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to cycle the pressure-operated circulation valve, or to operate another
pressure-operated tool which The present invention relates generally to a
may be in the pipe string, it may be necessary to downhole circulation
valve.                        apply pressure as high as 2000 psi (13.8 MPa)
or A number of downhole tools are known in   5   higher at the surface in
order to equalize the pres- which a mandrel is received for axial sliding
in a  sure in the pipe string and the annulus at the level cylindrical
housing. Some of these tools may be     of the tool. Pumps which are used
for this purpose operated by pressurizing the pipe string from which  often
have surges sufficient to cycle the tool when the tool is suspended and/or
by pressurizing the    operating at such pressures. Thus, the pressure-
annulus between the tool and the well bore. Such   10  operated tool may be
inadvertently cycled by such pressurization causes axial shifting of the
mandrel  surges when attempting to operate the tool or when thereby
operating the tool. One such circulation    attempting to operate a
different pressure-operated valve tool is described in our U.S. Patent No.
tool in the pipe string. There exist prior art devices 4,657,082 which
discloses the features of the pre-  such as shear pins and constant drag
mechanisms amble of claim 1 . As there described, the circula-  15  for
retaining mandrels in a cylindrical housing. Of tion valve includes a
mandrel which is axially shift-  course with respect to shear pins, after
the pin is ed in a cylindrical housing in one direction by     sheared
responsive to a pressure build up or re- pressurizing the pipe string to a
pressure greater  sponsive to application of mechanical force, the than
that in the annulus and in the other direction  mandrel may no longer be
retained until the tool Is by pressurizing the annulus to a pressure
greater  20  again pulled to the surface and the shear pin than that in the
pipe string. This prior art circulation  replaced. valve includes a series
of j-slots which guide the     A constant drag mechanism, such as drag
mandrel during axial shifting in order to open or   blocks, prevents
mandrel movement until the pres- close a circulation valve only after so
alternating  sure is increased above a predetermined value; pressure in the
pipe string and annulus a predeter-  25  however, the pressure must be
maintained above mined number of times.                             that
value in order to continue mandrel movement. Such prior art pressure
operated tools may be   In the case of the prior art circulation valve
above- inadvertently operated. For example, in the case of  described, such
a mechanism would not permit the the prior art circulation valve above
described, the  circulation valve to fully open because once the same is
normally incorporated into a test string   30  circulation port is
partially opened, the pressure which includes a packer beneath the
circulation     differential causes flow therethrough rather than valve.
After drill stem  testing is complete, it is  mandrel movement. The
momentum of the moving normally desirable to open the circulation valve
mandrel is thus necessary to move the valve to its prior to pulling the
pipe string, so that fluids in the  fully opened condition. A constant drag
mecha- pipe string will drain into the bore through the   35  nism, such as
drag blocks, would not permit the circulation valve rather than spilling
onto the rig  mandrel to assume its fully opened condition. floor as
sections of pipe are disconnected. As the     US-A-4646838 describes a low
pressure re- pipe string is pulled, pressure in the annulus mo-  sponsive
tester valve having a differential pressure mentarily increases due to the
swabbing action of   responsive power piston associated with the valve the
packer which is very closely received in the   40  and slidable between
first and second positions to well bore even when the same is disengaged
from     close and open the valve. A resilient spring retain- the well bore
wall. Such pressure increases may be  ing means is provided to releasably
retain the as great as 50 psi (345 kPa) which can cause axial  power piston
in its second position until the force mandrel shifting. Thus, when pulling
a pipe string  urging it towards its first position overcomes the from the
well bore which includes the described   45  retaining force. This spring
retaining means is ef- prior art circulation valve and a packer there-
fective only in one axial direction and only when beneath, the circulation
valve may cycle to a      the power piston is in its second position.
closed position. If such occurs the next section of    We have now devised
an improved arrange- pipe which is disconnected at the drilling rig plat-
ment in a circulation valve, in which a resilient form is full of fluid.
so  retaining device is provided which acts to apply a Another problem
which has been experienced      retaining force restraining axial movement
of a when using pressure operated tools in a pipe string  slidable member
out of each of its first and second relates to pressure surges in the pump
which is     positions. used to pressurize fluid in the pipe string or in
the  According to the present invention, there is annulus. For example,
during drill stem testing, the   55  provided a circulation valve adapted
to be sus- fluid in the pipe string is typically of a much lighter  pended
in a well bore on a pipe string, which valve weight than the heavy fluids
in the annulus. When   comprises a cylindrical housing having an open it is
necessary to pressurize the pipe string in order  longitudinal passageway
therethrough and a cir- 2  
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disposed through a wall thereof; a        Figure 7 is a view taken along
line 7-7 in Figure valve mandrel slidably received in said housing        6
and showing the relative positions of the sec- and axially movable between
a first position closing   tions shown in Figures 2D and 6. said
circulation port and a second position in which   Figure 8 is a view taken
along line 8-8 in Figure fluid may be circulated through said port; and an-
5  6. nular piston means received in said housing and        Figure 9 is a
view taken along line 9-9 in Figure being operatively connected to said
valve mandrel,     6. said piston means having a first side subject to
Figure 10 is a cross-sectional view of the spring pressure in the annulus
of said well bore and a        member shown in Figures 2D and 6. second
side subject to pressure in said pipe string,  10  Figure 11 is a view
taken along line 11-11 in said piston means moving said valve mandrel to-
Figure 10. wards one of said positions when the pressure on       Figure 12
is a view taken along line 12-12 in said first side exceeds the pressure on
said second    Figure 10. side and moving said mandrel towards the other of
During the course of drilling an oil well, the said positions when the
pressure on said second   is  borehole is filled with a fluid known as
drilling fluid side exceeds the pressure on said first side;        or
drilling mud. One of the purpose of this drilling characterised in that a
resilient retaining device   fluid is to contain in intersectioned
formations any acts between the housing and the mandrel to apply   fluid
which may be found there. To contain these a retaining force restraining
axial displacement of  formation fluids the drilling mud is weighted with
the mandrel out of each of its said positions; said   20   various
additives so that the hydrostatic pressure of retaining device comprising
an annular spring        the mud at the formation depth is sufficient to
member mounted on the radially inner surface of      maintain the formation
fluid within the formation said housing; said spring member being held at
its   without allowing it to escape into the borehole. upper and lower rims
against radial inward and       When it is desired to test the production
capabil- outward deformation but having an annular radially  25  ities of
the formation, a testing string is lowered deformable area therebetween;
said deformable       into the borehole to the formation depth and the area
comprising engagement means on its radially     formation fluid is allowed
to flow into the string in a inner surface, said deformable area being
biased     controlled testing program. Lower pressure is main- towards said
mandrel to engage said engagement       tained in the interior of the
testing string as it is means with said mandrel at each of two axially  30
lowered into the borehole. This is usually done by spaced positions.
keeping a valve in the closed position near the In order that the invention
may be more fully    lower end of the testing string. When the testing
understood, an embodiment thereof will now be        depth is reached, a
packer is set to seal the described, by way of example only, with reference
borehole thus closing in the formation from the to the accompanying
drawings, in which:         35   hydrostatic pressure of the drilling fluid
in the well Figure 1 is a schematic elevation view of a       annulus.
Alternately, the string may be stabbed into typical well testing apparatus
using a valve of   a previously set production packer. the invention.
The valve at the lower end of the testing string Figures 2A-2F are
elevational quarter-section     is then opened and the formation fluid,
free from views showing a circulation valve tool embodi-  40  the
restraining pressure of the drilling fluid, can ment of the invention.
flow into the interior of the testing string. Figure 3 is a view taken
along line 3-3 in Figure     The testing program includes periods of forma-
2E.                                               tion flow and periods
when the formation is closed Figure 4 is a view taken along line 4-4 in
Figure  in. Pressure recordings are taken throughout the 2E.
