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1. A circulation valve adapted to be suspended in a

well bore on a pipe string comprising:

a cylindricai housing having an open longitudinal
passageway therethrough and a circulation port disposed
through a wall thereof:;

_ a valve mandrel slidably received in said housing
(e ExX S \‘1 )

and/axially movable between a first position closing said

circulation port and a second position in which £luid may be

circulated through said port;

annular pisten means received in said housing and
being operatively connected to said wvalve mandrel, said

piston means$ having a first side subject to préssure in the

annulis of said well bore and a second side subject to
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preéssure in a pipé string, sai¢ piston means moving said
valve mandrel toward one of said positions when the pressure
on said first side exceeds the pressure on said second side
and moving said mandrel toward the other of said positions
when the pressure on said second side exceeds the pressuré
on said first side:
andcel ceralaing

lmeans for retaining said valve mandrel in one of
said positions each time said valve mandrel is in said one
position; and

means for releasing said valve mandrel from said
one position responsive to an increase in such a pressure

differential above a predetermined value.
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[ APPARATUS FOR RETAINING
AXIAL MANDREL MOVEMENT RELATIVE
TO A CYLINDRICAL HOUSING

Thé present invention relates generally to downhole
tools of the type that include a mandrel which is axially
slidable responsive to annulus or drill string pressure and
more particularly, but not by way of limitation, to such
tools in which the mandrel is retained at a predetermined
position. The prior art includes a number of downhole tools
in which a mandrel is received for axial sliding in a
cylindrical housing. Some such tools may be operéted by

pressurizing the pipe string from which the tools is
'n-lo. 10

coes suspended and/or by pressurizing the annulus between the
e tel tool and the well bore. Such pressurization causes axial

shifting of the mandrel thereby operating the tool.

*s*«+" " One such prior art tool as above-described is disclosed in
Tetelt U.S. Patent No. 4,657,802 for a circulation valve and method
i 5.\'. 15 for operating the same having the same inventor and assignee
’! of the instant application. As described in the patent, the
"é .« circdlatioq valve includes a mandrel which is axially
% ::;!; shifted in a cylindrical housing in one direction by
,I pressurizing the pipe string to a pressure greater ‘than that
‘g 20 in the annulus and in the other direction by pressurizing
;k the annulus to a pressure greater than that in the pipe
H

string. This prior art circulation valve includes a series
of j-slots which guide the mandrel during axial shifting in
order to open or close a circulation valve only after so
alternating pregsure in the pipe string and annulus a prede-

termined number of times.
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Such prior art pressure operated tools may be inadver-
tently operated. For example, in the case of the prior art
circulation valve above described, the same is normally
incorporated into a test string which includes a packer

5 beneath the circulation valve. After drill stem testing is

complete, it is normally desirable to open the circulation

valve prior to prlling the pipe string so that fluids in the
e pipe string will drain into the bore through the circulation
el valve ;ather than spilling onto the rig floor as sections of
‘eevs’ 10 pipe are disconnected. As the pipe string is pulled,
Teead? pressure in the annulus momentarily increases due to the .
swabbing action of the packer which is very closely received
in the well bore even when the same is disengaged from the
well béfe wall. 1§uch pfessUre\increases may be as great as

15 50 p.s.i. which can cause axial mandrel shifting. Thus,

s s when pulling a pipe string from the well bore which includes

]

the described prior art circulation valve and a packer
5
e therebeneath, the circulation valve may cycle to a closed
. tee o
SR position. 1If such occurs the next section of pipe which is

20 disconnected at the drilling rig platform is full of fluid.

o g ol ol B My

Another problem which has been experienced when using i

R
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pressure operated tools in & pipe string relates to‘preésure
surges in the pump which is used to pressurize fluid in the !
pipe string or in the annulus. For example, during drill }
25 stem testing, the fluid in the pipe string is typically of a
much lighter weight than the heavy fluids in the annulus.’

When it is necessary to pressurize the pipe string in order
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to cycle the pressure-cperated circulation valve, or to
operate another pressure-operated tool which may be in the
pipe string, it may be necessary to apply pressures as high
as 2000 p.s.i. or higher at the surface in order to equalize

5 the pressure in the pipe string and the annulus at the level
of the tool. Pumps which are used for this purpose often '
have surges su?ficient to cycle the tool when operating at
such pressures. Thus, the pressure-operated tool may be

et inadvertently cycled by such surges when attempting to

10 operate the tool or when attempting to operate a different

Yeens’ pressure-operated tool in the pipe string. There exist

ot prior art devices such as shear pins and constant drag

mechanisms for retaining mandrels in a cylindrical housing.

Of course with respect to shear pins, after the pin is
*+*es" 15 sheared responsive to a pressure build up or responsive to
52 application of mechanical force, the mandrel may no longer
be retained until the tool is again pulled to the surface
. and the shear pin replaced. i
e ; A constant drag mechanism, such as drag blocks, prevent
-20 mandrel movement until the pressure is’inqreased above a
predetermined value; however, the pressure must be main-
tained above that value in order to continue mandrel move-
ment. In the case of the prior art circulation valve
above~described, such a mechanism would not permit the cir-
25 culation valve to fully open because once the circulation
port is partially opened, the pressure differential causes

flow therethrough rather than mandrel movement. The momen-
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tum of the moving mandrel is thus necessary to move the
valve to its fully opened condition. A constant drag mecha-
nism, such as drag blocks, would not permit the mandrel to
assume its fully opened condition.

