movement      are held in position
about ball valve 100 by a thereof.
plurality of C-shaped clamps 188 of which only the A lower end 142 of inner
sleeve 134 is ar-      upper and lower ends 190 and 192 appear in FIG.
ranged to be engaged by an upward facing annular   2C. surface 144 of
closing mandrel 106, so that upward   25  A longitudinally extending
arcuate cross-sec- forces applied to closing mandrel 106 by power     tion
actuating arm .194 is held longitudinally fixed in piston 108 are applied
in shear across the shear   place relative to housing 62 between upper and
pins 132.                                           lower bearing rings 196
and 198. At the upper end of closing  mandrel 106, a        The upper
bearing ring 196 abuts a lower end cylindrical outer surface 146 thereof is
slidably  30  of release housing section 70, and has an O-ring received
within a cylindrical counterbore 148 of   200 and a spacer ring 202 located
in an upper upper adapter 64.                                  radially
inner groove thereof. Actuating means 104 further includes an open-      An
upper end 204 of actuating arm 194 is ing mandrel assembly 150 which may be
referred     received within a lower radially outer annular to as a second
actuating mandrel  150, which is  35  groove 206 of upper bearing ring 196.
A lower end slidably disposed in the housing 62 and is operably  208 of
actuating arm  194 is received within an associated with the ball valve
100 so that after the  upper radially outer annular groove 210 of lower
ball valve 100 has been moved to its closed posi-  bearing ring 198. tion
by closing mandrel 106, it can be reopened by     An actuating, lug 212
extends radially inward increasing the pressure within the tubing bore of
40  from actuating arm 194 and engages an eccentric tubing string 34 above
safety valve 60 and within  actuating bore 214 of ball valve 100. an  upper
portion 152 of housing bore 96 above the     There is another actuating arm
like the actuat- ball valve 100.                                    ing arm
194 which is not visible in the drawings When the tubing pressure is
increased above     and 'which is circumferentially located from the the
closed ball valve 100, this will create a down-  45  actuating arm 194 and
engages a second eccentric ward pressure differential across the opening
man-  . bore' such as 214 of the ball valve 100, so that drel 150 in a
manner further described below, to   when the ball valve 100 is moved
longitudinally move the opening mandrel 150 and the ball valve    upward
relative to the housing 62 from its initial 100 downward and to rotate the
ball valve back to  open position shown in FIG. 2C, the ball valve 100 an
open position like that shown in FIG. 2C.  5o  will be rotated to a closed
position closing the The opening mandrel 150 includes an upper
housing bore 96. Similarly, if the ball valve 100 is opening mandrel
section 154 located above ball     then moved back downward longitudinally
relative valve 100 and includes a lower opening mandrel     to the housing
62 to its position shown in FIG. 2C, section 156 located below ball valve
100.      .  it will be rotated back to its open position like that An
upper seat holder 158 is threadedly con-   55  shown in FIG. 2C. nected to
upper opening mandrel section 154 at         The lower opening mandrel
section 156 has a threaded connection 160 with a seal being pro-
cylindrical outer surface 216 closely and slidably vided therebetween by
0-ring 162.                  received within an upwardly open counterbore
218 5    



9                 EP 0 190 864 B1                    10 lower adapter 74
with a sliding seal being pro-  of actuating arms such as 194 which are
longitudi- ided therebetween by O-ring 220.                  nally fixed
relative to housing .62 causes the ball When the ball valve 100 is in a
closed position,  valve 100 to be rotated to a closed position. any
subsequent increase in pressure applied to the     When the outer tapered
surfaces 230 of heads tubing bore of tubing string 34 and to the upper   5
226 of collet fingers 224 reach a tapered transition portion 152 of housing
bore 96 above the closed    surface 240 of release housing section 70, the
ball valve 100 will create a downwardly acting     heads 226 are biased
radially outward by the differential pressure across the closed ball valve
spring collet fingers 224 into an increased internal 100 and the opening
mandrel 150, with the dif-     diameter bore portion 242 of release housing
sec- ferential pressure area being the circular area with-  io  tion 70
thus  allowing the ridge 232 of closing in counterbore 218 as defined by
the sliding seal  mandrel 106 to move further upward past the inner 220.