45   program for later analysis to determine the produc- Figure 5 is a
laid-out view of a portion of the   tion capability of the formation. If
desired, a sample indexing sleeve of Figure 2E showing the ap-      of the
formation fluid may be caught in a suitable pearance of the sleeve as if it
had been cut      sample chamber. At the end of the testing pro- along its
length at one side and then rolled out  gram, a circulation valve in the
test string is flat into a rectangular shape. The line 2E-2E   50   opened,
formation fluid in the testing string is cir- indicates the location of the
section through the  culated out, the packer is released, and the testing
sleeve which is seen in Figure 2E.                string is withdrawn.
Figure 6 is an elevational quarter-section view of    Over the years
various methods have been that portion of the tool shown in Figure 2D with
developed to open the tester valves located at the the section of Figure 6
being shifted 26  clock-   55  formation depth as described. These methods
in- wise (as viewed from the top of the tool) from    clude string
rotation, string reciprocation, and an- the section of Figure 2D.
nulus pressure changes. Particularly advantageous tester valves are those
shown in U.S. Patent Nos. 
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Holden, et al., 4,422,506  and       and torque transmitting pressure and
volume bal- 4,429,748 to Beck, and 4,444,268 and 4,448,254 to   anced slip
joint means 20. An intermediate conduit Barrington. These valves operate
responsive to      portion 21 is provided for imparting packer setting
pressure changes in the annulus and provide a full  weight to the packer
mechanism 27 at the lower opening flow passage through the tester valve ap-
5   end of the string. paratus.
It is many times desirable to place near the The annulus pressure operated
method of         lower end of the testing string a conventional cir-
opening and closing the tester valve is particularly  culating valve 22
which may be opened by rotating advantageous in offshore locations where it
is de-  or reciprocation of the testing string or a combina- sirable to the
maximum extent possible, for safety  10  tion of both or by the dropping of
a weighted bar in and environmental protection reasons, to keep the  the
interior of the testing string 10. This circulation blowout preventors
closed during the major portion  valve is provided as a back-up means to
provide of the testing procedure.                          for fluid
communication in the event that the cir- A typical arrangement for
conducting a drill    culation valve of the present apparatus should fail
stem test offshore is shown in Fig. 1. Such an   15  to open properly. Also
near the lower end of the arrangement would include a floating work station
1  formation testing string 10 is located a tester valve stationed over a
submerged work site 2. The well    25 which is preferably a tester valve of
the annulus comprises a well bore 3 typically lined with a      pressure
operated type such as those disclosed in casing string 4 extending from the
work site 2 to a  U.S. Patent Nos. 3,856,085; 4,422,506; 4,429,748;
submerged formation 5. The casing string 4 in-  20  4,444,268; and
4,448,254. Immediately above the cludes a plurality of perforations at its
lower end  tester valve is located a tool 30 which incorporates which
provide communication between the forma-      the apparatus of the present
invention. tion 5 and the interior of the well bore 6.            A
pressure recording device 26 is located be- At the submerged well site is
located a well    low the tester valve 25. The pressure recording head
installation 7 which includes blowout preven-  25  device 26 is preferably
one of which provides a full tor mechanisms. A marine conductor 8 extends
opening passageway through the center of the from the well head
installation to the floating work  pressure recorder to provide a full
opening pas- station 1. The floating work station includes a work  sageway
through the entire length of the formation deck 9 which supports a derrick
12. The derrick 12  testing string. supports a hoisting means 11. A well
head closure  30  It may be desirable to add additional formation 13 is
provided at the upper end of marine conduc-  testing apparatus in the
testing string 10. For in- tor 8. The well head closure 13 allows for
lowering  stance, where it Is feared that the testing string 10 into the
marine conductor and into the well bore 3  may become stuck in the borehole
3 it is desirable a formation testing string 10 which is raised and  to add
a jar mechanism  between the pressure lowered in the well by hoisting means
11.      35  recorder 26 and the packer assembly 27. The jar A supply
conduit 14 is provided which extends   mechanism is used to impart blows to
the testing from a hydraulic pump 15 on the deck 9 of the       string to
assist in jarring a testing string loose from floating station 1 to the
well head installation 7 at a  the borehole in the event that the testing
string point below the blowout preventors to allow the     should become
stuck. Additionally, it may be desir- pressurizing of the well annulus 16
surrounding the   40  able to add a safety joint between the jar and the
test string 10.                                     packer mechanism 27.
Such a safety joint would The testing string includes an upper circuit
allow for the testing string 10 to be disconnected string portion 17
extending from the work station 1  from the packer assembly 27 in the event
that the to the well head installation 7. A hydraulically op-  jarring
mechanism was unable to free a stuck for- erated conduit string test tree
18 is located at the   45   mation 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  50  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      In Figs. 2A-2F, an enlarged
sectional view of and the interior of the tubular formation testing   55
tool 30 is illustrated. Tool 30 includes a cylindrical string 10.
outer housing, generally designated by the numeral 



The lower portion of the formation testing string  32, having an upper
housing adapter 34 which 10 further includes intermediate conduit portion
19  includes threads 36 for attaching tool 30 to the 4    7
EP 0 301 734 B1                     8 portion of testing string 10 located
above the tool.   In Fig. 2B, an upper check valve is indicated At the
lower end of housing 32 is a lower       generally at 94. Included therein
is a resilient valve housing adapter 38 (in Fig. 2F) which includes an
portion 96 having an annular lip which has a radi- externally threaded
portion 40 for connection of    ally inner surface 98 that is sealingly
engaged tool 30 to a portion of test string 10 located below    5   against
the radially outer surface of valve mandrel the tool.
54 about its circumference. Resilient valve portion Housing 32 further
includes an upper housing    96 is carried by a valve portion carrier 100.
A section 42, a retaining mechanism housing section   space 102 is formed
between the radially inner 44, intermediate housing section 46 and a lower
surface of resilient valve portion 96 and the radially housing section 48.
The interior of the components  10  outer surface of the valve mandrel.
making up housing 32 forms a fluid flow passage-       A plurality of bores
indicated generally at 104 way 50 axially through tool 30. The various
housing  provide fluid communication between the interior of sections and
the upper and lower adapters are       valve mandrel 54 and space 102 about
the circum- threadably connected to one another via threaded    ference of
the valve mandrel. Valve portion carrier connections as shown in the
drawing with each   15  100 is received between the lower end of upper such
threaded connection being sealed with O-       valve sleeve 64 and a
beveled shoulder 106 rings as shown.
formed on the radially outer surface of valve man- Indicated generally at
52 in Figs. 2B and C is a  drel 54 about its circumference and is thus re-
circulation valve. A generally tubular valve mandrel  strained from axial
movement relative to the valve 54 is closely received within upper housing
section   20   mandrel. 42 and is sealingly engaged therewith via 0-rings
A splined mandrel 108 in Figs. 2C, 2D, 2E and 56, 58, 60, 62. An upper
valve sleeve 64 is closely  2F has an upper end threadably secured via
received within upper housing section 42 and is    threads 110 to the lower
end of lower valve sleeve threadably engaged via threads 66 to the upper
70. The radially outer surface of splined mandrel end of valve mandrel 54.
An O-ring 68 sealingly  25  108 and the radially inner surface of upper
housing engages the radially outer surface of upper valve   section 42
define therebetween an upper annular sleeve 64 to the radially inner
surface of upper    space 112 which is in communication with the housing
section 42. A lower valve sleeve 70, in Fig.  exterior of the tool via a
power port 114. 2C, is threadably engaged via threads 72 to the
Referring now to Fig. 2D, indicated generally at lower end of valve mandrel
54. O-ring pair 76 seals  30  115 is mandrel retaining means. between the
radially outer surface of lower valve      The radially outer surface of
mandrel 108 in- sleeve 70 and the radially inner surface of upper   cludes
circumferential grooves 116, 118, 120. housing section 42. Valve mandrel 54
includes a     Grooves 116, 118, 120 each include a circumferen- lower
check valve indicated generally at 78. In-    tial upper cam shoulder 122,
124, 126, respec- cluded therein is a resilient valve portion 80, such   35
tively, and a circumferential lower cam shoulder comprising an annular lip
having a radially outer   128, 130, 132, respectively. surface 82 which
bears against the radially inner      A cam shoulder 134 is formed about
the cir- surface of valve mandrel 54. Valve portion 80 is    cumference of
mandrel 108 adjacent a recessed inserted over and carried by a valve
portion carrier  portion 136 thereof. An O-ring 137 seal is received 84. A
seal 85 seals between the radially outer  40  in the upper portion of
retaining mechanism hous- surface of the valve portion carrier and the
radially  ing section 44 on the radially inner surface thereof inner
surface of valve mandrel 54. Carrier 84 sup-  to seal against mandrel 108.