5 The present invention provides an apparatus for
retaining axial mandrel movement relative to a cylindrical
housing in a pressure-operated downhole tool until the
pressure is increased above a predetermined value. After

LRL mandrel movement begins responsive to such an increase,

,*''*, 10 mandrel movement is maintained by application of a relati-

vely low pressure. The downhole tool of the present inven-

tion comprises a cylindrical housing having an open
longitudinal passageway therethrough. A mandrel is slidably

" te” received in-the housing and is axially moveable between a-

*e*«.® 15 first position and a second position. Means for moving the

o mandrel between its first and second positions is provided.
The moving means is responsive to a pressure differential
between the interior of the pipe string and the annulus of

the well bore. Means for retaining the mandrel in one of

20 the positions until a pressure differential exceeds a prede-.

termined value is also provided. The retaining means is
constructed and arranged to so retain the mandrel each time

the mandrel moves to said one position.

Numerous objects, features and advantages of the

25 sent invention will be readily appare those skilled in

the art upon readin e following disclosure when taken

R x,}
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In accordance with the present invention, therefore, there is prgvided
a circulation valve adapted to be suspended in a well bore on a pipe string
comprising:

a cylindrical housing having an open longitudinal passageway
therethrough and a circulation port disposed tin'ough a wall thereof;

a valve mandrel slidably received in said housing and reversibly axially
movable between a first position closing said circulztion port and a second
position in which fluid may be circulated through said port;

annular piston means received in said housing and being operatively
connected to said valve mandrel, said piston means having a first side subject to
pressure in the annulus of said well bore and a second side subject to pressure in
a pipe string, said piston means moving said valve mandrel toward one of said
positions when the pressure on said first side exceeds the pressure on said second
side and moving said mandrel toward the other of said positions when the
pressure on said second side exceeds the pressure on said first side;

mandrel retaining means for retaining said valve mandrel in one of said
positions each time said valve mandrel is in said one position; and

means for releasing said valve mandrel from said one position
responsive to an increase in such a pressure 25 differential above a predetermined
value.

In order that the invention may be more clearly understood and put

3

into practical effect there shall now be described in detail a preferred embodiment
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of a circulation valve adapted to be suspended in a well bore on a pipe string.
The ensuing description is given by way of non-limitative example only and is
with reference to the accompanying drawings, wherein:

Figure 1 is a schematic elevation view of a typical well testing
apparatus using the instant embodiment of the invention, and Figure 2A-2F are
elevational quarter-section views showing a downhole tool incorporating the
instant embodiment of the invention;

Figure 3 is a view taken along line 3-3 in Figure 2E;

Figure 4 is a view taken along line 4-4 in Figure 2E;

Figure 5 is a laid-out view of a portion of the indexing sleeve of Figure
2E showing the appearance of the sleeve as if it had been cut along its length at
one side and then rolled out flat into a rectangular shape; The line 2E-2E indicates
the location of the section through the sleeve which is seen in Figure 2E;

Figure 6 is a elevational quarter-section view of that portion of the tool
shown in Figure 2D with the section of Figure 6 being shifted 26° clockwise (as
viewed from the top of the ;ool) from the section of Figure 2D;

Figure 7 is a view taken along line 7-7 in Figure 6 and showing the
relative positions of the sections showr; in Figures 2D and 6;

Figure 8 is a view taken along line 8-8 in Figure 6;

Figure 9 is a view taken along line'9-9 in Figure 6;

Figure 10 is a cross-sectional view of the spring member shown in

Figures 2D and 6;

aé
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L. Figure 11 is a view taken along line 11-11 in Figure 10, and Figure 12

is a view taken along line 12-12 in Figure 10.
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DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENT OF THE INVENTION

During the coutse of drilling an o0il well, the borehole
is filled with a fluid known as drilling fluid or drilling
mud. One of the purposes of this drilling fluid is to con-~-
tain in intersectioned formations any fluid which may be
found there. To contain these formation fluids the drilling
mud is weighted with various additives so that the hydrosta-
tic pressure of the mud at the formation depth is sufficient
to maintain the formation fluid within the formation without

allowing it to escape into the borehole. When it is desired

to test the production capabilities of the formation, a

testing string is lowered into the borehole to the formation
depﬁh,and.the formation £luid is allowed to flow into the
string in a controlled testing program. Lower pressure is
maintained in the interior of the testing string as it is
lowered into the borehole. This is‘usually done by keeping
a valvé in the closed position near the lower end of the
testing string.- When the testipg depth is reached, a packer
is set to seal the borehole:&hus closingﬁin the formation
froﬁ the hydrostatic pressure of the drilling fluid in the
Qell annulus. Aﬁum;&wahb the string may be stabbed into a
previously set production packer.

The valve at the lower end of the testing string is
then opened and the formation fluid, free from the

restraining pressure of the drilling fluid, can flow into

3
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the interior of the testing string.

The testing program includes periods of formation flow
and periods when the formation is closed in. Pressure
recordings are taken throughout the program for later analy-

5 sis to determine the production capability of the formation.
If desired, a samﬁle of the formation fluid may be caught in
a suitable sample chamber. At the @nd of the testing
program, a circulation valve in the test string is opened,
Tt formation fluid in the testing string is circulated out, the
10 packer is released, and the testing string is withdrawn. )
Yeens! Over the years various methods have been developed to
¢ e open the tester valves located at the formation depth as
described. These methods include string rotation, string
Tetes’ reciprocation, and annulus pressure changes. Particularly
+es” 15 advantageous tester valves are those shown in U.S. Patent
.-, Nos. 3,856,085 to Holden, et al., 4,422,506 and 4,429,748 to
Beck, and 4,444,268 and 4,448,254 to Barrington. These
s valves operate responsive to pressure changes in the annulus
e < and provide a full opening flow passage through the tester
20 valve apparatus.
The annulus pressure operated method of opening and
closing the tester valve is particularly advantageous in

offshore locations where it is desirable to the maximum

!
!
t
i .

extent possible, for safety and environmental protection
25 reasons, to keep the blowout preventors closed during the
major portion of the testing procedure.

