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slidably received within said housing and exposed to fluid pressure from
the interior and the exterior The present invention relates generally to a
of the housing, for moving the operating element pressure operated downhole
tool with releasable    between said first and said second position; and
safety device.                                    releasable safety means
operatively associated Most prior art circulating valves of the sliding
with the operating element and the operating sleeve type are opened in
response to annulus        means and movable, in response to pressure, be-
pressure. Examples of such are described in U.S.-  tween a first position
in which it prevents move- A-4,064,937 and 3,970,147. There are also prior
art  ment of the operating element by said operating circulating valves
which open in response to inter-  10   means, and a second position in
which said move- nal pressure communicated to the valve via the drill  ment
is permitted. In this reversing valve tool, string.
release of the safety means is effected by tool It may be desirable to use
an internal pressure  string pressure changes: annulus pressure changes
operated circulation valve when there are a number   do not affect the
safety means. of tools in a drill string to be operated by applica-  15  We
have now devised a pressure operated tion of annulus pressure. Often such
tools are re-   downhole tool with a safety device, whereby before strained
in a first condition with a predetermined   a pressure difference (between
annulus and string) number of shear pins. Application of annulus pres-  in
one direction can operate the tool, there must sure to a selected level
will shear the pins and thus  first be applied a pressure difference in the
op- permit operation of the tool. If there are a number   20   posite
direction. of such tools to be operated at different times,
According to the invention, there is provided a each tool must be set to
operate at a different      downhole tool comprising: a housing; an
operating pressure. Typically at least 500 p.s.i. (3.45 MPa)   element
disposed within the housing and movable separates the pressures at which
each tool op-      between a first and a second position therein; op-
erates. It can be seen that if there are for example  25  erating means
comprising a mandrel associated five tools, the last tool to be operated
requires a  with and slidably received within said housing and pressure of
2500 p.s.i. (17.2 MPa). High pressures   exposed to fluid pressure from the
interior and the may damage the well casing. In such instances, if
exterior of the housing, for moving the operating a circulation valve is to
be used it may be desir-   element between said first and said second posi-
able to use one of the internal pressure operated  30  tion; and releasable
safety means operatively asso- type to reduce the maximum  annulus pressure
ciated with the operating element and the operating which must be used to
operate the drill string tools.  means and movable, in response to
pressure, be- Internal pressure operated circulation valves    tween a
first position in which it prevents move- may be inadvertently opened as
the result of an      ment of the operating element by said operating
increase in drill string pressure. For example, when   35   means and a
second position in which said move- a drill string is made up and lowered
into a well    ment is permitted; characterised in that the operat- bore,
it is desirable to periodically pressure test the  ing means is responsive
to a first fluid pressure drill string to ensure that the drill pipe joints
have  difference between the interior and the exterior of been adequatly
made up. Such testing requires     the housing to move the operating
element from its closing of a valve in the lower part of the drill string
40  first to its second position; and said safety means and applying pump
pressure to the interior of the   comprises a mandrel slidably received
within said drill string at the surface of the well. If the drill  housing
and operatively associated with the operat- string includes an interior
pressure operated cir-  ing element by way of the operating means, said
culation valve, it may be inadvertently opened dur-  safety mandrel being
responsive to a second fluid ing a drill string pressure test.
45   pressure difference between the interior and the When the drill string
is in position it may be  exterior of said housing, having a gradient
opposite necessary to fracture or acidize the formation of   to that of
said first pressure difference, to move interest. Such operations require
injecting fluids  said safety mandrel from a first to a second posi- into
the formation via the drill string. During such  tion; said second. safety
mandrel position exposing injections drill string pressure may rise to a
level at 50   said operating means to said first fluid pressure which the
circulation valve is inadvertently opened.  difference to thus move said
operating element One internal pressure operated downhole tool   from its
first to its second position. is described in US-A-4403659. This tool is a
re-        In one preferred arrangement, a tool of the versing valve and it
comprises a housing, an op-    invention comprises a circulating valve
comprising erating element (which is a reversing valve) dis-  55   a
circulation port formed through a wall of said posed within the housing and
movable between a       housing, and wherein said operating element com-
first and a second position therein; operating       prises a valve mandrel
slidably received in said means comprising a mandrel associated with and
housing for blocking said circulating port in a first 2    
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exposing said circulating port in a     flow into the interior of the
testing string. second position for permitting a flow between the       The
testing program includes periods of forma- interior and exterior of said
housing, said valve  tion flow and periods when the formation is closed
mandrel being releasably maintained in said first'  in. Pressure recordings
are taken throughout the position; said operating means comprises valve
5   program for later analysis to determine the produc- piston means
slidably received in said housing for  tion capability of the formation. If
desired, a sample moving said valve mandrel to said'second position    of
the formation fluid may be caught in a suitable in response to an internal
pressure increase ap-    sample chamber. plied from within said housing;
and said safety         At the end of the testing program, a circulation
means comprises a safety mandrel slidably re-  10  valve in the test string
is opened, formation fluid in ceived in said housing, said safety mandrel
having   the testing string is circulated out, the packer is a first
position in which said valve piston means is  released, and the testing
string is withdrawn. prevented from moving said valve mandrel to said
Over the years various methods have been second valve mandrel position and
a second posi-     developed to open the tester valves located at the tion
in which such movement is permitted, said   15  formation depth as
described. These methods in- safety mandrel being moved from said first
safety    clude string rotation, string reciprocation, and an- mandrel
position to said second safety mandrel       nulus pressure changes.
Particularly advantageous position responsive to an increase in pressure
ex-  tester valves are those shown in U.S. Patent No's. terior of said
housing.                              3,856,085  to  Holden, et al.,
4,422,506  and In order that the invention may be more fully  20
4,429,748 to Beck, and 4,444,268 and 4,448,254 to understood, an embodiment
thereof will now be       Barrington. These valves operate responsive to
described by way of example only with reference     pressure changes in the
annulus and provide a full to the accompanying drawings, in which:
opening flow passage through the tester valve ap- Figure 1 is a schematic
elevation view of a       paratus. typical well testing apparatus
incorporating a   25   The annulus pressure operated method of tool of the
present invention; and                opening and closing the tester valve
is particularly Figures 2A-2F comprise an elevational quarter
advantageous in offshore locations where it is de- section view showing one
embodiment of down-      sirable to the maximum extent possible, for safety
hole tool constructed in accordance with the      and environmental
protection reasons, to keep the present invention.