ports valve portion 80 to create an annular space      A spring retainer
138 or annular ring is re- 86 between the radially outer surface of the
valve  ceived between mandrel 108 and retaining mecha- portion and the
radially inner surface of valve man-  45  nism housing section 44. The
spring retainer in- drel 54. A plurality of bores, one of which is bore
cludes an upper beveled portion 140 which is sub- 88, is formed through
valve mandrel 54 about the    stantially flushly abutted against a beveled
portion circumference thereof. Upper housing section 42    formed on the
radially inner surface of housing includes a plurality of circulating ports
disposed  section 44. An upward facing annular shoulder 142 about the
circumference thereof, one of which is  50  abuts against a corresponding
downward facing circulating port 90, to permit fluid communication  annular
shoulder formed on the radially inner sur- between the interior and
exterior of upper housing  face of housing section 44 thereby preventing
up- section 42.                                         ward movement of
spring retainer 138 relative to Valve portion carrier 84 is received
between    housing section 44. A downward facing annular 



the upper end of lower valve sleeve 70 and a   55  shoulder 144 is formed
on the radially inner surface beveled shoulder 92 and is thus restrained
from     of spring retainer 138. In the configuration of the axial movement
relative to valve mandrel 54.        tool shown in Fig. 2D, spring retainer
138 defines an upper annular space 146 between the radially 5    9
EP 0 301 734 B1                    10 inner surface of the spring retainer
and mandrel    tion 44. 108. A lower annular space 148 is defined for all
The lower end of spring 150 is abutted against positions of the tool and is
formed between the      an upward facing shoulder 190 (viewable in Figure
radially inner surface of spring retainer 138 and the  2D) formed on the
radially inner surface of inter- radially outer surface of a spring 150,
such being   5   mediate housing section 46. Spring 150 is thus also
referred to herein as an annular spring mem-   restrained against
longitudinal movement relative to ber.
cylindrical outer housing 32, which is defined by Portions of spring 150
are also shown in the    housing sections 42, 44, 46 in the views of Figs.
views of Figs. 6-8 and spring 150 is shown stand-   2D and 6. ing along in
Figs. 10-12. Spring 150 includes a   10   Directing attention now to Fig.
2E, an O-ring plurality of elongate fingers, such as fingers 152,  192
defines the upper end of a lower annular space 154, 156, etc. distributed
around the circumference  194 which has as its outer boundary the radially
thereof. Each of the fingers includes an arcuate   inner surface of lower
housing section 48. The segment or ridge, like segments 158, 160, 162 on
radially inner boundary of space 194 is defined by fingers 152, 154, 156,
respectively. Taken together  15  the outer surface of mandrel 108 and the
outer each of the segments define what is referred to    surface of a lower
mandrel 196 which is threadably herein as a substantially annular collar.
Each seg-  secured to the lower end of splined mandrel 108 ment includes an
upper cam shoulder, like upper     via threads 198. cam shoulder 164 on
segment 158 and a lower           Disposed at the lower end of annular
space cam  shoulder, like lower cam  shoulder 166 on   20  194 is an
annular floating piston 200. Piston 200 is segment 158. Each of the
elongate fingers, like    sealingly and slidingly received between the
radi- fingers 152, 154, 156 are formed by cutting slots,  ally outer
surface of lower mandrel 196 and the like slots 168, 170 in a piece of
steel tubing 172.  radially inner surface of lower housing section 48. The
fingers may thus be biased inwardly and out-    Lower annular space 194 is
filled with oil to provide wardly relative to the longitudinal axis of
tubing   25  lubrication to moving parts, to be hereinafter more 172. When
biasing forces are not applied to the    fully described, contained within
space 194. The fingers, the spring assumes the position shown in  lower
side of floating piston 200 is in fluid commu- the drawings. A pair of
opposing lugs 174, 176 are  nication with the exterior of tool 30 via a
port 202 formed at the lower end of the spring. Lug 176 is  formed through
the wall of lower housing section also viewable in Fig. 6 with both lugs
being shown   30  48. The floating piston prevents drilling mud and in
Figs. 7 and 8.                                   other contaminates in the
well bore from becom- As previously described, mandrel 108 includes   ming
mixed with the oil contained in annular space an upper recessed portion 136
having a smaller      194 above the floating piston. In Fig. 2E, an index-
outside diameter than that portion of the mandrel   ing sleeve 204 is
closely received over splined appearing directly therebeneath. The portion
ap-  35   mandrel 108 and is restrained from axial movement pearing
directly beneath recessed portion 136 in-   therealong by a downward facing
shoulder 206 cludes therein a pair of opposing longitudinal slots  formed
on mandrel 108 and the upper surface of 178, 180 (in Figs. 8 and 9) which
traverse circum-  lower mandrel 196. For a better view of the struc-
ferential grooves 116, 118, 120. Opposing lugs 174,  ture associated with
indexing sleeve 204, attention 176 on spring 150 are received within slots
178,  40  is directed to Fig. 5. 180, respectively. Slot 180 includes a
lower end       An outer cylindrical surface 208 on indexing 182 and an
upper end at cam shoulder 134. Slot      sleeve 204 includes a continuous
slot, such being 180 further includes a pair of opposing sides 184,
generally indicated at 210. Slot 210 includes a 186 between lower end 182
of the slot and groove   repeating zig-zag portion 212 which rotates sleeve
120. Side 184 is visible in Fig. 6 with the similarly  45  204
counter-clockwise, as viewed from above, upon situated sides 187, 189, 191
of slot 180 between   reciprocation of mandrel 108 relative to cylindrical
groove 120 and groove 118, between groove 118       outer housing 32. and
groove 116, and between groove 116 and             Slot 210 further
includes first and second verti- shoulder 134, respectively, also being
visible in   cal slot portions 214,216. Each of slot portions 214, Fig. 6.
50  216 includes an upper and lower leg, like upper leg Lugs 174, 176 on
spring 150 are received in     218 and lower leg 220 in slot 214.
Connecting slot slots 178, 180 respectively. Also received in slots
portions 222, 224 connect repeating zig-zag portion 



178, 180 are a pair of opposing axial lugs 193, 195  212 with vertical slot
portions 214, 216. Zig-zag formed on the radially inner surface of
intermediate  portion 212 includes a first leg 226 having an upper housing
section 46.                            55  surface 228 and a lower surface
230. Each of the An annular space 188 is defined between the     other legs
in zig-zag portion 212 includes similar radially outer surface of spring
150 and the radially  upper and lower surfaces. Likewise each of vertical
inner surface of retaining mechanism housing sec-  slot portions 214, 216
includes upper and lower 6    11              EP0301 734B1
12 surfaces like upper surface 232 and lower surface      In assembling
tool 30, lower housing adapter 234 in slot portion 214. A ball 236 is
biased into  38 is threadably engaged to lower housing section slot portion
214 and more particularly into the lower  48 via the threads shown in Fig.
2F. Thereafter portion of the slot as viewed in both Figs. 5 and   mandrel
108, with indexing sleeve 204 received 2E.
thereabout, is lowered into lower housing section In Fig. 2E, ball 236 is
mounted on the radially  48. Next, intermediate housing section 46 is
fitted inner surface of an annular shoulder 238 which is   over mandrel 108
with opposing lugs 193, 195, formed on the radially inner surface of lower
hous-  being aligned with and received in opposing slots ing section 48.