A typical arrangemcnt for conducting a drill stem test
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offshore is shown in Fig. 1. Such an arrangement would
include a floating work station 1 stationed over a submerged

work site 2. The well comprises a well bore 3 typically

.lined with a casing string 4 extending from the work site 2

to a submerged formation 5. The casing string 4 includes a
plurality of perforations at its lower end which provide
communication between the formation 5 and the interior of
the well bore 6. .
At the submerged well site is located a well head

installation 7 which includes plowout preventor mechanisms.
A marine conductor 8 extends from the well head installation
to the floating work station 1. The floating work station
includes a work deck 9 which supports a derrick 12. The
derrick 12 supports a hoisting means 11. A well head clo-
sure 13 is provided at the upper end of marine conductor 8.

The well head closure 13 allows for lowering into the marine

conductor and into the well bore 3 a formation testing

~string 10 which is raised and lowered in the well by

hoisting means 11.

A supply conduit 14 is provided which extends from a
hydraulic pump 15 on. the deck 9 of the floating station 1 to
the well head installation 7 at a point below the blowout
preventors to allow the pressurizing of the well annulus 16
surrounding the test string 10. |

The testing string includes an upper circuit string 1
portion 17 extending from the work station 1 to the well

head installation 7. A hydraulically operated conduit
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string test tree 18 is located at the end of the upper con-
duit string 17 and is landed in the well head installation 7
to thus support the lower portion of the formation testing
string. The lower portion of the formation testing string
extends from the test tree 18 to the formation 5. A packer
mechanism 27 isolates the formation 5 from fluids in the
well annulus 16. A perforated tail piece 28 is'provided at
the lower end of the testing string 10 to allow fluid com-
munication between the formation 5 and the interior of the
tubular formation testing string 10.

The lower portion of the formation testing string 10
further includes intermediate conduit portion 19 and torque
transmitting_pressure and volume balanced.slip joint means
20. An intermediate conduit portion 21 is. provided for
imparting,packer setting weighé to the packer mechanism 27
at the'lower end of the string.

It is many times desirable to place near the lower end
of thg testing string a conventional circulating valve 22
which may be opened by rotating or reciprocation of the
testing string or a combination of both or by the dropping
of a weighted bar in the interior of the testing string 10.°
This circulation valve is provided as a back-up means to
provide for fluid communication in the event that the cir-
culation valve of the present apparatus should fail to open
properly. Also near the lower end of the formation testing
string 10 is located a tester valve 25 which is preferably a

tester valve of the annulus pressure operated type such as

TGRS
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those disclosed in U.S. Patent Nos. 3,856,085; 4,422,506;

4,429,748; 4,444,268; and 4,448,254. Immediately above the

tester valve is located a tool 30 which incorporates the ;

apparatus of the present invention.
5 A pressure recording device 26 is located below the |

tester valve 25. The pressure recording device 26 is pre- f

X ferably one of which provides a full opening passageway
LA through the center of the pressur: recorder to provide a
AR full opening passageway through the entire lergth of the

¢« 2.+ 10 formation testing string.

-

Ao VGE b ML A e,

It may be desirable to add additional formation testing

-:-x- apparatus in the testing string 10. For instance, where it
':f:° is feared that the testing string 10 may become stuck in the
Tve, borehole 3 it is desirable to add a jar mechanism between -

15 the pressure recorder 26 and the packer assembly 27. The
jér mechanism is used to impart blows to the testing string
to assist in jarring a testing string loose from the bore- X
hole in the event that the testing string should become
stuck. Additionally, it may be desirable to add a safety

20 joint between the jar and the packer mechanism 27. Such a
safety joint would allow for the testing string 10 to be
disconnected from the packer assembly 27‘in‘the event that
the jarring mechanism was unable to free a stuck formation -
testing string.

25 The location of the pressure recording device may e

varied as desired. For instance, the pressure recorder may N

be located below the perforated tail piééeﬂzaAin a suitable j
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pressure recorder anchor shoe running case. In addition, a
second pressure recorder may be run immediately above the
tester valve 25 to provide further data to assist in eva-
luating the well.

In Figs. 2A-2F, an enlarged sectional view of tool 30

is illustrated. Tool 30 includes a cylindrical outer

“housing, generally designated by the numeral 32, having an

10

- 15

20

25

upper housing adapter 34 which includes threads 36 for
attaching tool 30 to the portion of testing string 10
located above the tool.

At the lower end of housing 32 is a lower housing
adapter 38 (in Fig. 2F) which includes an externally
threaded portion 40 for connection of tool 30 to a portion
of test string 10 located below the tool. -

Housing 32 further includes an upper housing section
42, a retaining mechanism housing section 44, intermediate
housing section 46 and a lower housing section 48. The
interior of the components making up housing 32 forms a
fluid flow passageway 50 axially through tool 30. The
various housing sections and the upper and lower adapters
are threadably connected to one another via threaded connec-
tions as shown in the drawing with ea¢h such threaded con-
nection being sealed with O-rings as shown.

Indicated geherally at 52 in Figs. 2B and C is a cir-
culation valve. A generally tubular valve mandrel 54 is
closely received within upper housing section 42 and is

sealingly engaged therewith via O-rings 56, 58, 60, 62. An

owh: 1|+
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upper valve sleeve 64 is closely received within upper
housing section 42 and is threadably engaged via threads 66
to the upper end of valve mandrel 54. An O-ring 68
sealingliy engages the radially outer surface of upper valve
sleeve 64 to the radially inner surface of upper housing
section 42. A lower valve sleeve 70, in Fig. 2C, is
threadably engaged via threads 72 to the lower end of valve
54.

mandrel O-ring pair 76 seals between the radially outer

surface of lower valve sleeve 70 and the radially inner sur-

face of upper housing section 42. Valve mandrel 54 includes

a lower check valve indicated generally at 78. Included

therein is a resilient valve portion 80, such comprising an
annular lip having a radially outer surface 82 which bears
the radially inner surface of .valve mandrel 54.
Valve portion 80 is inserted over and carried by a valve
portion cérrier 84. A seal 85 seals between the radially
outer surface of the valve portion carrier and the radially
inner surface of.valve mandrel 54. Carrier 84 supports
valve portion 80 to create an annular space 86 between the
radially oute? surface of the valve portion and the radially
inner surface of valve mandrel 54. A plurality of bores,
one of which is bore 88, is formed through valve mandrel 54
about the circumference thereof. - Upper housing section 42
includes a plurality of circulating ports disposed about ‘the
circumference thereof, one of which is circulating port 90,
to permit fluid communication between the interior and

exterior of upper housing section 42.
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Valve portion carrier 84 is received between the upper
end of lower valve sleeve 70 and a beveled shoulder 92 and
is thus restrained from axial movement relative to valve
mandrel 54.