.              tapered surfaces 228 of heads 226, thus releasing As seen in
FIG. 2C, a releasable connecting     the closing mandrel 106 from the
opening' mandrel means 222 is operably associated with the closing   150.
mandrel 106 and the upper section 154 of opening   15  Referring now to
FIG. 2D, a releasable locking mandrel 150 for releasably connecting the
closing  means 244 is thereshown.   Releasable locking mandrel 106 and the
opening mandrel  150 when      beans 244 is operably associated with the
opening the ball valve 100 is in its initial open position as  mandrel 150
for releasably locking the opening seen in FIG  2C.    .
mandrel in its uppermost position corresponding to Releasable connecting
means 222 includes a   20  the closed position of the ball valve  100. The
plurality  of upwardly extending spring collet fingers  releasable locking
means 244 will subsequently 224 which are integrally formed on the upper
end   release the opening mandrel 150 and the operably of upper opening
mandrel section 154.              associated ball valve 100 to allow the
ball valve Each of the collet fingers 224 has a. head 226  100 to be
reopened when a downward pressure defined thereon. Each of the heads 226
further has   25  differential acting across the closed ball valve 100
defined thereon a lower radially inner tapered an-  and the opening mandrel
150 reaches a predeter- nular surface 228 and a lower radially outer
tapered  mined level as further described below. annular surface 230.
The releasable locking means 244 includes a Releasable connecting means 222
further in-     radially contractable shear set group 246, an in- cludes a
radially outward extending annular ridge   30  wardly open annular groove
248 defined in the 232 defined on a lower portion of closing mandrel
housing 62 and a radially outwardly open annular 106, and having defined
thereon an upper tapered   groove 250 defined in opening mandrel 150.
annular surface 234. adapted for engagement with      In FIG. 2D, the
releasable locking means 244 is the inner tapered surface 228 of the heads
226.    shown in its initial position corresponding to the When the closing
mandrel 106 and the opening   35  initial open position of the ball valve
100. The lower mandrel 150 are initially releasably connected to-  shear
set group 246 is disposed in the inwardly gether as shown in FIG. 2C, a
lower end 236 of     open groove 248, and the outwardly open groove opening
mandrel 106 abuts an upward facing an-     250 is located below the lower
shear set group 246 nular surface 238 of upper opening mandrel. sec-    and
the inwardly open groove 248. tion 154 and is held in place relative
thereto due to  40  The lower shear set group 246 includes a the fact that
the ridge 222 is trapped below the    plurality of separable arcuate shear
sets such as heads 226 of collet fingers 224.                   252, only
one of which is seen in FIG. 2. To close the ball valve 100, as previously
de-     Shear set 252 includes a radially inner piece scribed, pressure is
increased. in the well annulus  254 and a radially outer piece 256 joined
together 40 which is applied through power port 118 to the   45  by a
plurality of shear pins such as 258. The shear lower side 116 of power
piston 108. When the       pins 258 are received within aligned radial
bores upward force applied to the closing mandrel 106 is  disposed through
the radially inner and outer sufficient, the shear pins 132 of shear set
130 are  pieces 254 and 256. sheared, and the closing mandrel 106 then
moves        A resilient endless band 260 is received within upward
relative to the housing 62.       .    5   radially outer groove portions
262 of the outer Due to the connection between closing man-      pieces
256. The resilient band 260 may also be drel 106 and opening mandrel 150 by
releasable     referred to as a radial biasing means 260 operably
connecting means 222, the opening mandrel 150      associated with the
plurality of shear sets such as and. the ball valve 100 are pulled
longitudinally  252 for biasing the plurality of shear sets 252 upward
relative to housing 62 by the closing man-  55  radially inward toward
lower opening mandrel sec- drel 106.
tion 156 and particularly toward the outwardly open This upward movement of
ball valve 100 rela-    groove 250 thereof when the outwardly open tive to
the housing 62 and relative to the lugs 212  groove 250 becomes
longitudinally aligned with the 6    



11                EP 0 190 864 B1                    12 wardly open groove
248.                           These concentric rings are held together by
the FIG. 3 illustrates the position of the releasable  shear pins 258, and
then are cut along radial lines locking means  244 after the closing
mandrel 106   to form the arcuate shear sets 252.. has moved the opening
mandrel 150 and the ball         Also partly shown in FIGS. 2D, 3 and 4, is
a valve 100 upward to rotate the ball valve 100 to its   5   bleeder valve
assembly 270 disposed in a trans- closed position. In this position, the
outwardly open  verse bore 272 of lower adapter 74 for permitting groove
250 is longitudinally aligned with the in-  fluid trapped within 'the
housing bore 96 to be wardly open groove 248, and the shear sets such
relieved therefrom under controlled conditions after as 252 have been moved
radially inward by the      the well testing string 34 is returned to the
work resilient band 260 so that the radially inner pieces   io  station 10.
such as 254 thereof are received within the out-       The safety valve 60
may be generally de- wardly open groove 250 of lower opening mandrel
scribed as including the housing 62 having a section 156, and so that the
radially outer pieces  threaded upper end 98 adapted to be connected to
such as 256 thereof are still received within the  the remainder of the
tubing string 34, and having radially inwardly open groove 248.