30   blowout preventors closed during the major portion During the course
of drilling an oil well, the   of the testing procedure. borehole is filled
with a fluid known as drilling fluid  A typical arrangement for conducting
a drill or drilling mud.                                    stem  test
offshore is shown in Fig. 1. Such an One of the purposse of this drilling
fluid is to     arrangement would include a floating work station 1 contain
in intersected formations any fluid which   35  stationed over a submerged
work site 2. The well may be found there. To contain these formation
comprises a well bore 3 typically lined with a fluids the drilling mud is
weighted with various  ' casing string 4 extending from the work site 2 to
a additives so that the hydrostatic pressure of the    submerged formation
5. The casing string 4 in- mud at the formation depth is sufficient to
maintain  cludes a plurality of perforations at its lower end the formation
fluid within the formation without al-  40   which provide communication'
between the forma- lowing it to escape into the borehole.
tion 5 and the interior of the well bore 6. When it is desired to test the
production capa-      At the submerged well site is located the well
bilities of the formation, a testing string is lowered  head installation 7
which includes blowout preven- into the borehole to the formation depth and
the     tor mechanisms. A marine conductor 8 extends formation fluid is
allowed to flow into the string in a   45  from the well head installation
to the floating work controlled testing program. Lower pressure is main-
station 1. The floating work station includes a work tained in the interior
of the testing string as it is  deck 9 which supports a derrick 12. The
derrick 12 lowered into the borehole. This is usually done by  supports a
hoisting means 11. A well head closure keeping a valve in the closed
position near the     13 is provided at the upper end of marine conduc-
lower end of the testing string. When the testing   50  tor 8. The well
head closure 13 allows for lowering depth is reached, a packer is set to
seal the        into the marine conductor and into the well bore 3 borehole
thus closing in the formation from the      a formation testing string 10
which is raised and hydrostatic pressure of the drilling fluid in the well
lowered in the well by hoisting means 11. annulus. Altemately, the string
may be stabbed into     A supply conduit 14 is provided which extends a
previously set production packer.             55  from a hydraulic pump 15
on the deck 9 of the The valve at the lower end of the testing string
floating station 1 and extends to the well head is then opened and the
formation fluid, free from   installation 7 at a point below the blowout
preven- the restraining pressure of the drilling fluid, can  tors to allow
the pressurizing of the well annulus 16 3    
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the packer mechanism  27. Such a safety joint The testing string includes
an upper circuit   would allow for the testing string 10 to be discon-
string portion 17 extending from the work site 1 to  nected from the packer
assembly 27 in the event the well head installation 7. A hydraulically op-
that the jarring mechanism was unable to free a erated conduit string test
tree 18 is located at the   5   stuck formation testing string. end of the
upper conduit string 17 and is landed in    The location of the pressure
recording device the well head installation 7 to thus support the    may be
varied as desired. For instance, the pres- lower portion of the formation
testing string. The  sure recorder may be located below the perforated
lower portion of the formation testing string extends  tail piece 28 in a
suitable pressure recorder anchor from the test tree 18 to the formation 5.
A packer  10  shoe running case. In addition, a second pressure mechanism
27 isolates the formation 5 from fluids  recorder may be run immediately
above the tester in the well annulus 16. A perforated tail piece 28 is
valve 25 to provide further data to assist in evaluat- provided at the
lower end of the testing string 10 to  ing the well. allow fluid
communication between the formation 5     Referring now to Figures 2A-2F,
indicated gen- and the interior of the tubular formation testing   15
orally at 30 is the downhole tool constructed in string 10.
accordance with the instant invention. Tool 30 in- The lower portion of the
formation testing string  cludes a cylindrical outer housing generally des-
10 further includes intermediate conduit portion 19  ignated by the numeral
31 having an upper hous- and torque transmitting pressure and volume bal-
ing adapter 32 which includes threads 34 for at- anced slip joint means 20.
An intermediate conduit  20  taching tool 30 to the portion of testing
string 10 portion 21 is provided for imparting packer setting  located
above tool 30. weight to the packer mechanism 27 at the lower         At
the lower end of housing 31 is a lower end of the string.
housing adapter 36 which includes an external It is many times desirable to
place near the    threaded portion 38 for connection of tool 30 to that
lower end of the testing string a conventional cir-  25  portion of testing
string 10 located below tool 30. culating valve 22 which may be opened by
rotation      Tool 30 may be conveniently divided into five or
reciprocation of the testing string or a combina-  major portions including
a circulation valve portion tion of both or by the dropping of a weighted
bar in  40, an upper power mandrel portion 42, a safety the interior of the
testing string 10. This circulation  mandrel portion 44, a lower power
mandrel portion valve is provided as a back-up means to provide   30  46,
and a safety closure valve portion 48. for fluid communication in the event
that the cir-     Circulation valve portion 40 includes a circula- culation
valve of the present apparatus should fail  tion valve upper housing
section 50 and a circula- to open properly. Also near the lower end of the
tion valve lower housing section 52. Circulation formation testing string
10 is located a tester valve  valve lower housing section 52 is threadably
con- 25 which is preferably a tester valve of the annulus   35  nected to
upper power mandrel housing section 54 pressure operated type such as those
disclosed in  at threaded connection 56. U.S. Patent No's. 3,856,085;
4,422,506; 4,429,748;     Slidingly received within an inner bore 58 of
4,444,268; and 4,448,254. Immediately above the    circulation valve lower
housing section 52 is a valve tester valve is located a tool,30 which
incorporates  mandrel 60. Valve mandrel 60 as shown in figures the
apparatus of the present invention.         40  2A-2B is in its closed
position closing a circulation A pressure recording device 26 is located
be-  port 62 with upper and lower annular seals 64, 66, low the tester
valve 25. The pressure recording    located between valve mandrel 60 and
bore 58, device 26 is preferably one which provides a full   sealing above
and below circulating port 62. opening passageway through the center of the
Valve mandrel 60 is initially retained in its pressure recorder to provide
a full opening pas-  45  closed position by a valve mandrel shear pin 68
sageway through the entire length of the formation  which is disposed
through a radial bore 70 through testing string.
valve lower housing section 52 and received within It may be desirable to
add additional formation  a radially extending bore 72 of valve mandrel 60.
testing apparatus in the testing string 10. For in-  Shear pin 68 is
retained in place by a resilient stance, where it is feared that the
testing string 10   50  retaining ring 74. may become stuck in the borehole
3 it is desirable     An annular upper end surface 76 of valve hous- to add
a jar mechanism  between the pressure       ing lower section 52 defines a
radially inwardly recorder 26 and the packer assembly 27. The jar
projecting ledge of cylindrical housing 31. mechanism is used to impart
blows to the testing      Valve mandrel 60 includes a lower valve man-
string to assist in jarring a stuck testing string loose   55  drel portion
78 and an upper valve mandrel portion from the borehole in the event that
the testing    80. Upper valve mandrel portion 80 includes an string should
become stuck. Additionally, it may be  externally threaded lower end
portion which is desirable to add a safety joint between the jar and
threadably engaged with an internally threaded up-    7                 EP
0 223 553 B1                    8 



per end portion of lower valve mandrel portion 78  upwardly directed
pressure on power mandrel 90 is via threaded connection 82. Upper valve
mandrel    sufficient to shear pins 122 thus permitting upward portion 80
includes a radially outwardly projecting  movement of mandrel 90. A seal
124 seals the annular ledge 84 located above annular upper end   upper end
of upper power mandrel 90 between the surface 76.