In Fig. 2B, an upper check valve is indicated generally
at 94. Included therein is a resilient valve portion 96
having an annular lip which has a radially inner surface 98
that is sealingly engaged against the radially outer surface
of valve mandrel 54 about its circumference. Resilient
valve portion 96 is carried by a valve portion carrier 100.
A space 102 is formed between the radially inner surface of
resilient valve portion 96 and the radially outer surface of
the valve mandrel.

A plurality of bores indicated genzrally at IOéfprovidé
fluid communication between the interior of valve méndrei 54
and space 102 about the circumferénCe of the Qalve mandrel.
Vaive portion carrier 100 is received between the lower énd
of upper valve sleeve 64 and a beveled shouléer 106. formed
on the radially outer surface of valve mandrel 54 about its
circumference and is thus restrained from axial movement
relative to the valve mandrel.

A splined mandrel 108 in Figs. 2C, 2D, 2E and 2F has an

upper end threadably secured via threads 110 to the lower

end of lower valve sieeve 70. The radially outer surface of

splined mandrel 108 and the radially inner surface of upper
housing section 42 define therebétwe=n an upper annular

space 112 which is in communication with the exterior of the

]
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tool via a power port 1l4.

Referring now to Fig. 2D, indicated generally at 115 is

mandrel retaining means.

The radially outer surface of mandrel 108 includes cir-

cunferential grooves 116, 118, 120. Grooves 116, 118, 120
each include a circumferential upper cam shoulder 122, 124,
126, respectively, and a circumferential lower cam shoulder

128, 130, 132, respectively.

A cam shoulder 134 is formed about the circumference of

mandrel 108 adjacent a recessed portion 136 thereof. An O-
ring 137 seal is received in the upper portion of retaining
mechanism housing section 44 on the radially inner surface
thereof to seal against mandrel 108.

A'spring retainer 138 or annular.ring is'receiﬁed bet-

ween mandrel 108 and retaining mechanism housing section 44,

- The spring retainer includes an upper beveled portion 140

20

25

which is substantially flUSﬁly'abutted against a beveled

tion 44. An upward facing annular shoulder 142 abuts
againgt a corresponding downward facing annular shoulder
formed on the radially inner surface of housing section 44
thereby preventing upward movement of spring retainer 138
relative to housing section 44. A downward facing annular

shoulder 144 is formed on the radially inner surface of

portion formed on the radially inner surface of housing sec-

spring retainer 138. 1In the configuration of the tool shown

in Fig. 2D, spring retainer 138 defines an upper annular

space 146 between the radially inner surface of the spring
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A lower annular space 148 is

defined for all positions of the tool and is formed between

the radially inner surface of spring retainer 138 and the

radially outer surface of a spring 150, such being also

referred to herein as an annular spring member.

Portions of spring 150 are also shown in the views of

Figs. 6-8 and spring 150 is shown standing alone in Figs.

10-12.

Spring 150 includes a plurality of elongate fingers,

such as fingers 152, 154, 156, etc. distributed around the

circumference thereof.

arcuate segment or ridge,

fingers 152, 154, 156, respectively.

the segments define what is referred to herein as a substan-

tially annular collar.

like segments 158,

160

Taken together each of

Each of the fingers includes an

, 162 on

Each segment includes an upper cam

shoulder, like upper cam shoulder 164 on segment 158 and a

lower cam shoulder, like lower cam shoulder 166 on segment

158.

156 are formed by cutting slots,

piece of steel tubing 172.

Each of the elongate fingers,

like slots 168,

like fingers 152, 154,

170 in a

The fingers may thus be biased

inwardly and outwardly relative to the longitudinal axis of

tubing 172.

When biasing forces are not applied to the

‘fingers, the spring assumes the position shown in theé

drawings.

the lower end of the spring.

A pair of opposing lugs 174, 176 are formed at

Lug 176 is also viewable in

Fig. 6 with both lugs being shown in Figs. 7 and 8.

As previously described, mandrel 108 includes an upper

recessed portion 136 having a smaller outside diameter than
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that portion of the mandrel appearing directly therebeneath.
The portion appearing directly beneath recessed portion 136
includes therein a pair of opposing longitudinal slots 178,
180 (in Figs. 8 and 9) which transverse circumferential
grooves 116, 118, 120. Opposing lugs 174, 176 on spring 150
3 are received within slots 178, 180, respectively. Slot 180

includes a lower end 182 and an upper end at cam shoulder

vres 134. Slot 180 further includes a pair of opposing sides
AL 184, 186 between lower end 182 of the slot and groove 120. -
e e Side 184 is visible in Fig. 6 with the similarly situated

10 sides 187, 189, 191 of slot 180 between groove 120 and
AP groove 118, between groove 118 and groove 116, and between
e e groove 116 and shoulder 134, respectively, also being

visible in Fig. 6.

Lugs 174, 176 on spring 150 are received in slots 178,
15 180 respectively. Also received in slots 178, 180 are a
"'t pair of opposing axial lugs 193, 195 formed on the radially

inner surface of intermediate housing section 46.