15  the housing bore 96 adapted to be communicated This releasably locks
the opening mandrel 150   with the tubing bore of the tubing string 34. in
its uppermost position corresponding to the         The operating element
or ball valve 100 is closed position of ball valve 100. The opening
disposed within the housing 62. mandrel 156 and ball valve 100 will remain
in this     The actuating means 104 is generally de- position until a
sufficient downward force is exerted   20  scribed as being operably
associated with the op- upon opening mandrel 150 and across the shear
orating element 100 for inducing a first closing pins 258 of shear set
group 246 to shear the shear  actuating movement of the operating element
100 pins 258 thus releasing the opening mandrel 150    from the first open
position of operating element and allowing it to move longitudinally
downward     100 seen in FIG. 2C to a second closed position of relative to
housing 62 to reopen the ball valve 100.   25  the operating element 100 in
response to a change This downward force as applied to upper open-   in
pressure in one of -the well annulus 40 outside ing mandrel section 154
will cause the heads 226   the housing 62 and the tubing bore of tubing
string of collet fingers 224 to be cammed radially inward  34 as
communicated with the housing bore 96. due to the interaction of tapered
surfaces 230 and  Particularly, this first actuating movement is ac- 240.
30  complished in response to an increase in pressure FIG. 4 illustrates
the final position of lower   within the well annulus 40 which exceeds the
pres- opening mandrel section 156 corresponding to the    sure trapped
within sealed low pressure zone 122 reopened position of the ball valve
100.           thus creating an upward pressure differential on It is seen
in FIG. 4 that the shear pins 258    power piston 108. have sheared, and
that the radially inner pieces   35  Actuating means 150 may also be
generally 254 of shear sets 252. remain trapped within the    described as
a means for inducing a second re- radially outwardly open groove 250 and
move         opening actuating movement of the operating ele- downward with
the opening mandrel 150, while the    ment 100 from its closed second
position to a radially outer pieces 256 of shear sets 252 remain  reopened
third position thereof relative to the hous- trapped within the radially
inwardly open groove   40  ing 62 in response to a change in pressure
within 248 and are further biased radially inward by resil-  the other of
said tubing bore of tubing string 34 ient band 260 so that they engage the
radially      and said well annulus 40 outside the housing 62. outer
cylindrical surface 216 of lower opening man-  Particularly, the second
reopening actuating move- drel section 156.
ment is induced in response to an increase in It is noted that due to this
further radially  45  pressure within the tubing bore of tubing string 34
inward movement of the radially outer pieces 256    and within the upper
portion 152 of housing bore of shear sets 252, the lower sides 266 of
radially  96 above the closed operating element 100. This outer pieces 256
of shear sets 252 are in a position  creates a downward pressure
differential across the to abut the upper sides 268 of radially  inner
pieces  operating element 100 and the opening mandrel 254, so that the
opening mandrel is prevented from   so  150, and particularly across the
circular differential moving back upward to a position such as that in
area defined within seal 220, due  to the higher FIG. 3 corresponding to
the fully closed position of  pressure within tubing bore 96 above
operating ball valve 100, thus the ball valve 100 is prevented  element 100
as compared to the pressure within from ever moving back to a fully closed
position.  tubing bore 96 below operating element 100. The shear set group
246 and particularly the   55  It can generally be said that at least one
of arcuate shear sets 252 are constructed from two    these first and
second acutating movements is concentric annular rings which ultimately
become    induced in response to a relative pressure other the radially
inner and outer pieces 254 and 256.    than that existing between the well
annulus 40 and 7    



13                EP 0 190 864 B1                   14 e tubing bore. That
is, the actuating movements  2C, so that the opening mandrel 150 and the
ball not both 'induced in response to differential  valve 100 are also
moved longitudinally upward ressures between the tubing bore and the well
relative to housing 62 by the upward movement of annulus.