5   radially outer surface thereof and the radially inner A coil
compression spring 86 has its upper end  surface of circulation valve lower
housing section engaging outward projecting ledge 84 and has its   52.
lower end engaging annular upper end surface 76.      Considering now
safety mandrel portion 44 in Spring 86 provides a means for moving sliding
Figure 2C, safety mandrel 96 includes a pair of valve mandrel 60 from its
closed position as shown   10  seals 126, 128 which provide a seal between
the in Figs. 2A-2B, to an open position with valve     safety mandrel and
the radially inner surface of mandrel 60 moved upward relative to
cylindrical    upper power mandrel housing section 54 about the housing 31
so that circulating port 62 is uncovered  radially inner circumference
thereof. A passageway and allowed to communicate with the interior of
127 permits fluid communication above and below cylindrical housing 31.
15  seals 126, 128 in the annular space between safety Spring 86 is
initially retained in a compressed  mandrel 96 and upper power mandrel
housing sec- state until shear pin 68 is sheared and then spring  tion 54.
The safety mandrel includes an upwardly 86 moves valve mandrel 60 upward to
its open       directed annular shoulder 129. Section 54 includes position
upon expansion of the spring.             a port 130 formed therethrough
which is imme- Upper power mandrel portion 42 includes an   20  diately
above seal 126 when safety mandrel 96 is upper power mandrel 90, such also
being referred  in the configuration of Figure 2. to herein as. operating
means or valve piston        Safety mandrel 96 is frangibly restrained in
the means, which is closely received within an inner   position shown via
restraining means indicated bore 92 of upper power mandrel housing section.
generally at 132. Restraining means 132 includes a 54.
25  shear pin 134 which is received in a pair of oppos- Upper power mandrel
section housing 54 in-     ing bores framed in safety mandrel 96 and in a
cludes an inwardly projecting annular shoulder 94  mandrel housing section
136. Safety mandrel hous- (in Figure 2C) against which the lower end of
upper  ing section 136 is threadably secured at its upper power mandrel 90
is abutted. A safety mandrel 96  end to upper power mandrel housing section
54 is closely received within the lower end of an   30  and at its lower
end to a restraining means housing interior bore 98 of upper power mandrel
90. An     section 138. A resilient retaining ring 140 holds annular seal
100 seals between upper power man-    shear pin 134 within the bores in
safety mandrel 96 drel 90 and upper power mandrel section housing   and
safety mandrel housing section 136 as shown. 54. An annular seal 102 seals
between the interior  A seal 142 seals between the outer surface of the of
upper power mandrel 90 and the radially outer  35  safety mandrel and the
inner surface of the safety surface of safety mandrel. 96.
mandrel housing section as shown. Immediately Turning back to Figure 2B,
upper power man-    beneath seal 142 is a bore 144 formed through the drel
90 includes an upwardly directed annular      safety mandrel which permits
fluid communication shoulder 104 formed about the radially outer cir-
between the interior of the safety mandrel and an cumference thereof.
Frangible restraining means,  40  annular space 146 formed between the
radially indicated generally at 106 is held in position as  outer surface
of the safety mandrel and the radially shown between shoulder 104 and a
lower end 108    inner surface of safety mandrel housing section of an
annular collar 110. An upper end 112 of the  136. collar is abutted against
the lower end of circulation  Lower power mandrel portion 46 includes valve
lower housing section 52 and thus restrains   45  therein a lower power
mandrel 148. The lower power mandrel 90 from upward movement. Annular
power mandrel is received within restraining means collar 110 includes a
bore 114 therethrough which  housing section 138, a lower power mandrel
hous- permits fluid communication between the interior  ing section 150 and
a safety closure valve upper and exterior of the collar. A port 116 is
formed in  housing section  152. Housing section  138 is upper power
mandrel housing section 54 adjacent  50  threadably secured via threads 154
to housing sec- bore 114.                                          tion 150
which in turn is threadably secured via Restraining means 106 includes
inner and out-  threads 156 to housing section 152. er concentric sleeves
118, 120 having a plurality of  Lower power mandrel 148 is prevented from
shear pins 122 disposed radially therethrough con-  upward movement by
restraining means 158. Re- necting the inner and outer concentric sleeves.
55  straining means 158 includes inner and outer con- As will later be more
fully described, restrain-  centric sleeves 160, 162 having a plurality of
shear ing means 106 maintains upper power mandrel 90     pins 164 disposed
radially therethrough connecting abutted against shoulder 94 (in Figure 2C)
until  the inner and outer sleeves. A shear pin cover 166 5    9
EP 0 223 553 B1                       10 



surrounds outer sleeve 162 to hold the shear pins   nated by a head 206.
Each of the heads is forced in place within sleeves 160, 162.
by the lower power mandrel into a groove 208 in A shoulder 168 formed on
the radially outer     the lower portion of lower power mandrel 148.
surface of lower power mandrel 148 about the        Safety closure valve
upper housing section 152 circumference  thereof  cooperates   with  a   5
also includes an annular recess 210. The spring downwardly-directed
shoulder 170 formed on the     fingers, like spring finger 204, are
outwardly biased radially inner surface of restraining means housing  so
that when heads 206 are pulled by lower power section 138 to prevent upward
movement of lower     mandrel 148 upwardly over recess 210, the spring
power mandrel 148 until a pre-determined upwar-    fingers snap outwardly
moving heads 206 into re- dly directed force sufficient to shear pins 164
is  10  cess 210. This action disconnects pull mandrel 202 applied to the
lower power mandrel.                from groove 208 of lower power mandrel
148. Lower power mandrel 148 is prevented from           The ball operating
mechanism additionally in- downward  movement by  the  action  of a
cludes an upper seat retainer 212 which retains downwardly-directed
shoulder 172 formed on the      upper valve seat 214. Below seat 214 is
ball valve radially outer surface of the lower power mandrel  15  200 and
its associated lower valve seat 216. A pin acting against the upper end of
safety closure      215 is received in a hole 217 in ball valve 200. valve
upper housing section 152.                       Lower valve seat 216 is
carried by a lower seat A seal 174 seals between the radially outer
retainer 219, the lower end of which is threadably surface of the lower
power mandrel and a radially   attached to a locking mandrel 218. The
locking inner surface 176 of lower power mandrel housing   20   mandrel
includes an annular groove 220 formed section 150. An annular space 178 is
formed be-     about the radially outer circumference of the lock- tween
the outer surface of lower power mandrel      ing mandrel. 148 and the
inner surface of lower power mandrel       A plurality of locking dogs, one
of which is housing section 150. Annular space 178 includes    locking dog
222 are disposed about the circum- air at atmospheric pressure which is
entrapped   25  ference of the locking mandrel and are biased therein when
the tool is assembled at the surface.  inwardly thereagainst by a resilient
o-ring 224. An elastomeric cushion ring 180 is located in   When pull
mandrel 202 moves upwardly until space 178 to help absorb the shock as
lower power   groove 220 is opposite the locking dogs, o-ring 224 mandrel
148 moves to an upper position in re-       biases the dogs into the groove
thereby locking sponse to upwardly directed fluid pressure applied   30
ball valve 200 in a closed position. For a more to the lower power mandrel.