An annular space 188 is defined between the radially
outer surface of spring 150 and the radially inner surface
of retaining mechanism housing section 44.

The lower end of spring 150 is abutted against an
upward facing shoulder 190 (viewable in Figure 2D) formed on
the radially inner surface of intermediate housing section
46. Spring 150 is thus restrained against longitudinal
25 movement relative to cylindrical outer housing 32, which is

defined by housing sections 42, 44, 46 in the views of Figs.
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2D and 6.

Directing attention now to Fig. 2E, an O-ring 192 defi-

nes the upper end of a lower annular space 194 which has as

its outer boundary the radially inner surface of lower

5 housing section 48. The radially inner boundary of space
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194 is defined by the outer surfacg of mandrel 108 and the
outer surfacé of a lower mandrel 196 which is threadably
secured to the lower end of splined mandrel 108 via threads
198.

Disposed at the lower end of annular space 194 is an
annular floating piston 200. Piston 200 is sealingly and
slidingly received between the radially outer surface of
lower mandrel 1926 and the radially inner surface of lower

:houéing section 48. Lower annular space 194 is filled with
0il to provide lubrication to moving parts, to be
hereinafter more fully described, contained within space
194. The lower side of floating piston 200 is in fluid com-
muﬁication with the exterior of tool 30 via a port 202
formed through the wall of lower housing section 48. The
fleatiﬁg‘piston preQents drilling mud and other contaminates
in the well bore from becomming mixed with the oil contained
in,annﬁlar space 194 above the floating piston. In Fig. 2E,
an indexing sleeve 204 is closely received over splinded
mandrel 108 and is restrained from axial movement thegealbng
by a downward facing shoulder 206 formed 6n mandrel 108 and
the upper surface of lower mandrel 196. For a better view

of the structure associated with indexing sleeve 204, atten-
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tion is directed to Fig. 5.

An outer cylindrical surface 208 on indexing sleeve 204
includes a continuous slot, such being generally indicated
at 210. Slot 210 includes a repeating zig-zag portion 212
which rotates sleeve 204 counter-clockwise, as viewed from
above, upon reciproéation of mandrel 108 relative to
cylindrical outer housing 32.

Slot 210 further includes first and second vertical
slot portins 214, 216. Each of slot portions 214, 216
includes an upper and lower leg, like upper leg 218 and
lower leg 220 in slot 214. Connecting slot portions 222,

224 connect repeatinguzig-zag portion 212 with vertical slot

-portions 214, 216. Zig-zag portinn 212 includes a first leg

226 having‘an'upper surface 228 and a lower surface 230.

"Each of the other legs in'zig-éag portion 212 includes simi-

lar upper and lower surfaces. Likewise each of vertical
slot portions 214, 216 includes upper and lower surfaces
like upper surfacg 232 and lower surface 234 in slot portion
214. A ball 236 is biased into slot portion 214 and more
particularly into the lower portion of the slot as viewed in
both Figs. 5 and 2E.

In Fig. 2E, ball 236 is mounted on the radially inner
surface of an annular shoulder 238 which is formed on the
radially inner surface of lower housing section 48. For a
more detailed description of ball 236, its associated struc-
ture, and the manner in which ball 236 interacts with

indexing sleeve 204 see U.S. Patent No. 4,355,685 to Beck
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which description is incorporated herein by reference.

An annular shoulder 240 is formed on the radially inner
surface of lower housing section 48 about its circumference.
Annular shoulder 240 includes a pair of opposed slots 242,
244 which are viewable in Fig. 4.

Anmnular shoulder 238 includes a pair of opposed slots
246, 248 with slot 246 being axially aligned with slot 242
and slot 248 being axially aligned with slot 244.

Indexing sleeve 204 includes a pair of opposed load
lugs 250, 252, such being viewable‘in Fig. 4. 1In the view
of Fig. 4, opposing lugs 250, 252 are received within slots
244, 242, respectively. Load lug 252 is viewable in Fig. 5
and is shown in dashed lines in Fig. 2E, such indicating
where load lug 252 is positioned on the rear side of index
sleeve 204, with lug 250 being half cut away in the quarter
section and half obscured by lower housing section 48.

Load lug 252 includes an upper abutment surface 254 and
a lower abutment surface 256. Abutment surfaces 254, 256
comprise the upper and lower surfaces, respectively, of the
load lug which extendS'butwardiy from surface 208 of
indexing sleeve 204.

In Fig. 2E, annular shoulder 240 includes upper and
lower abutment surfaces 258, 260, respectively.

Also in Fig. 2E, shoulder 23§ includes upper and lower
abutment surfaces 262, 264, tespectively. The upper surface
of lower mandrel 196 comprises an abutment surfaqe 266 with

surface 264 being abutted against surface 266 in the view of
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Fig. 2E.

Additional abutment surfaces are seen in Figs. 2C and
2D and include surface 268 on the lower end of lower valve
sleeve 70 and s -face 270 on the upper end of retaining

mechanisih housing section 44. As will be explained

hereinafter, the various abutment surfaces interact with one

another to limit the axial movement of valve mandrel 54 and
thereby pla¢e'the valve in a closed condition, in a con-
dition for circulation of fluids, or in a condition for
reverse circulation of fluids.

In assembling tool 30, lower housing adapter 38 is
threadably engaged to lower housing section 48 via the
threads shown in Fig. 2F. Thereéfter mandrel 108, with
indexing sleeve 204 received thereabout, is lowered into
lower hcusing séction 48. Next, intermediate housing sec--
tion 46 is fitted over mandrel 108 with opposing lugs 193,
195, béing aligned with and received in opposing slots 178,
180, respectively, on mandrel 108. Section 46 is lowered
until the lower threads thereof engage the upper threads of

lower housing section 48. Thereafter, section 46 is

rotated, such rotation also rotating mandrel 108 since lugs

193, 195 are received in slots 178, 180. When sections 46,
48 are tightly threadably engaged; the lower end of spring

150 is fitted over the upper end of mandrel 108 and is

25 slided toward its installed position as shown in Figs. 2D

and 6. Lugs 174, 176 are received in slots 178, 180,

respécﬁively. It can be seen that when the segments on the
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’

spring, like segment 158, abut against cam shoulder 134 on
mandrel 108 further downward movement of the spring is pre-
vented.