For a more detailed description of  178, 180, respectively, on mandrel 108.
Section 46 ball 236, its associated structure, and the manner  10  is
lowered until the lower threads thereof engage in which ball 236 interacts
with indexing sleeve 204  the upper threads of lower housing section 48.
see U.S. Patent No. 4,355,685 to Beck which de-     Thereafter, section 46
is rotated, such rotation also scription is incorporated herein by
reference.      rotating mandrel 108 since lugs 193, 195 are re- An annular
shoulder 240 is formed on the radi-  ceived in slots 178, 180. When
sections 46, 48 are ally inner surface of lower housing section 48 about
is  tightly threadably engaged, the lower end of spring its circumference.
Annular shoulder 240 includes a  150 is fitted over the upper end of
mandrel 108 pair of opposed slots 242, 244 which are viewable  and is
slided toward its installed position as shown in Fig. 4.
in Figs. 2D and 6. Lugs 174, 176 are received in Annular shoulder 238
includes a pair of op-     slots 178, 180, respectively. It can be seen
that posed slots 246, 248 with slot 246 being axially  20   when the
segments on the spring, like segment aligned with slot 242 and slot 248
being axially    158, abut against cam shoulder 134 on mandrel aligned with
slot 244.                              108 further downward movement of the
spring is Indexing sleeve 204 includes a pair of opposed  prevented. load
lugs 250, 252, such being viewable in Fig. 4.     Spring retainer 138 is
used as a tool to splay In the view of Fig. 4, opposing lugs 250, 252 are
25  the spring fingers radially outwardly in order to received within slots
244, 242, respectively. Load  maintain each of the spring segments in a
radially lug 252 is viewable in Fig. 5 and is shown in       outer position
to enable sliding the spring to its dashed lines in Fig. 2E, such
indicating where load  installed position. Spring retainer 138 is fitted
over lug 252 is positioned on the rear side of index     mandrel 108 in a
reverse position from that shown sleeve 204, with lug 250 being half cut
away in the   30  in Figs. 6 and 2D. In other words, bevel 140 on quarter
section and half obscured by lower housing  spring retainer 138 is directed
downwardly toward section 48.                                         the
upper tips of the spring fingers. Spring retainer Load lug 252 includes an
upper abutment sur-    138 is urged against the upper portion of the spring
face 254 and a lower abutment surface 256. Abut-    causing each of the
spring fingers, like fingers 152, ment surfaces 254, 256 comprise the upper
and   35  154, 156, to be biased outwardly when the radially lower
surfaces, respectively, of the load lug which  inner surfaces of the upper
portion of each spring extends outwardly from surface 208 of indexing
finger rides onto beveled portion 140 of spring sleeve 204.
retainer 138. Spring retainer 138 is received within In Fig. 2E, annular
shoulder 240 includes upper  the upper portion of the spring a sufficient
amount and lower abutment surfaces 258, 260, respec-  40  to splay the
fingers outwardly to permit each of the tively.
spring segments, like segments 158, 160, 162, to Also in Fig. 2E, shoulder
238 includes upper    clear cam  shoulder 134 and each of the cam and lower
abutment surfaces 262, 264, respec-      shoulders in grooves 116, 118,
120. Such enables tively. The upper surface of lower mandrel 196     the
lower end of the spring to approach shoulder comprises an abutment surface
266 with surface   45  190 in Fig. 2D. 264 being abutted against surface
266 in the view      It can be seen that lugs 174, 176 of the spring of
Fig. 2E.                                         are received in slots 178,
180 as the spring is Additional abutment surfaces are seen in Figs.
lowered to its installed position. With the spring 2C and 2D and include
surface 268 on the lower      lowered to the position of Fig. 2D, spring
retainer end of lower valve sleeve 70 and surface 270 on   50  138 is
withdrawn from the spring thereby enabling 



the upper end of retaining mechanism  housing      the fingers to return to
an unbiased condition thus section 44. As will be explained hereinafter,
the   causing each of the segments, like segments 158, various abutment
surfaces interact with one another  160, 162 on the spring to be received
within groove to limit the axial movement of valve mandrel 54     120 as
shown in Fig. 2D. and thereby place the valve in a closed condition,  55
Thereafter, spring retainer 138 is removed from in a condition for
circulation of fluids, or in a   mandrel 108, turned over and lowered over
the condition for reverse circulation of fluids.        mandrel until it
assumes the position in Fig. 2D. Next, retaining mechanism housing section
44 is 7    13                EP0301 734B1                      14 lowered
over the mandrel and is threadably en-    splined mandrel 108 is so
positioned. As will later gaged with threads at the lower end thereof to
be described, the spring segments may be simi- section 46 as shown in Fig.
2D.                   larly received in each of the grooves formed on
Spring retainer 138 may rotate relative to both  mandrel 108, and against
cam shoulder 134 on housing section 44 and the spring fingers on spring   5
mandrel 108, as mandrel 108 axially shifts within 150 as the housing
section is threadably engaged  cylindrical housing 32. with housing section
46. Lugs 193, 195 on inter-      With the tool configured as described
above, it mediate housing section 46 are received in man-   is assembled
into the pipe string and lowered into drel 108 and thus prevent mandrel
rotation as     the well bore as shown in Fig. 1. With this arrange-
retaining  mechanism  housing  section  44  is  10   ment fluids may be
pumped into the pipe string on threadably engaged with section 46.
Likewise, lugs  which tool 30 is suspended for purposes of fractur- 174,
176 on spring 150 are received in slots 178,  ing or injecting acid into
the formation. Also, the 180, respectively, on mandrel 108 thus preventing
annulus between tool 30 and the well bore may be rotation of spring 150 as
section 44 is threadably  pressurized in order to operate different tools
in the engaged with section 46. Rotation of spring retainer  15  drill
string testing arrangement. 138 as section 44 is threaded onto section 46
With ball 236 in the lower portion of leg 226, prevents binding of the
fingers against housing   when fluid is pumped down the pipe string upon
section 44 as would be the case if a downward     which the tool is
suspended, passageway 50 is facing shoulder were formed on section 44 to
re-   pressurized thus urging splined mandrel 108 down- strain upward
movement of spring 150. In other  20  wardly. Mardrel 108 is urged
downwardly under words, if spring retainer 138 should bind against  such
pressurization due to the action of an annular housing section 44, the
spring retainer may still  piston which is effectivley formed by the
mandrel rotate freely relative to the spring fingers. If on the  108 and
the sleeve 70. The effective diameters are other hand the retainer should
bind against the   defined by the O-ring pair 76 in Fig. 2C and by 0-
fingers, housing section 44 can rotate freely rela-  25  ring 137 in Fig.
2D. Fluid pressure in passageway tive to the spring retainer.
50 acts across the difference in area between 0- The spring retainer thus
serves as a tool to   ring pair 76 and O-ring 137 to urge splined randrel
assist in assembling the retaining mechanism and  108 downwardly.
thereafter, when installed, serves to prevent dam-    It can be seen, in
Fig. 2D, that such downward age to the spring fingers when housing section
44   30  force on mandrel 108 causes cam shoulder 124 to is added.
abut against cam shoulder 164, which is now re- A person having ordinary
skill in the art will  ceived in groove 118 in the same fashion that
readily understand how the remaining components   segment 158 is shown in
groove 120, on segment of the tool are assembled to place the tool in the
158 of spring 150. In a similar fashion each of the condition shown in
Figs. 2A-2F.               35  other upper cam shoulders on each of the
spring In operation, prior to suspending tool 30 on a  segments  have  cam
shoulder 124  abutting pipe string in a well bore, mandrel 108 is axially
thereagainst. When the pressure in passageway reciprocated relative to
housing 32 in order to   50, which is applied to the upper side of the
place ball 236 in the lower end of leg 226 as shown  annular piston is
greater than the pressure in the in dashed lines in Fig. 5. In this
position ball 236 is  40  annulus, which is applied to the lower surface of
adjacent lower surface 230. When ball 236 is in the  the annular piston via
port 114, by a predetermined lower portion of leg 226 adjacent surface 230,
value, each of the spring fingers, like fingers 152, abutment surface 254
of oad lug 252 and the upper  154, 156, in spring 150 bow outwardly in
response surface of the opposing load lug are abutted      to the camming
action of cam shoulder 124 on against abutment surface 260 on the underside
of  45  mandrel 108 against each of the segment upper annular shoulder 240.