detailed description of ball valve 200, the structure Such pressure is
applied via a power port 182,  associated therewith, and its method of
operation, formed through lower power mandrel housing sec-     attention is
directed to U.S. Patent N. 4,445,571 to tion 150, which communicates with
annular space     Hushbeck which is incorporated herein by refer- 184 and,
via bore 186 formed through safety clo-   35  ence. sure valve upper
housing section 152, with annular     A drain passage 226 is formed in
lower hous- space 188. Annular space 184 is sealed at its      ing adapter
36. As set out above, the present tool upper end by a seal 190 while
annular space 188    is often used in connection with an annulus pres- is
sealed at its lower end by a seal  192. Application  sure operated tester
valve 25 (in Figure 1) such as of pressure to the annulus of the well bore
in which  .40  the one shown in U.S. Patent N. 3,856,085. When tool 30 is
suspended is communicated via bore     run with such a tester valve 25, it
is desirable to 182 to spaces 184, 186 thus urging the power      provide a
means to drain well fluids trapped be- mandrel upwardly. When sufficient
pressure is ap-   tween ball valve 200 and tester valve 25 located plied,
pins 164 shear thus permitting the lower     below tool 30 in testing
string 10. Thus a drain power mandrel to move upwardly.                45
passage 226 is provided in lower adapter 36 to Safety closure valve portion
48 includes safety  allow the draining of formation fluid trapped be-
closure valve upper housing section 152 and a      tween ball valve 200 and
tester valve 25. For a safety. closure valve lower housing section 194
description of the structure and manner of opera- which is threadably
secured at its upper end to    tion of a plug valve for use in association
with drain housing 152 via threads 196 and is threadably  50  passage 226,
attention is directed to the Hushbeck secured at its lower end to lower
housing adapter   patent. 36 via threads 198.
Consideration will now be given to the manner Safety closure valve portion
48 includes therein  of operation to tool 30. The tool is initially assem-
a ball valve 200 which is operated by an operating  bled at the surface as
shown in Figures 2A-2F. assembly that includes a pull mandrel 202 releas- .
55   Thereafter, it is incorporated into a testing string ably attached to
the lower portion of lower power  like that shown in Figure 1 and lowered
into the mandrel 148 by a plurality of spring fingers, one of  well bore as
shown in Figure 1. which is finger 204. Each spring finger is termi-
When in the configuration of Figure 1, tester 6    11                 EP 0
223 553 B1                      12 



valve 25 may be repeatedly opened and closed by     shoulder 129 of safety
mandrel 96 impacts the application of annulus pressure in order to conduct
downwardly-directed portion of shoulder 94, up- a drill string test.
Thereafter, fluids may be pumped  ward movement of the safety mandrel
stops. through the drill string and into the formation, for  After safety
mandrel 96 is moved to its upper example, for acid-treating the formation.
After test-   5   position as described, the drill string is pressurized
ing and treatment, but prior to raising the drill  thus permitting
pressurized fluid to be commu- string, it is desirable to reverse
circulation fluids  nicated through port 144 (in Figure 2C) in safety from
the drill string before lifting the string from the  mandrel 96 into the
annular space between safety well bore. Such is accomplished by moving the
mandrel 96 and upper power mandrel housing sec- circulation valve mandrel
upwardly so that circula-  10  tion 54 since seal 142 is above the upper
end of tion port 62 is in communication with the interior of  safety
mandrel housing 136. housing 31. Thereafter, fluid is pumped downwar-
The pressurized fluid is communicated above dly in the annulus through port
62 and upwardly    seals 126, 128 via passageway 127 to the lower through
the drill string thereby circulating well   end of upper power mandrel 90.
Seals 100, 102 fluids from the drill string.                  15  seal the
inner and outer surfaces of mandrel 90. The circulation valve is opened by
first apply-  Seal 100 defines an outer diameter and seal 124 ing a
predetermined pressure to the annulus fluids  (Figure 2B) an inner diameter
of a downward facing and thereafter pressurizing the drill string as fol-
surface of upper power mandrel 90. The pressur- lows. With the tool in the
configuration of Figures  ized fluid in housing 31 acts upwardly against
this 2A-2F and suspended on a testing string as shown   20  surface. When
such pressure reaches a pre-deter- in Figure 1, pressure is applied to the
annulus fluid.  mined level sufficient to shear pins 122, upper Such
pressure is applied to annular spaces 184,     power mandrel 90 moves
suddenly upward with the 188 via power port 182. Seal 190 defines an outer
upper end thereof striking the lower end of valve diameter and seal 192 an
inner diameter of a        mandrel 60. When such occurs, pin 68 shears thus
downward facing surface of lower power mandrel  25  enabling spring 86 to
urge valve mandrel 60 upwar- 148. The pressurized fluid in annular spaces
182,  dly until shoulder 84 strikes the lower end of upper 184, acts
upwardly against this surface. When the  housing adapter 32. In the upper
position of the pressure reaches the pre-determined level neces-   valve
mandrel, seal 66 is above port 62 and thus sary to shear pins 164 in
restraining means 158,    fluid communication is permitted between the an-
lower power mandrel 148 moves quickly upwardly  30  nulus and the interior
of housing 31 thereby allow- with the upper end of power mandrel 148
abutting   ing reverse circulation. against lower end of safety mandrel 96.
It can be seen that the above-described meth- As lower power mandrel 148
moves upwardly,      od and apparatus offer several advantages. When under
the influence of annulus pressure acting     the tool is lowered in the
well bore in the configura- through port 182, the entire ball operating
assem-   35  tion of Figures 2A-2F, the pressure on either side bly
comprised of pull mandrel 202, upper seat       of upper power mandrel 90
is substantially bal- retainer 212, ball valve 200 with its associated
anced as follows. Annulus pressure is commu- valve seats 214, 216, lower
seat retainer 219, and  nicated with the lower end of mandrel 90 via port
locking mandrel 218 all move in the upward direc-   130. Annulus pressure
is communicated to an up- tion as long as the finger heads, like head 206
of  40   wardly directed surface of the power mandrel finger 204, are
engaged with groove 208 in lower    above seals 100, 102 via port 116 and
bore 114 in power mandrel 148. During this upward movement,    annular
collar 110. Thus, variations in annulus pres- ball valve 200 will be
rotated to the closed position  sure will not stress shear pins 122. by the
action of pin 215 in hole 217 of ball valve     When tool 30 is being
lowered into the well 200. Thus, after lower mandrel 148 is urged upwar-
45  bore on the testing string, it may be desirable to dly, ball valve 200
is closed thereby preventing    periodically pressure test the drill
string. Such is fluid communication through housing 31 above the
accomplished by closing tester valve 25, or by ball valve. Ball valve 200
serves as a safety closure  closing a similar closure valve provided
specifically valve backup to tester valve 25 to assure that when  for drill
string testing, and thereafter pressurizing the circulation valve is
opened, pressure from the   50  the drill string. Such testing assures that
all of the formation will not be communicated above ball      pipe joints
in the drill string have been properly valve 200.