Spring retainer 138 is used as a tool to splay the
spring fingers radially outwardly in order to maintain each
of the spring segments in a radially outer position to
enable sliding the spring to its installed position. Spring
retainer 138 is fitted over mandrel 108 in a reverse posi-
tion from that shown in Figs. 6 and 2D. In other words,
bevel 140 on séring retainer 138 is directed downwardly
toward the upper tips of the spring fingers. Spring

retainer 138 is urged against the upper portion of the

spring causing each of the spring fingers, like fingers 152,

154, 156, -to be biased outwardly when the radially inner

surfaées of the upper portion of each spring finger rides
onto beveled portion 140 of spring retainer 138. Spring
retainer 138 is received within the upper portion of the
spring a sufficient amount to splay the fingers outwardly to
permit each of the spring segments, like segments 158, 160,
162, to clear cam shoulder 134 and each of the cam shoulders
in grooves 116, 118, 120. Such enables the lower end of the
spring to approach shoulder 190 in Fig. 2D.

It can be seen that lugs 174, 176 of the spring are
received in slots 178, 180 as the spring’is lowered to its
installed position. With the spring lowered to the positon
of Fig. 2D, spring;:etainer 138 is withdrawn from the spring

thereby enabling the fingers to return to an unbiased con-
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dition thus causing each of the segments, like segments 158,
160, 162 on the spring to be received within groove 120 as
shown in Fig. 2D.

Thereafter, spring retainer 138 is removed from mandrel
108, turned over and lowered over the mandrel until it assu-
mes the position ip Fig. 2D. Next, retﬁining mechanism
housing section 44 is lowered over the mandrel and is
threadably engaged with threads at the lower end thereof to
section 46 as shown in Fig. 2D.

Spring retainer 138 may rotate relative to both housing
section 44 and the spring fingers on spring 150 as the
housing section is threadably engaged with housing section

46. Lugs 193, 195 on intermediate housing section 46 are

received in mandrel 108 and thus prevent mandrel rotation as'

retaining mechanism housing section- 44  is threadably engaged
with section 46; Likewise, lugs 174, 176 on spring 150 are
received in slots 178, 180, respectively, on mandrel 108
thus preventing rotation of spring 150 as section 44 is
threadably engaged with section 46. Rotation of spring
retainer 138 as section 44 is threaded onto section 46 pre-
vents binding of the fingers again5£~hdusing section 44 as
would be the case if a downward facing shoulder were formed
on section 44 to restrain upward movement of spring 150. In
other words, if spring retainer 138 should bind against

housing section 44, the spring retainer may still rotate

"freely relative to the spring fingers. 1If on the other hand

the retainer should bind against the fingers, housing sec-
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tion 44 can rotate freely relative to the spring retainer.
The spring retainer thus serves as a tool to assist in
assembling the retaining mechanism and thereafter, when
installed, serves to prevent damage to the spring fingers
5 when housing section 44 is added.

A person having ordinary skill in the art will readily
understand how the remaining components of the tool are
assembled to place the tool in the condition shown in Figs.
2A-2F.

10 In operation, prior to suspending tool 3Q-on a pipe
string in a well bore, mandrel 108 is axiél}y recibfocated
relative to housing 32 in order to plaée ball 236 in the
lower end of leg 226 as shown in dashed lines in Fig. 5. 1In
this position ball 236 is adjacent lower surface 230, ‘When

15 ball 236 is in the lower portion of leg 226 adjacent surface

230, abutment surface 254 of load lug 252 and the¢ upper sur-.

face of the opposing load lug are abutted against abutment
surface 260 on the underside of annular shoulder 240. When
surfaces 254, 260 are so abutted, ball 236 is not abutted

20 againist surface 230 on the lower portion of leg 226 but
rather is position just adjacent thereto. .

When splined mandrel 108 is positioned with ball 236 in
leg 226 as described above, valve mandrel 54 is positioned
over circulation port 90 in Fig. 2C between O-rings 58, 60.

25 Thus, fluid communication between passageway 50 and the
_ exterior of tool 30 is prevented. Also the sﬁpstantially

annular collar formed by the segments, like segments 158,
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160, 162, on the radially inner surface of spring 150 is
received in groove 118 when splined mandrel 108 is so posi~-
tioned. As will later be described, the spring segments may
be similarly received in each of the grooves formed on
mandrel 108, and against cam shoulder 134 on mandrel 108, as
mandrel 108 axiallf gshifts within cylindrical housing 32.

With the tool configured as described above, it is
assembled into the pipe string and lowered into the well
bore as shown in Fig. 1. With this arrangement fluids may
be pumped into the pipe string on which tool 30 is suspended
for purposes of fracturing or injecting acid into the for-
mation. Also, the annulus between tool 30 and the well bore
may be pressurized in order to operate different tools in
the drill string testing arrangeﬁent.

With ball 236 in the lower portion of leg 226, when
fluid is pumped down the pipe string upon'which the tool is
suspended, passageway 50 is pressurized thus urging splined
mandrel 108 dowrnwardly. Mandrel 108 is urged downwardly
under such pressurization due to the action of an annular
piston which is.defined by an outer diameter at O-ring pair
76 in Fig. 2C and by an inner diameter at O-ring 137 in Fig.
2D. Fluid pressure in passageway 50 acts across the dif-
ference in area between O-ring pair 76 and O-ring 137 to
urge splined mandrel 108 downwardly.