When surfaces 254, 260 are  cam shoulders, like cam shoulder 164. In the
in- so abutted, ball 236 is not abutted against surface  stant embodiment
of the invention, the required 230 on the lower portion of leg 226 but
rather is  pressure differential is approximately 300 psi (2.1 



position just adjacent thereto.                   MPa). When cam shoulder
124 rides downwardly When splined mandrel 108 is positioned with  so
against cam shoulder 164, it can be seen that the ball 236 in leg 226 as
described above, valve     spring bows outwardly into annular space 188 and
mandrel 54 is positioned over circulation port 90 in  the radially inner
surface of each of the segments, Fig. 2C between O-rings 58, 60. Thus,
fluid com-  like segments 158, 160, 162 is received substan- munication
between passageway 50 and the ex-      tially flushly against the radially
outer surface of terior of tool 30 is prevented. Also the substantially  55
mandrel 108 above groove 118. annular collar formed by the segments, like
seg-      When the segments are so received against ments 158, 160, 162, on
the radially inner surface  mandrel 108, the mandrel is freely slidable of
spring 150 is received in groove 118 when      thereagainst and continues
downward travel until 8    15                 EP 0 301 734 B1
16 ball 236 is received in the upper portion of leg 226,  exceeds, in the
instant embodiment of the inven- as shown in dashed lines in Fig. 5,
adjacent sur-   tion, 300 psi (2.1 MPa), spring 150 bows outwardly face
228. When ball 236 is so received, segment     and mandrel 108 moves
upwardly until ball 236 is 158, as well as each of the other segments, is
received in the lower portion of the leg adjacent leg received in groove
116 and the fingers of spring   5   226. Further upward piston mandrel
movement is 150 are no longer braced outwardly.                stopped by
the action of abutment surface 254 It is to be appreciated that downward
move-     against abutment surface 260 on the underside of ment of mandrel
108 is stopped when lower sur-      annular shoulder 240. When such
abutment occurs, face 256 on load lug 252 and the lower abutment     the
segments of spring 150 are again received surface on the opposing load lug
strike upper abut-  10  within groove 118 of mandrel 108 and restrain the
ment surface 262 on shoulder 238. Such occurs       mandrel from upward
axial movement until the up- when ball 236 is in the position shown in
dashed    ward pressure against the annular piston exceeds lines adjacent
upper surface 228. Such abutment     300 psi (2.1 MPa). prevents ball 236
from abutting against surface 228    When ball 236 is received within
zig-zag por- with a significant amount of force.            15  tion 212,
although mandrel 108 (and thus valve Just as the downward movement of
mandrel        mandrel 54) are reciprocated between the upper 108 is
stopped by impact of the abutment surfaces  and lower portions of slot 212,
circulation port 90 is as described above, segment 158, and each of the
always between O-rings 58, 60 thus sealing the other segments, is received
in groove 116. When     port from fluid communications between the interior
the tool is so configured, if the pressure in the   20  and exterior of the
tool. annulus should increase, or the pressure in pas-       It can be seen
that by alternately pumping sageway 50 decrease, so that the pressure on
the    down the drill string and the annulus or pumping underside of the
annular piston is greater than that  down and releasing pressure in the
drill string, ball on the upper side, lower cam  shoulder 128 in       236
is successively moved along zig-zag portion groove 116 will be urged
against lower cam shoul-  25  212 until it is received in the upper portion
of the der 166 of segment 158 as well as each of the      leg to the
immediate right of slot portion 222. Each other segment lower cam
shoulders. Mandrel 108     time ball 236 is received in an uppermost leg of
is thus restrained from  upward movement until     zig-zag portion 212, as
shown in dashed lines upward pressure sufficient to bow spring 150 out-
adjacent upper surface 228, the spring segments, wardly thereby forcing the
segments onto the radi-  30  like segment 158, are received in groove 116.
Each ally outer surface of mandrel 108 beneath groove   time ball 236 is
received in a lowermost leg of zig- 116 is applied to the underside of the
piston. As  zag portion 212, as shown in dashed lines adjacent previously
mentioned, the instant embodiment of     lower surface 230, segment 158 and
each of the the invention requires a positive pressure in the   other
segments in spring 150 are received in annulus relative to passageway 50 of
300 psi (2.1  35  groove 118. As previously described, a pressure MPa) to
release mandrel 108. Thus, pressure         differential of approximately
300 psi (2.1 MPa) be- surges from the pump at the surface of pressure
tween passageway 50 and the annulus is neces- generated when the pipe
string is pulled from the   sary before mandrel 108 may be moved between
well bore will be. insufficient to inadvertantly move  the position in
which segment 158 and each of the mandrel 108 from the position in which it
is re-  40  other segments in spring 150 are received in tained by spring
150.                               groove 116 and the position in which the
segments On the other hand, once a pressure differential  are received in
groove 118. sufficient to bow spring 150 outwardly is applied,    When
pressure in the pipe string is released, the radially inner surface of each
o the segments,  the normal hydrostatic pressure in the annulus will like
segment 158, in the spring flushly abut against  45  act on mandrel 108
through port 114 and urge it the radially outer surface of mandrel 108 and
per-  upwardly relative to cylindrical housing 32. Thus, 



mit axial mandrel movement relative to the spring  the annulus does not
have to be pressurized to responsive to pressure differentials of far less
than  axially reciprocate mandrel 108 and move zig-zag 300 p.s.i.
portion 212 relative to ball 236. After ball 236 is positioned in the upper
portion   50  When ball 236 is received in the upper portion of leg 226, it
may be necessary or desirable to     of the leg to the immediate right of
slot portion 222, operate a tool in the drill string testing arrangement
annulus pressure may be applied, or drill string by applying pressure to
the annulus between the     pressure released, until the annulus pressure
is drill string and the well bore. Such pressure, in   greater (by 300
p.s.i.) than the pressure in pas- addition to the hydrostatic pressure in
the annulus,  55  sageway 50 to urge mandrel 108 upwardly thereby is
communicated to annular space 112 via port 114   causing ball 236 to enter
slot portion 222 and in Fig. 2D and serves to urge mandrel 108 upwar-
thereafter lower leg 220 as the mandrel continues dly relative to housing
32. When such pressure     its upward movement. Abutment surface 254 does
17                 EP 0 301 734 B1                    18 not strike
abutment surface 260 on the lower sur-   fluid may be reverse circulated
through port 90, face of shoulder 240 as during piston mandrel       (and
the other circulation ports), bore 88 (and the reciprocation when ball 236
is received in zig-zag  other bores about the perimeter of valve mandrel
portion 212. This is because load lugs 250, 252 are  54 adjacent bore 88),
into annular space 86 on the received within slots 242, 244 as shown in
Fig. 4   5   radially inner surface of valve mandrel 54 and into and thus
permit movement of ball 236 down lower     passageway 50 via a channel
defined between the leg 220.