made up and tightened. When lower power mandrel 148 strikes the
It can be seen that during a drill string pressure lower end of safety
mandrel 96, pin 134 is sheared  test, there is no risk of inadvertantly
opening cir- thereby urging safety mandrel 96 upwardly. Such   55  culation
port 62 since interior pressure is not com- upward movement causes seals
126, 128 to be        municated to the annular space above and below placed
above the below port 130 thereby sealing    seals 126, 128. Before pressure
in the drill string port 130 from the interior of housing 31. When     can
be so communicated, safety mandrel 96 must 7    13                 EP 0 223
553 B1                     14 



be urged upwardly until seal 142 is above the           (60) by way of the
operating means (42), said upper end of safety mandrel housing 136 thereby
safety mandrel (96) being responsive to a sec- permitting internal pressure
to be communicated         ond fluid pressure difference between the inte-
through bore 144 to the lower end of safety man-        rior and the
exterior of said housing, having a drel 90.
5       gradient opposite to that of said first pressure This feature also
permits fluids, for example        difference, to move said safety mandrel
(96) acid, to be injected into the formation during testing  from a first
to a second position; said second and treating with the drill string in the
configuration  safety mandrel position exposing said operat- of Figure 1.
Such injections may be made without        ing means (42) to said first
fluid pressure dif- the possibility of the circulation valve being inad-
10  ference to thus move said operating element vertantly opened.
from its first to its second position. It should be noted that the tool of
the instant invention is as well suited for operating a circula-  2. A tool
according to claim 1, wherein said op- tion valve in a housing which does
not have a           erating means (42) moves said operating ele- safety
valve, like valve 200, as it is for operating a   15  ment (60) in response
to an increase in an circulation valve in a housing having a safety valve
internal pressure applied from  within said as disclosed in Figures 2A-2F.
In other words, the      housing (31). tool can be used to operate a
circulation valve, or other operating element, independent of operation
3. A tool according to claim 1 or 2, wherein said of other tools or valves.
In addition, the tool of the   20  safety mandrel (96) is responsive to
move from instant invention may be equally well used to op-       its first
to its second position when pressure erate a circulation valve in
combination with a sam-    exterior of said housing (31) has exceeded pler
valve. Circulation valve/sampler valve combina-    pressure within said
housing by a predeter- tions are disclosed in U.S. Patent No. 4,063,593 to
mined amount. Jessup and U.S. Patent No. 4,064,937 to Barring-   25 ton.
Thus, addition of a second ball below ball     4. A tool according to claim
1, 2 or 3, wherein valve 200 and a linkage as shown in the aforemen-
said operating element (60) comprises a cir- tioned patents provides a
housing which incor-          culation valve (40) for permitting fluid flow
porates the tool of the invention in a circulation      through a
circulation port (62) formed through valve/sampler valve combination.
30       a wall in said housing (31). Claims
5. A downhole tool according to any of claims 1 to 4, wherein said
apparatus further includes a 1. A downhole tool which comprises: a housing
second operating element (48) disposed in (31); an operating element (60)
disposed within  35  said housing (31), said second operating ele- the
housing and movable between a first and a       ment being operated when
said second pres- second position therein; operating means (42)       sure
difference is applied, and wherein said comprising a mandrel associated
with and            housing preferably includes an axial bore slidably
received within said housing and ex-       therethrough and said second
operating ele- posed to fluid pressure from the interior and   40  ment
preferably comprises a housing bore clo- the exterior of the housing, for
moving the        sure valve (200). operating element (60) between said
first and said second position; and releasable safety     6. A downhole
tool according to claim 1, wherein means (44) operatively associated with
the op-      said apparatus comprises a circulation valve erating element
(60) and the operating means   45   (40) comprising a circulation port (62)
formed (42) and movable, in response to pressure,          through a wall
of said housing, and wherein between a first position in which it prevents
said operating element (60) comprises a valve movement of the operating
element (60) by           mandrel (60) slidably received in said housing
said operating means (42), and a second posi-       for blocking said
circulation port (62) in a first tion in which said movement is permitted;
so       position and exposing said circulation port in a characterised in
that the operating means (42)      second position for permitting a flow
between is responsive to a first fluid pressure difference  the interior
and exterior of said housing, said between the interior and the exterior of
the        valve mandrel (60) being releasably maintained housing to move
the operating element (60)          in said first position; said operating
means (42) from its first to its second position; and said  55  comprises
valve piston means (90) slidably safety means (44) comprises a mandrel (96)
received in said housing for moving said valve slidably received within
said housing and oper-     mandrel (60) to said second position in re-
atively associated with the operating element       sponse to an internal
pressure increase ap- 8    13                EP 0 223 553 B1
14 be urged upwardly until seal 142 is above the          (60) by way of
the operating means (42), said 



upper end of safety mandrel housing 136 thereby        safety mandrel (96)
being responsive to a sec- permitting internal pressure to be communicated
ond fluid pressure difference between the inte- through bore 144 to the
lower end of safety man-       rior and the exterior of said housing,
having a drel 90.                                       5       gradient
opposite to that of said first pressure This feature also permits fluids,
for example       difference, to move said safety mandrel (96) acid, to be
injected into the formation during testing  from a first to a second
position; said second and treating with the drill string in the
configuration  safety mandrel position exposing said operat- of Figure 1.
Such injections may be made without       ing means (42) to said first
fluid pressure dif- the possibility of the circulation valve being inad-
10  ference to thus move said operating element vertantly opened.
from its first to its second position. It should be noted that the tool of
the instant invention is as well suited for operating a circula-  2. A tool
according to claim 1, wherein said op- tion valve in a housing which does
not have a          erating means (42) moves said operating ele- safety
valve, like valve 200, as it is for operating a   15  ment (60) in response
to an increase in an circulation valve in a housing having a safety valve
internal pressure applied from  within said as disclosed in Figures 2A-2F.
In other words, the     housing (31). tool can be used to operate a
circulation valve, or other operating element, independent of operation  3.
A tool according to claim 1 or 2, wherein said of other tools or valves. In
addition, the tool of the   20  safety mandrel (96) is responsive to move
from instant invention may be equally well used to op-      its first to
its second position when pressure erate a circulation valve in combination
with a sam-   exterior of said housing (31) has exceeded pier valve.