It can be seen, in Fig. 2D, that such downward force on

mandrel 108 causes cam shoulder 124 to abut against cam

shoulder 164, which is now received in groove 118 in the
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same fashion that segment 158 is shown in groove }20, on
segment 158 of spring 150. In a similar fashion each of the
other upper cam shoulders on each of the spring segments
have cum shoulder 124 abutting thereagainst. When the
pressure in passageway 50, which is applied to the upper
side of the annular piston is greater than the pressure in
the annulus, which is applied to the lower surface of the
annular piston via port 114, by a predetermined value, each
of the spring fingers, like fingers 152, 154, 156, in spring
150 bow outwardly in response to the camming action of cam
shoulder 124 on mandrel 108 against each of the segment
upper cam shoulders, like cam shoulder 164. In the instant
embodiment of the invention, the required pressure differen—
tial is approximately 300 p.s.i. When cam‘shéulder 124
rides downwardly against cam shoulder 164, it can be seen
that the spring bows outwardly into annular space 188 and
the radially inner surface of each of the segments, like
segments 158, 160, 162 is réceived substanti;IIy flushly
against the radially outer surface of mandrel 108 above
groove 118.

When the segments are so received against mandrel 108,
the mandrel is freely slidable thereagainst and continues
downward travel until ball 236 is received in the upper por-
tion of leg- 226, as shown in dashed lines in Fig. 5, adja-
went surface 228. When ball 236 is so received, segment
158, as well as each of the other segments, i$ received in

groove 116 and the fingers of spring 150 are no longer
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braced outwardly.

It is to be appreciated that downward movement of
mandrel 108 is stopped when lower surface 256 on load lug
252 and the lower abutment surface on the opposing load 1lug
strike upper abutment surface 262 on shoulder 238. Such
occurs when ball 236 is in the position shown in dashed
lines adjacent upper surface 228. Such abutment prevents
ball 236 from abutting against surface 228 with a signifi-
cant amount of force.

Just as the downward movement of mandrel 108 is stopped
by impact of the abutment surfaces as described above,
segment 158, and each of the other segments, is received in
groove 116. When the tool is so configured, if the pressure
in the amnulﬁs should increase, or the pressure in passa-
geway 50 decrease, so that the pressure on the underside of
the annular piston is.greater than that on the upper side,
lower cam shoulder 128 in groove 116 will be urged against
lower cam shoulder 166 of segment 158 as well as each of the
other segment lower cam shoulders. Mandrel 108 is thus
restrained from upward movement until upward pressure suf-
ficient to bow spring 150 outwardly thereby forcing the
segments onto the radially outer surface of mandrel 108
beneath groove 116 is applied to the underside of the
piston. As previously mentioned, the instant embodiment of
the invention requires a positive pressure in the annulus
relative to passageway 50 of 300 p.s.i. to release mandrel

108. Thus, pressure surges from the pump at the surface of
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pressu- ' generated when the pipe string is pulled from the
well bore will be insufficient to inadvertantly move mandrel
108 from the position in which it is retained by spring 150.

On the other hénd, once a pressure differential suf-
ficient to bow spring 150 outwardly is applied, the radially
inner surface of each of the segments, like segment 158, in
the spring flushly abut against the radially outer surface
of mandrel 108 and permit axial mandrel movement ;elative to
the spring responsive to préssure differentials of far less
than 300 p.s.i.

After ball 236 is positioned,in the upper portion of
leg 226, it may be necessary or desirable to operate a tool
in the drill string testing arrangément by applying pressure
to the annulus between the drill string and the well bore. -
Such pressure, in addition to the hydrostatic pressure in
the annulus, is communicated to annular space 112 via port
114 in Fig. 2D and serves to urge mandrel 108 upwardly rela-
tive to housing 32. When such pressure exceeds, in the
instant emﬁodiment of the invenﬁiqn, 300 p.s.i., spring 150
bows outwardly and mandrel 108 méves-upwardly until ball 236
is received in the lower portion of the leg adjacent leg
226. Further upward piston mandrel movement is stopped by
the action of abutment surface 254 against abutment surface
260 on the underside of annular shoulder 240. When such
abutment occurs, the segments of spring 150 are again
received within groove 118 of mandrel 108 and restrain the

mandrel from upward axial movement until the upward pressure
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against the annular piston exceeds 300 p.s.i.

‘When ball 236 is received within zig-zag portion 212,
although mandrel 108 (and thus valve mandrel 54) are
reciprocated between the upper and lower portions of slot
212, circulation port 90 is always between O-ringé 58, 60
thus sealing the port from fluid communicétion between the
interior and exterior of the tool.

It can be seen that by alternately pumping down the
drill string and the annulus or pumping down and releasing
pressure in the drill string, ball 236 is successively moved
along zig-zag portion 212 until it is received in the upper
portién of the leg to the immediate right of slot portion
222. Each time ball 236.is received in an uppermost leg of
zig-zag portion 212, as shown in dashed lines ad3jacent upper
surface 228, the spring segments, like segment 158, are
réceived‘in groove 1l16. Each time ball 236 is received in a
lowermost leg of zig-zag portion 212, as shown in dashed

lines adjacent lower surface 230, segment 158 and each of

"the other segments in spring 150 are received in groove 118.

As previously describeq, a pressure differential of approxi-
mately 300 p.s.i. between passageway 50 and the annulus is
necessary before mandrel 108 may be moved ﬁetween the posi-
tion in which segment 158 and each of the other segments in
spring 150 are received in groove 116 and tlie position in
which the segments are received in groove 118.

When pressure in the pipe string is released, the nor-
mal hydrostatic pressure in the annulus will act on mandrel

'
{
3

4

™~

NN A S S Eat Lt i Y R P Y et



T1 100 A0 OO N O I N IO 300 11 o
) .

e e A R i A

-20-

108 through port 114 and urge it upwardly relative to
cylindrical housing 32. Thus, the annulus does not have to
be pressurize& to axially reciprocate mandrel 108 and move
zig-zag portion 212 relative to ball 236.