radially inner surface of valve mandrel 54 and Just prior to abutment of
ball 236 against lower  surface 82 of valve portion 80. surface 234,
abutment surface 264 on the lower         Thus when valve mandrel 54 is in
configuration side of shoulder 238 abuts against surface 266 on   10  of
Fig. 2C, the well may be reverse circulated but, the upper side of lower
mandrel 196 thus stopping   because of the action of resilient valve
portion 80, further mandrel movement and preventing ball 236   the well may
not be circulated from the drill string from absorbing a significant axial
load. As such   into the annulus. When pressure in passageway 50 occurs,
segment 158 and each of the other spring   is greater than the pressure in
the well annulus, segments are received in groove 120 as shown in  15
surface 82 sealingly engages the radially inner Fig. 2D. The tool is thus
in the configuration shown  surface of the valve mandrel thus preventing
flow in Figs. 2A-2F.                                     between passageway
50 and the annulus. As mandrel 108 moves from the position in
Since such flow may not occur, when it is which ball 236 is received in the
upper portion of  desired to place the tool in condition for circulation,
the leg to the immediate right of slot portion 222   20  passageway 50 may
be pressurized (by pumping until the ball is received in the lowermost
portion of  down the drill string). With the collar segments lower leg 220
as shown in Fig. 5, the spring seg-  received in groove 120, the pressure
in passage- ments change from a position in which they are      way 50 must
exceed the annulus pressure by ap- received in groove 1 16 to a position in
which they  proximately 300 psi (2.1 MPa) before downward are received in
groove 120 as shown in Fig. 2D. In  25   movement of mandrel 108 may be
effected. When order to so move, the segments momentarily pass    such
pressure occurs, spring 150 is bowed radially through groove 118. Although
it is necessary to     outwardly by the action of cam  shoulder 126 achieve
the 300 psi (2.1 MPa) pressure differential  against cam shoulder 164 in
Fig. 2D. Thereafter, as previously described in order for mandrel 108 to
the radially inner surface of each of the segments begin upward movement,
after such movement is  30  in spring 150 rides against the radially outer
sur- achieved the pressure need not be maintained,       face of mandrel
108 between grooves 120, 118 even as the segments pass through groove 118,
until the segments are received in groove 118. because of the momentum of
the mandrel. It is       During such travel of mandrel 108, very little
drag important that mandrel momentum be maintained      is exerted by the
action of the radially inner surface as the mandrel moves to its uppermost
position as   35  of the segments of spring 150 against the radially shown
in the drawings. It can be seen that as       outer surface of the mandrel.
mandrel 108 moves upwardly, seals 60, 62 move          As mandrel 108 is
urged downwardly, ball 236 above port 90. As soon as seal 62 is above the
moves upwardly in leg 220 and into leg 218 until lowermost portion of the
port, reverse circulation  the ball is adjacent surface 232. Just prior to
im- through port 90 begins. After such occurs, greatly  40  pact of surface
232 and ball 236, surface 268 on increasing the pressure in the annulus
serves only  the lower end of lower valve sleeve 70 abuts to increase
reverse, flow rather than to pressurize  against surface 270 on the upper
end of retaining annular space 112 via port 114. Thus, it is neces-
mechanism housing section 44 thus stopping fur- sary that a sufficient
upward momentum of mandrel   ther downward movement of mandrel 108 and pre-
108 is achieved to mantain mandrel movement  45  venting ball 236 from
bearing significant forces as 



until it assumes its uppermost position as shown in  a result of impact
with surface 232. the drawings. Since the radially inner surface of      As
the mandrel travels from its uppermost po- each of the spring segments
exert very little drag  sition, shown in the drawings, to its lowermost
against the radially outer surface of the mandrel as  position, the
segments on spring 150 are momen- it moves thereby, mandrel momentum is not
im-   50  tarily received in groove 118 and then groove 116. peded, and,
once a sufficient upward force is gen-  While it is necessary to achieve a
pressure in erated to initiate mandrel movement from the posi-  passageway
50 which is approximately 300 p.s.i. tion in which the spring segments are
received in   greater than that in the well annulus in order to collar 116
the mandrel will easily move to its up-  urge the spring segments outwardly
from groove permost position as shown in the drawings.     55  120 to
initiate mandrel movement, the 300 psi (2.1 When the tool is configured as
shown in Figs.   MPa) differential need not be maintained in order 2A-2F,
valve mandrel 54 is positioned relative to  to move the spring segments in
and out of grooves port 90 as shown in Fig. 2C. When so positioned,    118,
116 because the momentum of mandrel 108 10    19                EP 0 301
734 B1                     20 generates force which tends to urge the
segments    108 thus driving mandrel 108 upwardly and caus- out of the
grooves by action of the groove cam      ing ball 236 to move down leg 218
and into the zig- shoulders against the cam shoulders on the seg-    zag
portion (not shown) on surface 208 opposite ments. After groove 116 in
mandrel 108 passes       zig-zag portion 212. beneath the segments of
spring 150, the radially   5   The tool is again in condition to permit re-
inner surface of each of the spring segments is     peated alternate
applications of annulus and drill urged against the radially outer surface
of mandrel  string pressure or application and release of drill 108 between
groove 116 and cam shoulder 134.       string pressure without shifting the
tool into con- Just as ball 236 is received adjacent surface 232 in  dition
for circulation or for reverse circulation. Such upper leg 218, cam
shoulder 166 on segment 158   10  alternating pressure changes must produce
pres- and each of the other segment lower cam shoul-      sure
differentials between the central fluid passage ders are received against
cam shoulder 134. Man-    of the tool and the annulus of at least 300 psi
(2.1 drel 108 is thus restrained from further upward     MPa) thereby
preventing pump surges and pres- movement due to the abutment of surface
268, 270    sure differentials created during raising and lower- and is
restrained from downward movement until  15  ing of the pipe string from
inadvertantly cycling the pressure in passageway 50 exceeds the pres-
mandrel 108 to a different position. It can be seen sure in the annulus by
approximately 300 p.s.i.    that, in the tool of the preferred embodiment,
five because of the action of the lower cam shoulders   such alternate
applications and releases of pipe of each segment against cam shoulder 134
and        string pressure must occur before the tool is again mandrel 108.
It is important that mandrel momen-  20  placed in condition for reverse
circulation. There- tum be maintained during downward travel of man-
after application of drill string pressure places the drel 108 after groove
116 passes beneath the       tool in condition for circulation to permit,
for exam- spring segments.. As soon as O-ring 56 (in Fig. 2B)  ple, the
spotting of fluids into the well bore adja- passes beneath circulating port
90, circulation be-  cent the tool. It will be apparent to one skilled in
tween passageway 50 through port 90 into the   25  the art that more or
fewer than five cycles may annulus begins. Increasing pipe string pressure
readily be employed by changing the configuration serves only to increase
such flow rather than to    of the slot in which ball 236 is received. urge
mandrel 108 downwardly. As in the previously      It can be seen that the
tool permits alternate described case of mandrel movement to the re-
pumping of fluids into the formation and operation verse circulation
position, spring 150 does not act  30  of various tools by pressurizing the
wall without to exert substantial drag against mandrel 108 after  placing
the tool in condition for circulation or re- movement thereof is underway.
Such permits man-     verse circulation until the annulus and drill string
drel movement into the fully opened positive cir-   have been alternately
pressurized a predetermined culation position with segment shoulder 166
abut-   number of times. Such alternate pressurizations, as ted against
mandrel shoulder 134.              35  previously noted, must have pressure
differentials When mandrel 108 is in its lowermost con-       of at least,
in the instant embodiment of the inven- dition, O-ring 56 of valve mandrel
54 is beneath   tion, 300 psi (2.1 MPa). It will be apparent to one
circulating port 90 thus permitting circulation from  skilled in the art
that the tool may be designed so passageway 50 into the well bore as
follows. When  that pressure differentials of less than or more than
pressure in passageway 50 increases above that in  40  300 psi (2.1 MPa)
are necessary in order to cycle the annulus, fluid flows through bores 104
into    the tool to a different position. annular space 102, between
surface 98 and the          The tool of the invention permits reversing
radially outer surface of valve mandrel 54, and    fluids out of the drill
string and thereafter spotting 



through port 90 into the annulus.                  fluids, for example
nitrogen, into the well bore When so configured, if annulus pressure ex-
45  adjacent the tool. Thereafter, annulus pressure can ceeds that of
passageway 50, flow does not occur    be increased to actuate other valves
and/or tools in through port 90 because surface 98 sealingly en-    the
well bore without compressing the nitrogen in gages the radially outer
surface of valve mandrel   the drill string and without inadvertantly
cycling the 54.                                                tool to a
different position. If it is desired to return the tool to its closed   so
Thus, the tool permits selectively reverse cir- position in which neither
circulation nor reverse   culating and spotting fluids down the well while
at circulation can occur, the annulus is pressurized (or  the same time
permitting application of drill string pipe string pressure is reduced)
until the annulus  and annulus pressure to pump fluids and actuate pressure
is at least approximately 300 psi (2.1     other tools and permits raising
and lowering of the MPa) greater than pipe string pressure. When such   55
pipe string without unintentionally shifting the posi- occurs, the lower
cam shoulders of each of the     tion of the mandrel in the tool. Such
unintentional spring segments, like lower shoulder 166 on seg-   shifting
of the mandrel may ultimately lead to inad- ment 158, ride down cam
shoulder 134 on mandrel     vertantly opening or closing the circulation
valve. It 11    21                 EP 0 301 734 B1                    22 is
thus seen that the downhole tool of the present     of said spring member
therein each time one invention readily achieves the ends and advantages
of said grooves passes by said spring mem- mentioned as well'as those
inherent therein. Al-         ber. though a presently preferred embodiment
of the invention has been specifically described for the   5   3. A
circulation valve according to claim 1 or 2, purposes of this disclosure,
numerous changes in       wherein said engagement means is a substan- the
arrangement and construction of parts can be       tially annular collar
(158,160,162) formed on made by those skilled in the art.