closing mandrel 106. In fact, in the particular embodiment of the   5  As
the ball valve 100 is moved longitudinally invention illustrated in the
present application, both  upward relative to housing 62 it is rotated to a
of the actuating movements are in response to a   closed position by the
actuating lugs 212. relative pressure differential other than that existing
When the heads 226 of collet fingers 224 move between the well annulus 40
and the tubing bore.  upward past the annular tapered transition surface In
the disclosed embodiment, the first closing   10  240 of release housing
section 70, the collet fingers actuating movement is induced in response to
the  224 spring radially outward thus allowing the ridge relative pressure
differential between the well an-  232 of closing mandrel 106 to move
upward past nulus 40 and the sealed low pressure zone 122.  In  the heads
226 thus releasing closing mandrel 106 the second reopening actuating
movement, the      from the opening mandrel 150. movement is induced 'in
response to the relative   15  At this same time, when the opening mandrel
pressure differential within the tubing bore 96   150 is moved upward to a
position corresponding above and below the seal 220.                     to
the closed position of the ball valve 100, the The initial open position of
the ball valve 100  grooves 250 and 248 of the second releasable as seen in
FIGS. 2A-2D, and particularly in FIG.  locking means 244 are longitudinally
aligned as 2C, may generally be described as a first position.  20  shown
in FIG. 3, so that the shear sets 252 of The closed position of ball valve
100 corresponding  second releasable locking means 244 are biased to FIG. 3
may generally be described as a second  radially inward into engagement
with the groove position of the ball valve 100 or operating element  250
thus releasably locking the opening mandrel 100 relative to the housing 62.
The reopened posi-  150 in its uppermost position as shown in FIG. 3 tion
of ball valve 100 corresponding to FIG. 4 may   25  corresponding to the
closed second position of the generally be referred to as a third position
of the  ball valve 100. operating element 100 relative to housing 62.
Subsequently, if it is desired to reopen the It is noted that the first
position of ball valve  safety valve' 60, this can be accomplished by in-
100 corresponding to FIGS.' 2A-2D, and the third  creasing the pressure
within the tubing bore of position thereof corresponding to FIG.. 4 are the
30  tubing string 34 and thus within the upper portion same with regard to
the ball valve 100. That is, the  152 of housing bore 96 above the closed
ball valve ball valve 100 is open  in both its first and third  100 thus
creating a downward pressure differential positions.
acting upon the area within seal 220. More specifically, the operation of
safety valve  When this downward  pressure differential 60 is as follows.
35  reaches a level sufficient to cam the heaas 226 of The safety valve 60
is lowered into place within  collet fingers. 224 inward and to shear the
pins 258 the well bore 14 as a part of the testing string 34  of the shear
sets 252, the opening mandrel 150 will as schematically illustrated in FIG.
1.           be released upon shearing of the shear pins 258 The safety
valve 60 is initially oriented as   and the opening mandrel 150 then moves
down- shown in FIGS. 2A-2D with the baill valve 100 in its  40  ward to the
position shown in FIG. 4, corresponding open  position, and with the ball
valve 100 being  to a re-opened position of the ball valve 100. releasably
locked in its open position by the upper  In the position illustrated in
FIG. 4, the radially shear set 130. The shear set 130 prevents pre-
outer pieces 256 of the locking means 244 are mature closure of the ball
valve 100.             biased further radially inward against the outer
sur- When the testing program  is completed or  45  face 216 of lower
opening mandrel section 156 some condition occurs that makes it desirable
to  thus preventing the opening mandrel 150 from close the bore of the well
test string 34 to prevent  moving back upward to a position corresponding
to fluids from flowing therethrough, the pressure with-  a fully closed
position of the ball valve 100. in well annulus 40 is increased to a
predetermined level determined by the number, size and material  50 of the
shear pins 132, and by the differential 'area on power piston 108, to apply
an upward force to  Claims power piston 108 and to closing mandrel 106, to
thereby shear the shear pins 132 and move the     1. A pressure responsive
downhole well safety- closing mandrel 106 upward relative to housing 62.
55  valve tool which comprises: a housing (62) The closing mandrel 106 and
the opening man-      having an upper end (64) adapted to be con- drel 150
are initially releasably connected together  nected to a tubing string, and
having a housing by the releasable connecting means 222 of FIG.        bore
(96) adapted to be communicated with a 8    
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is, the actuating movements  2C, so that the opening mandrel 150 and the
ball not both  induced in response to differential  valve 100 are also
moved longitudinally upward pressures between the tubing bore and the well
relative to housing 62 by the upward movement of annulus.