Circulation valve/sampler valve combina-   pressure within said housing by
a predeter- tions are disclosed in U.S. Patent No. 4,063,593 to    mined
amount. Jessup and U.S. Patent No. 4,064,937 to Barring-  25 ton. Thus,
addition of a second ball below ball     4. A tool according to claim 1, 2
or 3, wherein valve 200 and a linkage as shown in the aforemen-      said
operating element (60) comprises a cir- tioned patents provides a housing
which incor-         culation valve (40) for permitting fluid flow porates
the tool of the invention in a circulation     through a circulation port
(62) formed through valve/sampler valve combination.               30
a wall in said housing (31). Claims
5. A downhole tool according to any of claims 1 to 4, wherein said
apparatus further includes a 1. A downhole tool which comprises: a housing
second operating element (48) disposed in (31); an operating element (60)
disposed within  35  said housing (31), said second operating ele- the
housing and movable between a first and a       ment being operated when
said second pres- second position therein; operating means (42)      sure
difference is applied, and wherein said comprising a mandrel associated
with and           housing preferably includes an axial bore slidably recei
ed within said housing and ex-      therethrough and said second operating
ele- posed to fluid pressure from the interior and   40  ment preferably
comprises a housing bore clo- the exterior of the housing, for moving the
sure valve (200). operating element (60) between said first and said second
position; and releasable safety     6. A downhole tool according to claim
1, wherein means (44) operatively associated with the op-     said
apparatus comprises a circulation valve erating element (60) and the
operating means   45   (40) comprising a circulation port (62) formed (42)
and movable, in response to pressure,         through a wall of said
housing, and wherein between a first position in which it prevents
said operating element (60) comprises a valve movement of the operating
element (60) by          mandrel (60) slidably received in said housing
said operating means (42), and a second posi-      for blocking said
circulation port (62) in a first tion in which said movement is permitted;
50       position and exposing said circulation port in a characterised in
that the operating means (42)     second position for permitting a flow
between is responsive to a first fluid pressure difference  the interior
and exterior of said housing, said between the interior and the exterior of
the       valve mandrel (60) being releasably maintained housing to move
the operating element (60)         in said first position; said operating
means (42) from its first to its second position; and said  55  comprises
valve piston means (90) slidably safety means (44) comprises a mandrel (96)
received in said housing for moving said valve slidably received within
said housing and oper-    mandrel (60) to said second position in re-
atively associated with the operating element      sponse to an internal
pressure increase ap- 8 *   C   L   M    S   *    15                 EP 0
223 553 B1                        16 plied from  within said housing; and
wherein          tion between said housing interior and the first 



said first safety mandrel position prevents said      end of said valve
piston means (90) when said valve piston means (90) from  moving said
safety mandrel is in said second safety man- valve mandrel (60) to said
second valve man-          drel position. drel position and said second
safety mandrel   5 position permits such movement, said safety       12. A
tool according to claim  11, wherein said mandrel (96) being moved from
said first safe-        valve mandrel (60) is frangibly restrained in ty
mandrel position to said second safety man-        said first valve mandrel
position, said safety drel position responsive to an increase in pres-
mandrel (96) is frangibly restrained in said first sure exterior of said
housing.               10       safety mandrel position, and said valve
piston means (90) is frangibly restrained beneath said 7. A downhole tool
according to claim 6, wherein          valve mandrel (60). said valve
piston means (90) includes opposed first and second surfaces which are each
sub-     Patentanspruche ject to substantially the same pressure when   15
said safety mandrel (96) is in said first safety  1.  Bohrlochwerkzeug
enthaltend  ein  Gehause mandrel position and wherein said first surface
(31); ein Arbeitselement (60), das innerhalb is subject to internal housing
pressure and said      des Gehauses angeordnet und darin zwischen second
side is subject to pressure exterior of        einer ersten und einer
zweiten Stellung ver- said housing when said safety mandrel is in  20
stellbar ist; Arbeitsmittel (42), die einen dem said second safety mandrel
position.                  Gehause zugeordneten und darin gleitffhig
aufgenommenen Dom aufweisen und dem 8.  A tool according to claim 6 or 7,
wherein said         Fluiddruck von innerhalb und auBerhalb des tool
further includes safety piston means (148)       Gehauses ausgesetzt sind,
um das Arbeitsele- slidably received in said housing for moving   25
ment (60) zwischen der ersten und zweiten said safety mandrel (96) to said
second safety        Stellung zu verstellen; und losbare Sicherheits-
mandrel position responsive to said predeter-         mittel (44), die
wirkungsmaBig dem Arbeitsele- mined increase in pressure exterior of said
ment (60) und den Arbeitsmitteln (42) zugeord- housing.
net und unter Ansprechen auf Druck zwischen 30      einer ersten Stellung,
in der sie eine Verstel- 9. A tool according to claim 8, wherein said safe-
lung des Arbeitselementes (60) durch die Ar- ty piston means (148) includes
a first surface        beitsmittel (42) verhindern, und einer zweiten
subject to pressure exterior of said housing          Stellung verstellbar
sind, in der die Verstellung and a second surface subject to internal hous-
gestattet ist, ing pressure, said safety piston means (148)   35
dadurch gekennzeichnet, [err] die Arbeitsmittel being frangibly restrained
beneath said safety        (42) auf eine erste Fluiddruckdifferenz zwi-
mandrel (96) prior to said predetermined in-          schen dem Inneren und
dem  [err] des crease in exterior pressure.
Gehauses ansprechen, um das Arbeitselement (60) von seiner ersten in seine
zweite Stellung 10. A tool according to claim 9, wherein said safe-   40
zu verstellen; [err] die Sicherheitsmittel (44) ty piston means (148) is
arranged to move             einen in dem Gehause gleitfahig aufgenomme-
from a lower safety piston position to an upper       nen und durch die
Arbeitsmittel (42) wirkungs- safety piston position responsive to said pre-
[err] dem Arbeitselement (60) zugeordneten determined increase in exterior
pressure, and         Sicherheitsdorn (96) aufweisen, der auf eine wherein
said downhole tool further includes a   45    zweite Fluiddruckdifferenz
zwischen dem Inne- housing closure valve (48) operatively connect-
ren und dem AuBeren des Gehauses mit ei- ed to said safety piston means
(148), said            nem dem Gradienten der ersten Fluiddruckdif- valve
being closed in response to movement            ferenz  entgegengesetzten
Gradienten  an- of said safety piston means (148) from said
spricht, um den Sicherheitsdorn (96) aus einer lower position to said upper
position.       50       ersten in eine zweite Stellung zu verstellen; und
[err] in der zweiten Stellung des Sicher- 11. A tool according to claim 9,
wherein said valve       heitsdorns die Arbeitsmittel (42) der ersten
piston means (90) includes a first end and a          Fluiddruckdifferenz
ausgesetzt sind, um  das second end and wherein said safety mandrel
Arbeitselement aus seiner ersten in seine zwei- (96) includes a bore (144)
through a wall there-   55  te Stellung zu verstellen. of, said bore being
sealed when said safety mandrel (96) is in said first safety mandrel
2. Werkzeug nach Anspruch 1, dadurch gekenn- position and said bore
permitting communica-          zeichnet, [err] das Arbeitselement (60)durch
17                EP 0 223 553 B1 die Arbeitsmittel (42) unter Ansprechen
auf     7. Bohrlochwerkzeug nach Anspruch 6, dadurch eine Zunahme des
innerhalb des Gehauses            gekennzeichnet,[err] die
Ventilkolbenmittel (90) 



(31) angelegten Innendrucks verstellbar ist.       entgegengesetzte erste
und zweite Flachen enthalten, die mit im wesentlichen gleichem 3.  Werkzeug
nach Anspruch 1 oder 2, dadurch   5        Druck beaufschlagt sind, wenn
sich der Sicher- gekennzeichnet,[err] der Sicherheitsdorn (96)
heitsdorn (96) in der ersten Sicherheitsdom- von seiner ersten in seine
zweite Stellung un-      stellung befindet, und [err] die erste Flache mit
ter Ansprechen darauf verstellbar ist, [err] der      dem Innendruck des
Gehauses und die zweite Druck [err] des Gehauses (31) den Druck
Seite mit dem Druck [err] des Gehauses innerhalb des Gehauses um einen
vorgegebe-  10      beaufschlagt ist, wenn sich der Sicherheitsdorn nen
Betrag ubersteigt.                             in der zweiten
Sicherheitsdornstellung befindet. 4. Werkzeug nach Anspruch 1, 2 oder 3,
dadurch      8. Werkzeug nach Anspruch 6 oder 7, dadurch gekennzeichnet,
[err] das Arbeitselement (60)        gekennzeichnet, [err] das Werkzeug
ferner Si- ein Zirkulationsventil (40) aufweist, das Fluid-  15
cherheitskolbenmittel (148) enthalt, die gleitffa- fluB durch eine
Zirkulationsoffnung (62) in ei-     hig in dem Gehause aufgenommen sind, um
ner Wandung in dem Gehause (31) ermoglicht.         den Sicherheitsdorn
(96) unter Ansprechen auf die vorgegebene Zunahme des Drucks auBer- 5.