the radially inner surface of said spring mem- ber for engaging said
mandrel grooves. Claims                                         10 4. A
circulation valve according to claim 1, 2 or 3, 1. A circulation valve (30)
adapted to be sus-         wherein said spring member comprises a plu-
pended in a well bore (3) on a pipe string (10),   rality of elongate
fingers (152,154,156) dispos- which valve comprises a cylindrical housing
ed about the circumference of said mandrel. (32) having an open
longitudinal passageway   15 (50) therethrough and a circulation port (90)
5. A circulation valve according to claim 1, 2, 3 or disposed through a
wall thereof; a valve man-       4, wherein said spring member is
restrained drel (54) slidably received in said housing and     against
vertical movement relative to said axially movable between a first position
closing   housing by upper (144) and lower (190) shoul- said circulation
port (90) and a second position   20  ders formed on the radially inner
surface of in which fluid may be circulated through said     said housing.
circulation port (90); annular piston means (70,108), received in said
housing (32) and     6. A circulation valve according to claim  5, being
operatively connected to said valve man-      wherein one (144) of said
housing shoulders is drel (54), said piston means having a first side   25
formed on the radially inner surface of a freely subject to pressure in the
annulus (112) of said   rotatable annular ring (138). well bore and a
second side subject to pres- sure in said pipe string, said piston means
Patentanspruche moving said valve mandrel (54) towards one of said
positions when the pressure on said first  30  1. Ein Umlaufventil (30),
angepaBt zum Anhangen side exceeds the pressure on said second side
an ein Bohrgestange (10) in einem Bohrloch and moving said mandrel towards
the other of        (3), zusammengesetzt aus einem zylindrischen said
positions when the pressure on said sec-       Gehause (32) mit offenem,
langslaufigem Lauf- ond side exceeds the pressure on said first         weg
(50) durch das Gehause und einer Um- side; characterised in that a
resilient retaining   35  laufoffnung (90) durch dessen Wand; eine in
device (150) acts between the housing (32)          das besagte Gehause
eingeschobene Ventil- and the valve mandrel (54) to apply a retaining
spindel (54), axial verschiebbar zwischen einer force restraining axial
displacement of the         ersten SchlieBerstellung, der besagten Offnung
valve mandrel (54) out of each of its said          (90) und einer zweiten
Position, in der Flussig- positions; said retaining device (150) compris-
40  keit durch besagte Umlaufoffnung (90) umlau- ing an annular spring
member mounted on the         fen kann; eine ringformige Kolbeneinrichtung 



radially inner surface of said housing (32); said  (70, 108), aufgenommen
im besagten Gehause spring member being held at its upper and          (32)
und betriebsmaBig im Verbund mit besag- lower rims against radial inward
and outward       ter Ventilspindel (54), wobei die besagte Kol-
deformation but having an annular radially de-  45  beneinrichtung eine
erste Seite hat, die den formable area therebetween; said deformable
Druck im Ringraum (112) des besagten Bohr- area comprising engagement means
on its ra-         lochs ausgesetzt ist sowie eine zweite Seite, dially
inner surface, said deformable area be-      die dem  Druck im  besagten
Bohrgestange ing biased towards said valve mandrel (54) to       ausgesetzt
ist, die besagte Kolbeneinrichtung engage said engagement means with said
50          bewegt die besagte Ventilspindel (54) in Rich- valve mandrel
(54) at each of two axially          tung einer der besagten Kolben, wenn
der spaced positions.                                   Druck an der
besagten ersten Seite hoher geht als der Druck an der besagten zweiten
Seite 2. A circulation valve according to claim  1,          und bewegt die
besagte Spindel in Richtung wherein said mandrel includes a pair of axially
55  der anderen der besagten Positionen, wenn spaced circumferential
grooves (116,118,120)        der Druck an der besagten zweiten Seite ho-
formed on the radially outer surface thereof for    her geht, als der Druck
an der besagten ersten respectively receiving said engagement means
Seite; gekennzeichnet dadurch, [err] ein wider- 12    21                 EP
0 301 734 B1                    22    *   C  L  M  S  * is thus seen that
the downhole tool of the present     of said spring member therein each
time one invention readily achieves the ends and advantages     of said
grooves passes by said spring mem- mentioned as well as those inherent
therein. Al-       ber. though a presently preferred embodiment of the
invention has been specifically described for the   5   3. A circulation
valve according to claim 1 or 2, purposes of this disclosure, numerous
changes in       wherein said engagement means is a substan- the
arrangement and construction of parts can be       tially annular collar
(158,160,162) formed on made by those skilled in the art.
the radially inner surface of said spring mem- ber for engaging said
mandrel grooves. Claims                                         10 4. A
circulation valve according to claim 1, 2 or 3, 1. A circulation valve (30)
adapted to be sus-         wherein said spring member comprises a plu-
pended in a well bore (3) on a pipe string (10),   rality of elongate
fingers (152,154,156) dispos- which valve comprises a cylindrical housing
ed about the circumference of said mandrel. (32) having an open
longitudinal passageway   is (50) therethrough and a circulation port (90)
5. A circulation valve according to claim 1, 2, 3 or disposed through a
wall thereof; a valve man-       4, wherein said spring member is
restrained drel (54) slidably received in said housing and     against
vertical movement relative to said axially movable between a first position
closing   housing by upper (144) and lower (190) shoul- said circulation
port (90) and a second position   20  ders formed on the radially inner
surface of in which fluid may be circulated through said      said housing.