closing mandrel 106. In fact, in the particular embodiment of the   5   As
the ball valve 100 is moved longitudinally invention illustrated in the
present application, both  upward relative to housing 62 it is rotated to a
of the actuating movements are in response to a    closed position by the
actuating lugs 212. relative pressure differential other than that existing
When the heads 226 of collet fingers 224 move between the well annulus 40
and the tubing bore.   upward past the annular tapered transition surface
In the disclosed embodiment, the first closing   10  240 of release housing
section 70, the collet fingers actuating movement is induced in response.to
the   224 spring radially outward thus allowing the ridge relative pressure
differential between the well an-  232 of closing mandrel 106 to move
upward past nulus 40 and the sealed low pressure zone 122. In  the heads
226 thus releasing closing mandrel 106 the second reopening actuating
movement, the       from the opening mandrel 150. movement is induced in
response to the relative   is  At this same time, when the opening mandrel
pressure differential within the tubing bore 96    150 is moved upward to a
position corresponding above and below the seal 220.                     to
the closed position of the ball valve 100, the The initial open position of
the ball valve 100  grooves 250 and 248 of the second releasable as seen in
FIGS. 2A-2D, and particularly in FIG.   locking means 244 are
longitudinally aligned as 2C, may generally be described as a first
position.  20  shown in FIG. 3, so that the shear sets 252 of The closed
position of ball valve 100 corresponding  second releasable locking means
244 are biased to FIG. 3 may generally be described as a second   radially
inward into engagement with the groove position of the ball valve 100 or
operating element  250 thus releasably locking the opening mandrel 100
relative to the housing 62. The reopened posi-  150 in its uppermost
position as shown in FIG. 3 tion of ball valve 100 corresponding to FIG. 4
may   25  corresponding to the closed second position of the generally be
referred to as a third position of the  ball valve 100. operating element
100 relative to housing 62.         Subsequently, if it is desired to
reopen the It is noted that the first position of ball valve  safety valve
60, this can be accomplished by in- 100 corresponding to FIGS. 2A-2D  and
the third    creasing the pressure within the tubing bore of position
thereof corresponding to FIG. 4 are the   30  tubing string 34 and thus
within the upper portion same with regard to the ball valve 100. That is,
the  152 of housing bore 96 above the closed ball valve ball valve 100 is
open in both its first and third  100 thus creating a downward pressure
differential positions.                                         acting upon
the area within seal 220. More specifically, the operation of safety valve.
When  this downward  pressure differential 60 is as follows.
35  reaches a level sufficient to cam the heaas 226 of The safety valve 60
is lowered into place within  collet fingers 224 inward and to shear the
pins 258 the well bore 14 as a part of the testing string 34  of the shear
sets 252, the opening mandrel 150 will as schematically illustrated in FIG.
1.            be released upon shearing of the shear pins 258 The safety
valve 60 is initially oriented as    and the opening mandrel 150 then moves
down- shown in FIGS. 2A-2D with the ball valve 100 in its  40  ward to the
position shown in FIG. 4, corresponding open  position, and with the ball
valve 100 being  to a re-opened position of the ball valve 100. releasably
locked in its open position by the upper   In the position illustrated in
FIG. 4, the radially shear set 130. The shear set 130 prevents pre-
outer pieces 256 of the locking means 244 are mature closure of the ball
valve 100.              biased further radially inward against the outer
sur- When the testing program  is completed or  45  face 216 of lower
opening mandrel section 156 some condition occurs that makes it desirable
to  thus preventing the opening mandrel 150 from close the bore of the well
test string 34 to prevent  moving back upward to a position corresponding
to fluids from flowing therethrough  the pressure with-  a fully closed
position of the ball valve 100. in well annulus 40 is increased to a
predetermined level determined by the number, size and material  so of the
shear pins 132, and by the differential area on power piston 108, to apply
an upward force to   Claims power piston 108 and to closing mandrel 106, to
thereby shear the shear pins 132 and move the      1. A pressure responsive
downhole well safety- closing mandrel 106 upward relative to housing 62.
55  valve tool which comprises: a housing (62) The closing mandrel 106 and
the opening man-       having an upper end (64) adapted to be con- drel 150
are initially releasably connected together   nected to a tubing string,
and having a housing by the releasable connecting means 222 of FIG.