Bohrlochwerkzeug nach einem der Anspruche           halb des Gehauses in
die zweite Sicherheits- 1 bis 4, dadurch gekennzeichnet, [err] die Vor-  20
dornstellung zu verstellen. richtung ferner ein zweites Arbeitselement (48)
enthalt, das in dem Gehause (31) angeordnet     9. Werkzeug nach Anspruch
8, dadurch gekenn- und bei Anlegen der zweiten Fluiddruckdiffe-
zeichnet, [err] die Sicherheitskolbenmittel (148) renz betatigbar ist, und
[err] das Gehause vor-       eine erste Flache enthalten, die mit dem Druck
zugsweise eine durchgehende axiale Bohrung   25     [err] des Gehauses
beaufschlagt ist, und enthalt und das zweite Arbeitselement vor-
eine zweite Flache, die mit dem Innendruck zugsweise ein SchlieBventil
(200) fur die Ge-      des Gehauses beaufschlagt ist, und [err] die
hausebohrung aufweist.                              Sicherheitskolbenmittel
(148) vor der vorgege- benen Zunahme des [err] unterhalb 6.
Bohrlochwerkzeug nach Anspruch 1, dadurch   30      des Sicherheitsdorns
(96) losbar zuruckgehal- gekennzeichnet, [err] die Vorrichtung ein Zirku-
ten sind. lationsventil (40) mit einer Zirkulationsoffnung (62) in einer
Wandung des Gehauses aufweist,    10. Werkzeug nach Anspruch 9, dadurch
gekenn- [err] das Arbeitselement (60) einen Ventildorn       zeichnet, [err
die Sicherheitskolbenmittel (148) (60) aufweist, der gleiffahig in dem
Gehause   35   zur Verstellung aus einer unteren Sicherheits- aufgenommen
ist, um in einer ersten Stellung        kolbenstellung in eine obere
Sicherheitskolben- die Zirkulationsoffnung (62) zu sperren und in
stellung unter Ansprechen auf die vorgegebe- einer zweiten Stellung die
Zirkulationsoffnung      ne Zunahme des [err] angeordnet fur einen
DurchfluB zwischen,dem Inneren und      sind, und [err] das
Bohrlochwerkzeug weiter ein AuBeren des Gahauses freizugeben, und der  40
Gehauseschlielventil (48) enthalt, das mit den Ventildorn (60)losbarr in
der ersten Stellung        Sicherheitskolbenmittein (148) wirkverbunden
gehalten ist; [err] die Arbeitsmittel (42) Ventil-    und unter Ansprechen
auf die Verstellung der kolbenmittel (90) aufweisen, die gleiffahig in
Sicherheitskolbenmittel (148) aus der unteren dem Gehause aufgenommen sind,
um unter              Stellung in die obere Stellung [err] ist. Ansprechen
auf eine Zunahme des innerhalb  45 des Gehauses angelegten Innendrucks den
11. Werkzeug nach Anspruch 9, dadurch gekenn- Ventildorn (60) in die zweite
Stellung zu ver-     zeichnet, [err] die Ventilkolbenmittel (90) ein
stellen; [err] die erste Sicherheitsdomstellung      erstes Ende und ein
zweites Ende enthalten die Ventilkolbenmittel (90) an einer Verstellung
und [err] der Sicherheitsdorn (96) eine dessen des Ventildorns (60) in die
zweite Ventildorn-  50  Wandung durchsetzende Bohrung (144) ent- stellung
hindert und die zweite Sicherheits-        halt, die abgedichtet ist, wenn
sich der Sicher- dornstellung eine solche Verstellung ermog-
heitsdorn (96) in der ersten Sicherheitsdom- licht; und [err] der
Sicherheitsdom (96) unter      stellung befindet, und eine Verbindung zwi-
Ansprechen auf eine Druckzunahme auBerhalb          schen dem  Inneren des
Gehauses und dem des Gehauses von der ersten Sicherheitsdorn-   55   ersten
Ende der Ventilkolbenmittel (90) gestat- stellung in die zweite
Sicherheitsdornstellung     tet, wenn sich der Sicherheitsdom in der zwei-
verstellbar ist.                                   ten
Sicherheitsdornstellung befindet. 10               I 11111111 11111 111111
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12. Werkzeug nach Anspruch 11, dadurch gekenn-      3.  Outil selon laa
revendication 1 ou 2, dans lequel zeichnet, daB der Ventildom (60) in der
ersten     ledit manchon de securite (96) repond en se Ventildornstellung
losbar zuruckgehalten ist,     deplagant de sa premiere position a sa
secon- 



der Sicherheitsdorn (96) in der ersten Sicher-     de position lorsque la
pression a I'exterieur du heitsdornstellung losbar zuruckgehalten ist und
5  carter (31) est devenue superieure d'une va- die Ventilkolbenmittel (90)
unterhalb des Ventil-  leur predeterminee a la pression regnant dans dorns
(60) losbar zuruckgehalten sind.             ledit carter. Revendications
4. Outil selon la revendication 1, 2 ou 3, dans tO     lequel ledit element
travaillant (60) comprend 1. Outil de fond de forage comprenant: un carter
une vanne de circulation (40) destinee e per- (31) ; un element travaillant
(60) dispose dans     mettre l'ecoulement du fluide a travers un orifi- le
carter et pouvant se deplacer entre une         ce de circulation (62)
forme a travers une paroi premiere position et une seconde position
du carter (31). dans ce carter ; des moyens d'actionnement  15 (42)
comprenant un mandrin associe audit car-   5. Outil de fond de forage selon
une quelconque ter et monte coulissant dans le carter, et expo-    des
revendications 1 a 4, dans lequel ledit se a une pression de fluide de
l'interieur et de    dispositif comprend en outre un second ele-
I'exterieur du carter, pour deplacer l'element      ment travaillant (48)
dispose dans le carter travaillant (60) entre ladite premiere position et
20  (31), le second element travaillant etant action- ladite seconde
position ; et des moyens de          ne lorsque ladite seconde difference
de pres- securite relachables associes fonctionnelle-        sion est
appliquee, et dans lequel le carter ment a l'element travaillant et aux
moyens          presente de preference un alesage axial qui le
d'actionnement (42) et qui peuvent se depla-        traverse et le second
element travaillant com- cer, en reponse a une pression, entre une   25
prend de preference une vanne (200) de fer- premiere position dans laquelle
ils empechent       meture de I'alesage du carter. le deplacement de
l'element travaillaant (60) par les moyens d'actionnement (42) et une
secon-    6. Outil de fond de forage selon la revendication de position
dans laquelle ledit deplacement est     1, dans lequel ledit dispositif