circulation port (90); annular piston means (70,108), received in said
housing (32) and     6. A circulation valve according to claim  5, being
operatively connected to said valve man-      wherein one (144) of said
housing shoulders is drel (54), said piston means having a first side   25
formed on the radially inner surface of a freely subject to pressure in the
annulus (112) of said   rotatable annular ring (138). well bore and a
second side subject to pres- sure in said pipe string, said piston means
Patentanspruche moving said valve mandrel (54) towards one of said
positions when the pressure on said first  30  1. Ein Umlaufventil (30),
[err] zum Anhangen side exceeds the pressure on said second side       an
ein Bohrgestange (10) in einem Bohrloch and moving said mandrel towards the
other of        (3), zusammengesetzt aus einem zylindrischen said positions
when the pressure on said sec-       Gehause (32) mit offenem,
langslaufigem Lauf- ond side exceeds the pressure on said first         weg
(50) durch das Gehause und einer Um- side; characterised in that a
resilient retaining   35  laufoffnung (90) durch dessen Wand; eine in
device (150) acts between the housing (32)          das besagte Gehause
eingeschobene Ventil- and the valve mandrel (54) to apply a retaining
spindel (54), axial verschiebbar zwischen einer force restraining axial
displacement of the         ersten SchlieBerstellung, der besagten Offnung
valve mandrel (54) out of each of its said         (90) und einer zweiten
Position, in der Flussig- 



positions; said retaining device (150) compris-  40  keit durch besagte
Umlaufoffnung (90) umlau- ing an annular spring member mounted on the
fen kann; eine ringformige Kolbeneinrichtung radially inner surface of said
housing (32); said  (70, 108), aufgenommen im besagten Gehause spring
member being held at its upper and          (32) und [err] im Verbund mit
besag- lower rims against radial inward and outward       ter Ventilspindel
(54), wobei die besagte Kol- deformation but having an annular radially de-
45  beneinrichtung eine erste Seite hat, die den formable area
therebetween; said deformable         Druck im Ringraum (112) des besagten
Bohr- area comprising engagement means on its ra-         lochs ausgesetzt
ist sowie eine zweite Seite, dially inner surface, said deformable area be-
die dem  Druck im  besagten Bohrgestange ing biased towards said valve
mandrel (54) to       ausgesetzt ist, die besagte Kolbeneinrichtung engage
said engagement means with said  50          bewegt die besagte
Ventilspindel (54) in Rich- valve mandrel (54) at each of two axially
tung einer der besagten Kolben, wenn der spaced positions.
Druck an der besagten ersten Seite hoher geht als der Druck an der besagten
zweiten Seite 2. A circulation valve according to  claim  1,        und
bewegt die besagte Spindel in Richtung wherein said mandrel includes a pair
of axially  55  der anderen der besagten Positionen, wenn spaced
circumferential grooves (116,118,120)        der Druck an der besagten
zweiten Seite ho- formed on the radially outer surface thereof for    her
geht, als der Druck an der besagten ersten respectively receiving said
engagement means        Seite; gekennzeichnet dadurch, [err] ein wider- 12
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standsfahiges Haltegerat (150) zwischen Ge-         un train de tiges (10),
ladite soupape compre- hause (32) und Ventilspindel (54) zum Anset-
nant un logement cylindrique (32), traverse par zen einer Haltekraft wirkt,
die ein axiales Ver-    un passage longitudinal ouvert (50), et un orifi-
drangen der Ventilspindel (54) aus den besag-       ce de circulation (90)
dispose a travers une ten Positionen verhindert; das besagte Halte-   5
paroi; un mandrin de soupape (54) rentre en gerat (150) besteht aus einem
ringformigen          coulissant dans ce logement et peut etre de-
Federteil, das auf der radialen Innenflache des     place dans un sens
axial entre une premiere besagten Gehauses (32) montiert ist; dieses
position, qui ferme cet orifice de circulation besagte Federteil wird an
seinen oberen und        (90), et une deuxieme position dans laquelle le
unteren Randern gegen die radialen inneren   10    fluide peut circuler
dans l'orifice de circulation und auBeren Verformungen gehalten, dazwi-
(90); et un piston annulaire (70, 108), rentrant schen bildet sich ein
ringformiger, radial ver-     dans le logement (32) et etant
operationnelle- formbarer Bereich; dieser besagte verformbare       ment
relie au mandrin de soupape (54), ce Bereich, an seiner radialen
Innenflache aus         piston ayant un premier cote soumis a la pres-
einer Eingriffseinrichtung bestehend und in  15     sion dans I'espace
annulaire (112) du puits de Richtung der besagten Ventilspindel (54) zum
forage et un deuxieme cote soumis a la pres- Eingriff der besagten
Eingriffseinrichtung in die   sion dans le train de tiges, ce piston
deplacant besagte Ventilspindel (54) an beiden, axial im     le mandrin de
soupape (54) vers une des Abstand befindlichen, Positionen gespannt.
positions susmentionnees lorsque la pression 20      sur le premier cote
depasse la pression sur le 2. Ein Umlaufventil laut Patentanspruch 1, wobei
deuxieme cote, ou vers une de ces autres die besagte Spindel zwei im
axialen Abstand        positions lorsque la pression sur le deuxieme um den
Umfang laufende Rillen (116, 118,            cote depasse celle sur le
premier cote; carac- 120) aufweist, die auf ihrer radialen AuBenfla-
terise par un dispositif de retenue resilient che zur jeweiligen Aufnahme
der besagten Ein-  25  (150) dont I'action est exercee entre le loge-
griffseinrichtung des besagten Federteils bei       ment (32) et le mandrin
de soupape (54) pour jedem Vorbeilauf der besagten Rillen am be-
appliquer une force de retenue afin d'empe- sagten Federteil gebildet sind.
cher le deplacement axial du mandrin de sou- pape (54) hors de chacune de
ces positions; 3. Ein Umlaufventil laut Patentanspruchen 1 oder  30   ce
dispositif de retenue (150) comprend un 2, wobei die besagte
Eingriffseinrichtung einen    ressort annulaire monte sur la surface
interne groBtenteils ringformigen Kranz (158, 160, 162)     radiale du
logement (32), le ressort etant main- auf der radialen Innenflache des
besagten Fe-       tenu sur ses rebords superieur et inferieur derteils zum
Eingriff in die besagten Spindelril-   contre toute deformation vers
I'interieur ou len bildet.                                35       vers
I'exterieur mais ayant une surface annulai- re deformable sur un plan
radial entre les 



4. Ein Umlaufventil laut Patentanspruchen 1, 2         deux; cette surface
deformable se composant oder 3, wobei das besagte Federteil eine
d'un dispositif d'emmanchement sur sa surface Mehrzahl verlangerter Finger
(152, 154, 156)        interieure radiale et etant inclinee vers le man- um
den Umfang der besagten Spindel auf-  40         drin de soupape (54) pour
engager le dispositif weist.
d'engagement avec le mandrin de soupape (54) sur chacune des deux positions
espacees 5. Ein Umlaufventil laut Patentanspruchen 1, 2, 3      sur un plan
axial. oder 4, wobei das besagte Federteil durch obere (144) und untere
(190) Ansatze auf der  45  2. Une soupape de circulation conforme a la re-
radialen lnnenflache des besagten Gehauses          vendication 1 dans
laquelle le mandrin corn- an einer senkrechten Bewegung im Verhiltnis
prend une paire de cannelures circonferentiel- zum besagten  Gehause
gehindert wird.               les espacees sur le plan axial (116, 118,
120) forme sur sa surface exterieure radiale pour 6. Ein Umlaufventil laut
Patentanspruch 5, wobei  50   recevoir respectivement le dispositif
d'engage- einer (144) der besagten Gehauseansatze auf         ment de ce
ressort chaque fois qu'une des der radialen Innenflache eines frei
drehbaren       cannelures passe par le ressort. Rings (138) gebildet ist.
3. Une soupape de circulation conforme aux re- Revendications
55       vendications 1 ou 2 dans laquelle le dispositif d'engagement est
un collier fortement annulai- 1. Une soupape de circulation (30) adaptee
pour        re (158, 160, 162) forme sur la surface interieu- etre
suspendue dans un puits de forage (3) sur      re radiale du ressort pour
l'engagement de ces 13    *   C  L  M  S  * 25                 EP 0 301 734
B1                    26 cannelures de mandrin. 4. Une soupape de
circulation conforme aux re- vendications 1,2 ou 3 dans laquelle le ressort
comprend un certain nombre de doigts allon-   5 ges (152, 154, 156)
repartis sur la circonferen- ce de ce mandrin. 5. Une soupape de
circulation conforme aux re- vendications 1, 2, 3 ou 4 dans laquelle le  10
deplacement du ressort relativement au loge- ment est empeche par des
epaulements supe- rieurs (144) et inferieurs (190) formes sur la surface
interieure radiale de ce logement. 15 6. Une soupape de circulation
conforme a la re- vendication 5 dans laquelle un des epaule- ments (144) de
logement est forme sur la surface interieure radiale d'un anneau circulai-
re a rotation libre (138).                 20 25 30 35 40 45 50 55 14    