bore (96) adapted to be communicated with a 8    
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said tubing string; a ball valve      ferential across said second
actuating mandrel (100) disposed in said housing; a first actuating   to
move said second actuating mandrel and mandrel (106), operably associated
with said        said ball valve longitudinally relative to said ball
valve, to move said ball valve from an          housing. open position
thereof to a closed position    5 thereof relative to said housing in
response to  5. A tool according to claim 4, further comprising a pressure
differential other than that existing     releasable locking means (244),
operably asse- between a well annulus and said tubing bore         ciated
with said second actuating mandrel, for and arising from a change in
pressure in said       releasably locking said ball valve in its said well
annulus outside  said housing; and a sec-   10  closed position. ond
actuating mandrel operable to induce a second actuating movement of said
ball valve   6. 'A tool according to claim 5, wherein said re- to said open
position  thereof relative to said     leasable locking means (244) is
arranged to housing in response to a change in pressure         release
said ball valve from its said second within the tubing bore; characterised
in that the   15  position when a downward pressure differential second
mandrel is connected to and moves             acting  on said  second
actuating  mandrel with the ball valve, and the first mandrel is
reaches a predetermined level. releasably connected tothe second by releas-
able connecting means (222) which releasably     7. A tool according to
claim 5 or 6, wherein said connect said first and second actuating man-
20    releasable locking means includes: a plurality drels when said ball
valve is initially in its said  of shear sets (252) disposed in an annular
open position, and release said first actuating      groove (248) of said
housing, each of said mandrel from said second actuating mandrel
shear sets including a radially inner piece as said first actuating mandrel
moves said ball      (254) and a radially outer piece (256) joined valve
from its said open position to its said   25   together by shear pin means
(258); a radially closed position; whereby said first actuating
outer annular groove (250) disposed in said mandrel can move said ball
valve once only.          second actuating mandrel; and radial biasing
means (260), operably associated with said 2. A tool according to claim 1
wherein: said first      plurality of shear sets, for biasing said
plurality actuating mandrel (106) is disposed in said   30     of shear
sets radially inward so that when said housing, and has a power piston
(108) dis-           ball valve is in its said second position, said posed
thereon, a first side (116) of said power     radially inner piece of each
of said shear sets piston being adapted to be communicated with        is
received in said radially outer annular said well annulus (40) and a second
side (120)       groove of said second actuating mandrel and of said power
piston being communicated with  35     said radially outer piece of each of
said shear a low pressure zone (122), so that said first        sets is
received in said annular groove of said actuating mandrel moves said ball
valve from         housing. its said open position to its said closed posi-
tion in response to an increase in pressure in said well annulus.
40   Revendlicatlons 3  A tool according to claim 2, characterised by
1. Outillage a valve de securite de fond de puits further comprising
locking  means (130) op-          commandee par la pression, qui comprend
erably associated with said first actuating man-     une enveloppe (62),
comportant une extremit6 drel for releasably locking said ball valve in its
45  sup6rieure (64) qui est agencee de fagon a initial open position until
pressure in said well    etre reliee a une colonne de tubage et qui annulus
exceeds a pressure in said low pres-         presente une lumiere
d'enveloppe (96) agen- sure zone by a predetermined amount.
cee de fagon A 8tre mise en communication avec une lumibre du tubage, une
soupape a 4. A tool according to claim 2 or 3, wherein said   50
obturateur sphdrique (100), disposee dans cet- second actuating mandrel
(150) is slidably dis-      to enveloppe, un premier fourreau d'actionne-
posed in said housing, said ball valve being         ment (106), associe en
cooperation fonction- longitudinally movable relative to said housing
nelle a l'obturateur spherique de la soupape with said second actuating
mandrel, so that          de facon a deplacer ce dernier d'une position
when said ball valve is in its closed position a   55  ouverte a une
position fermee de celui-ci par change in pressure within said tubing bore
and       rapport a l'enveloppe sous l'effet d'une diffd- in a portion of
said housing bore above said        rence de pression qui est autre que
celle exis- ball valve creates a longitudinal pressure dif-      tant entre
l'annulaire du puits et la lumiere du 11111 ll 11    i 
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provient d'une variation de la      gitudinalement par rapport a cette
enveloppe pression r6gnant dans I'annulaire de puits A         en meme
temps que le second fourreau d'ac- 1'exterieur de l'enveloppe, et un second
four-     tionnement, de sorte que, lorsque l'obturateur reau
d'actionnement servant a provoquer un         spherique est dans sa
position fermee, une second deplacement d'actionnement ae l'obtu-   5
variation de la pression regnant dans la lumie- rateur spherique de la
soupape vers la position    re de tubage et dans une partie de la lumibre
ouverte de ce dernier, par rapport a I'envelop-    d'enveloppe situee
au-dessus de l'obturateur, pe, sous l'effet d'une variation de la pression
spherique cree une difference de pression regnant dans la lumibre du
tubage, caracterise     s'exercant suivant la direction longitudinale et en
ce quo le second fourreau est solidaire de   10  entre les deux cotes du
second fourreau d'ac- l'obturateur spherique de la soupape et se
tionnement de fagon a deplacer ce second deplace avec celui-ci et en ce que
le premier      fourreau d'actionnement ot l'obturateur spheri- fourreau
est solidaire du second d'une manibre     que de soupape suivant la
direction longitudi- separable, a l'aide de moyens de solidarisation
nale par rapport a 1'enveloppe. s6parable (222) qui rendent solidaires,
d'une   15 manibre separable, le premier et le second     5.  Outillage
suivant la revendication 4, compre- fourreaux d'actionnement lorsque
l'obturateur      nant on outre des moyens de verrouillage do- spherique de
la soupape est initialement dans      verrouillables (244) associes on
cooperation sa position ouverte et qui separent du second
fonctionnelle avec le second fourreau d'action- fourreau d'actionnement le
premier fourreau   20    nement et permettant de verrouiller, d'une ma-
d'actionnement lorsque ce dernier deplace          nibre deverrouillable,
l'obturateur spherique de I'obturateur spherique de la soupape de sa
soupape dans sa position fermne. position ouverte a sa position fermee, de
sorte quo ce premier fourreau d'actionnement no       6  Outillage suivant
la revendication 5, dans le- pout deplacer l'obturateur sph6rique de la
sou-  25  quel les moyens de verrouillage d~verrouilla- pape qu'une seule
fois.                            bles (244) sont agences de fagon a lib6rer
l'obturateur spherique de soupape de sa se- 2. Outillage suivant la
revendication 1, dans le-      conde position lorsqu' une difference de
pres- quel le premier fourreau d'actionnement (106)      sion agissant vers
le bas sur le second four- est dispose dans 1'enveloppe et comporte, for-
30  reau d'actionnement atteint une valeur determi- me sur lui, un piston
de commando (108) dont        nee a I'avance. une premiere face (116) est
agencee de fagon a communiquer avec I'annulaire de puits (40),   7.