comprend une permis ; caracterise en ce que les moyens   30      vanne de
circulation (40) qui comporte un orifi- d'actionnement (42) repondent a une
premiere       ce de circulation (62) forme a travers une paroi difference
de pression de fluide entre l'inte-      du carter, et dans lequel ledit
element travail- rieur et I'exterieur du carter en faisnt passer    lant
(60) comprend un mandrin de vanne (60) I'element travaillant (60) de sa
premiere posi-    qui est monte coulissant dans le carter pour tion a sa
seconde position, et les moyens de   35   masquer ledit orifice de
circulation (62) dans securite (44) comprennent un manchon monte
une premiere position et pour demasquer ledit coulissant dans le carter et
associe fonction-     orifice de circulation dens une seconde posi-
nellement a I'element travaillant (60) par l'inter-  tion pour permettre un
ecoulement entre l'inte- mediaire des moyens d'actionnement (42), le
rieur et I'exterieur du carter, ledit mandrin de manchon de securite (96)
repondant a une   40      vanne (60) etant maintenu dans ladite premiere
seconde difference de pression de fluide entre      position par une
liaison relachable, Iesdits l'interieur et I'exterieur du carter ayant un
gra-  moyens d'actionnement (42) comprenant des dient oppose a celui de
ladite premiere diffe-      moyens (90) formant piston de vanne montes
rence de pression, pour deplacer le manchon        coulissants dans le
carter pour placer ledit de securite (96) d'une premiere position a une
45  mandrin de vanne (60) dans ladite seconde seconde position, Ia seconde
position du man-       position en reponse a un accroissement de la chon de
securite exposant les moyens d'ac-          pression interieure appliquee
de l'interieur du tionnement (42) a ladite premiere difference de
carter; et dans lequel ladite premiere position pression de fluide pour
deplacer ainsi I'ele-     du manchon de securite empeche lesdits ment
travaillant de sa premiere position a sa   50  moyens (90) formant piston
de vanne de pla- seconde position.                                   cer
les moyens (60) formant mandrin de vanne dans ladite seconde position du
mandrin de 2. Outil selon la revendication 1, dans lequel les     vanne, et
ladite seconde position du manchon moyens d'actionnement (42) deplacent
I'ele-        de securite permet ce mouvement ledit man- ment travaillant
(60) en reponse a un accrois-  55  chon de securite (96) se deplacant de
ladite sement d'une pression interieure appliquee a       premiere position
du manchon de securite a partir de l'interieur du carter (31).
ladite seconde position du manchon de securi- te en reponse a un
accroissement de la pres- 11    21                EP 0 223 553 B1
22 sion a I'exterieur dudit carter.                    percage etant ferme
lorsque ledit manchon de securite (96) se trouve dans ladite premiere 7.
Out de fond de forage selon la revendication       position du manchon de
securite, et ledit per- 6. dans lequel lesdits moyens (90) formant
cage permettant une communication entre I'in- 



piston de vanne comprennent des premiere et   5     terieur du carter et la
premiere extremite des- seconde surfaces opposees qui sont toutes
dits moyens (90) formant piston de vanne lors- deux soumises sensiblement a
la m8me pres-          que ledit manchon de securite se trouve dans sion
lorsque ledit manchon de securite (96) se      ladite seconde position du
manchon de securi- trouve dans ladite premiere position du man-       te.
chon de securite, et dans iaquelle ladite pre-   10 miere surface est
soumise a une pression inte-  12. Outil selon la revendication 11, dans
lequel rieure de carter et ledit second cote est sou-      ledit mandrin de
vanne (60) est retenu par une mis a la pression regnant a l'exterieur dudit
liaison fragile dans ladite premiere position du carter lorsque ledit
manchon de securite se          mandrin de vanne, ledit manchon de securite
trouve dans ladite seconde position du man-   15    (96) est retenu par une
liaison fragile dans chon de securite.
ladite premiere position du manchon de securi- te et lesdits moyens (90)
formant piston de 8.  Outil selon la revendication 6 ou 7, dans lequel
vanne sont retenus au-dessous dudit mandrin ledit outil comprend en outre
des moyens             de vanne (60) par une liaison fragile. (148) formant
piston de securite qui sont mon-   20 tes coulissants dans ledit carter
pour placer ledit manchon de securite (96) dans ladite se- conde position
du manchon de securite en reponse audit accroissement predetermine de la
pression a I'exterieur dudit carter.     25 9. Outil selon la revendication
8, dans lequel les- dits moyens (148) formant piston de securite
comprennent une premiere surface soumise a la pression regnant a
l'exterieur dudit carter et  30 une seconde surface soumise a la pression
interieure du carter, lesdits moyens (148) for- mant piston de securite
etant retenus par une liaison fragile au-dessous dudit manchon de securite
(96) avant ledit accroissement prede-  35 termine de la pression
exterieure. 10. Outil selon la revendication 9, dans lequel les- dits
moyens (148) formant piston de securite sont agences pour se deplacer d'une
position   40 inferieure du piston de securite a une position superieure du
piston de securite en reponse audit accroissemenl predetermine de la pres-
sion exterieure, et dans lequel ledit outil de fond de forage comprend en
outre une vanne   45 (48) de fermeture du carter qui est reliee fonc-
tionnellement auxdits mpyens (148) formant piston de securite, ladite vanne
etant fermee en reponse au mouvement desdits moyens (148) formant piston de
securite allant de ladite  50 position inferieure a ladite position
superieure. 11. Outil selon la revendication 9, dans lequel les- dits
moyens (90) formant piston de vanne comprennent une premiere extremite et
une   55 seconde extremite, et dans lequel ledit man- chon de securite (96)
comprend un percage (144) qui traverse une de ses parois, ledit 12 *    C
L  M   S    *    