Outillage suivant la revendication 5 ou 6, dans tandis quo la seconue face
(120) de ce piston      lequel les moyens de verrouillage deverrouilla- de
commande commnunique avec une zone a   35        bIos comprennent plusieurs
groupes de cisail- faible pression (122), de sorte que le premier
lement (252) disposes dans une gorge annulai- fourreau d'actionnement
deplace l'obturateur        re (248) de 1'enveloppe, chacun de ces grou-
spherique de soupape de sa position ouverte a       pes de cisaillement
comprenant une pibce ra- sa position formee sous l'effet d'une augmen-
dialement interieure (254) et une pibce radiale- tation de la pression
regnant dans l'annulaire  40  ment exterieure (256) reunies entre elles par
de puits.                                          des chevilles de
cisaillement (258), une gorge annulaire radialement exterieure (250), mena-
3. Outillage suivant la revendication 2, caracterise   g6e dans le second
fourreau d'actionnement, en ce qu'il comprend en outre des moyens de
et des moyens de sollicitation elastique (260) verrouillage (130) associes
en cooperation   45    associds en cooperation fonctionnelle aux mul-
fonctionnelle au premier fourreau d'actionne-      tiples groupes de
cisaillement et permettant de ment et permettant de verrouiller, d'une
manie-    repousser elastiquement ces derniers dans le re d6verrouillable,
I'obturateur sph6rique de      sens radial vers l'interieur, de fagon telle
que, soupape dans sa position ouverte initiale jus-     lorsque
l'obturateur sph6rique de soupape est qu'a ce quo la pression r6gnant dans
I'annulai-  50  dans sa seconde position, la pibce radialement re de puits
excbde, d'une valeur determinee a      interieure de chacun des groupes de
cisaille- l'avance, une pression regnant dans ladite         mentsoit log6e
dans la gorge annulaire radiale- zone a faible pression.
ment exterieure du second fourreau d'action- nement et la piece radialement
exterieure de 4. Outillage suivant la revendication 2 ou 3, dans   55
chacun des groupes de cisaillement soit logde lequel le second fourreau
d'actionnement (150)     dans la gorge annulaire de 1'enveloppe. est
dispose coulissant dans l'enveloppe, l'obtu- rateur spherique de soupape
etant mobile lon- 10                           I*iIIIcil liii11ii 11,1    



19                EP 0 190 864 B1                    20 AnsprUche
chen offenen Stellung festhalten bis der Druck im Bohrlochringraum einen
Druck in der Nie- 1. Auf Druck ansprechendes Sicherheitsventil in
derdruckzone um einen vorgegebenen Betrag einem Bohrloch, enthaltend ein
Gehduse (62)        Ubersteigt. mit einem oberen Ende (64). das zur Verbin-
s dung mit einem  Rohrstrang eingerichtet ist,    4. Werkzeug nach Anspruch
2 oder 3, dadurch und mit einer Gehausebohrung (96), die zur
gekennzeichnet, daB der zweite Betatigungs- Verbindung mit einer
Rohrbohrung des Rohr-         stWMel (150) gleitbeweglich in dem GehAudse
stranges eingerichtet ist; ein in dem Geh~use      angeordnet und das
Kugelventil mit dem zwei- angeordnetes Kugelventil (100); einen ersten,  10
ten Betatigungsst6Bel gegenOber dem Gehau- dem Kugelventil wirkungsmai~ig
zugeordneten        se langsbeweglich ist, so daB in der zweiten
Bet~tigungsst6Bel (106) zur Verstellung des        Stellung des
Kugelventils eine Druckanderung Kugelventils gegenOber dem  Gehause aus
in der Rohrbohrung und in einem  Teil der dessen offener Stellung in seine
geschlossene      Gehfusebohrung oberhalb des Kugelventils ei- Stellung
infolge einer Druckdifferenz, die von   15  nen Differenzdruck in
Langsrichtung Ober dem der zwischen dem Bohrlochringraum und der
zweiten BetitigungsstoIel erzeugt zur LAngs- Rohrbohrung bestehenden
Druckdifferenz ver-        verstellung  des zweiten BetatigungsstoIels
schieden ist und von einer Druckanderung im        und des Kugelventils
gegendber dem Gehau- Bohrlochringraum  auBerhalb des Gehauses           se.
hervorgerufen wird; und einen zweiten Betati-  20 gungsstolel, der zu einer
zweiten Betatigungs-  5. Werkzeug nach Anspruch 4, gekennzeichnet
verstellung des Kugelventils in dessen offene      durch dem  zweiten
BetatigungsstWoel wir- Stellung gegenOber dem Gehause infolge ei-
kungsmaBig zugeordnete losbare Rastmittel ner Druckfnderung innerhalb der
Rohrbohrung        (244) zum l6sbaren Festhalten des Kugelven- betatigbar
ist,                            25      tils in seiner zweiten Stellung.
dadurch gekennzeichnet, dalB der zweite Beta- tigungsstolel mit dem
Kugelventil verbunden     6. Werkzeug nach Anspruch 5, dadurch gekenn- und
mit diesem  beweglich ist und der erste        zeichnet, daB die l6sbaren
Rastmittel (244) so BetatigungsstdBel mit dem zweiten durch 16s-
angeordnet sind, daB sie das Kugelventil aus bare Verbindungsmittel (222)
l6sbar verbunden   30  seiner zweiten Stellung freigeben, wenn eine ist,
welche die ersten und zweiten Betatigungs-    auf den zweiten
Betatigungsstolel nach unten stoMeI losbar verbinden, wenn das Kugelventil
einwirkende Druckdifferenz eine vorgegebene anfinglich in seiner offenen
Stellung ist, und     Hohe erreicht. den ersten Betitigungsst6flel von dem
zweiten Betatigungsstolel l6sen, wahrend der erste  35  7. Werkzeug nach
Anspruch 5 oder 6, dadurch Betatigungsstoliel das Kugelventil aus seiner
gekennzeichnet, daB die l6sbaren Rastmittel offenen Stellung in seine
geschlossene Stel-        enthalten: eine Vielzahl von Schersatzen (252)
lung verstellt, wobei der erste Betatigungssto-    in einer Ringnut (248)
des Gehauses, wobei Bel das Kugelventil nur einmal zu verstellen
jeder Schersatz ein radial inneres Teil (254) vermag.
40       und ein radial auBeres Teil (256) enthalt, die durch
Scherstiftmittel (258) miteinander ver- 2. Werkzeug nach Anspruch 1,
dadurch gekenn-           bunden sind; eine in dem zweiten Betatigungs-
zeichnet, daB  der erste Betitigungsst6foel        stoIlel angeordnete
radial auBere Ringnut (106) in dem Gehause angeordnet und darauf
(250); und WirkungsmaWig der Vielzahl von ein Antriebskolben (108)
angeordnet ist, von   45  Schersatzen zugeordnete Vorspannmittel (260) dem
eine erste Seite (116) mit dem Bohrloch-       zum radial einwartigen
Vorspannen der Viel- ringraum (40) verbindbar ist und eine zweite
zahl von Schersatzen, so daB in der zweiten Seite (120) mit einer
Niederdruckzone (122) in     Stellung des Kugelventils das radial innere
Teil Verbindung steht, so daB der erste Betati-         jedes Schersatzes
in der radial auieren Ring- gungsst6oel das  Kugelventil infolge einer  so
nut des zweiten Betatigungsst6Bels und das Druckzunahme im Bohrlochringraum
aus sei-          radial AuBere Teil jedes Schersatzes in der ner offenen
Stellung in seine geschlossene         Ringnut des Gehauses aufgenommen
sind. Stellung verstellt. 3. Werkzeug nach Anspruch 2, gekennzeichnet  55
durch Rastmittel (130), die dem ersten Betiti- gungsstoBel wirkungsmAlig
zugeordnet sind und das Kugelventil l6sbar in seiner anfangli- 11 1111
11111 11    