When ball 236 is received in the upper portion of the
leg to the immediate right of slot portion 222, annulus
pressdre may be applied, or drill string pressure released,
until the annulus pressure is greater (by 300 p.s.i.) than
the preésure in passageway 50 to urge mandrel 108 upwardly
thereby causing ball 236 to enter slot portion 222 and
thereafter lower leg 220 as the mandrel continues its upward
movement. Abutment surface 254 does not strike abutment
surface 260 on-the lower surface of shoulder 240 as during
pistdh mandrel reciprocation when ball 236 is received in
zig-zag portion 212. This is because load lugs 250, 252 are
received within slots 242, 244 as shown in Fig. 4 and thus
permit movement of ball 236 down lower leg 220. |

Just prior to abutment of ball 236 against lower sur-
face 234, abutment surface 264 on the lower side of shoulder
238 abuts against surface 266 on the upper side of lower
mandrel 196 thus stopping further mandrel‘m6§ement and pre-
.vénting ball 236 from absorbing a significant axial load.
As such occurs, segment 158 and each of the other spring
segments are received in groove 120 as shown in Fig. 2D.

The tool is thué in the éonfiguration shown in Figs. 2A-2F.

As mandrel 108 moves from the position -in which ball

236 is received in the upper portion of the 1eg‘£o the imme-
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diate right of slot portion 222 until the ball is received
in the lowermost portion of lower leg 220 as shown in Fig.
5, the spring segments change from a positon in which they
are received in groove 116 to a position in which they are
received in groove 120 as shown in Fig. 2D. In order to so
move, the segments moﬁentarily pass through groove 118.
Although it is necessary to achieve the 300 p.s.i. pressure
differential as previously described in order for mandrel
108 to begin upward movement, after such movement is
achieved the pressure need not be maintained, even as the
segments pass through groove 118, because of the momentum of
the mandrel. It is important that mandrel momentum be main-
tainéd as the mandrel moves to its uppermost position as
shown in thé drawings. It can be seen that as mandrel 108
moves upwardly, seals 60, 62 move above port 90. As soon as
seal 62 is above the lowermost bortion}of the port, reverse
circualation through port 90 begins. After such occurs,
greatly increasing the pressure in the annulus serves only
to increase reverse flow rather than to pressurize annular
space 112 via port 114. Thus, it is necessary that a suf-
ficient upward momentum of mandrel 108 is achieved to man-
tain mandrel movement until it assumes its uppermost
position as shown in the drawings. Since the radially inner
surface of each of the spring segments exert very little
drag against the radially outer surface of the mandrel as it
moves thereby, mandrel momentum is not impeded, and, once a
sufficient upward force is generated to initiate mandrel
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movement from the position in which the spring segments are

received in collar 116 the mandrel will easily move to its

uppermost position as shown in the drawings.

When the tool is configured as shown in Figs. 2A-2F,

valve mandrel 54 is positioned relative to port 90 as shown

in Fig.
culated
bore 88

mandrel

2Co

through port 90,

When so positioned,

(and the other circulation

(and the other bores about the perimeter of

54 adjacent bore 88),

into annular

radially inner surface of valve mandrel 54

geway 50 via a channel defined between the

surface of valve mandrel 54 and surface 82

80.

space 86
and into
radially

of valve

Thus when valve mandrel 54 is in configuration

2C,

action of resilient valve
circulated from the drill
pressure~in passageway 50

the well annulus,

surface

portion 80,

the well may be reverse circulated but, because

string into the annulus.

fluid may be reverse cir-

ports),
valve
on the
passa-
inner

portion

of Fig.

of the

the well may not be

When

is greater than the pressure in

82 sealingly engages the radially.

inner surface of the valve mandrel thus preventing flow bet-

ween passageway 50 and the annulus.

Since such flow may not occur,
place the tool in condition for circulation,

may be pressurized (by pumping down the drill string).

when it is desired to

passageway 50

With

the collar segments received in groove 120, the pressure in

passageway 50 must exceed the annulus pressure by approxima-

tely 300 p.s.i.

before downward movemént of mandrel 108 may
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be effected. When such pressure occurs, spring 150 is bowed
radially outwardly by the action of cam shoulder 126 against
cam. shoulder 164 in Fig. 2D. Thereafter, the radially
inner surface of each of the segments in spring 150 rides
against the radially outer surface of mandrel 108 between
gfooves 120, 118 until the segments are received in groove
118. During such travel of mandrel 108, very little drag is
exerted by the action of the radially inner surface of the
segments of spring 150 against the radially outer surface of
the mandrel.

As mandrel 108 is urged downwardly, ball 236 moves
upwardly in lég 220 and into leg 218 until the ball is adja-
cent surface 232. Just prior to impact of surface 232 and
ball 236, éurfaCe'268 on the lower end pf lower valve sleeve
70 abuts against surface 270 on the upper end of retaining
mechanism ﬁousing section 44 thus stopping further downward
movement of mandrel 108 and preventing ball 236 from bearing
significant forces as a result of impact with surface 232.

As the mandrel travels from its uppermost position,
shown ih'the drawings, to its lowermost position, the
segments on spring 150 are momentarily received in groove
118 and then groove 116. While it is necessary to achieve a
pressure in passageway 50 whichzis approximately 300 p.s.i.
greater than that in the well annulus in order to urge the
spring segments outwardly from groove 120 to initiate
mandrel movement, the 300 p.s.i. differential need not be

maintained in order to move the spring segments in and out
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of grooves 118, 116 because the momentum of mandrel 108
generates force which tends to urge the segments out of the
grooves by action of the groove cam shoulders against the
cam shoulders on the segments. After groove 116 in mandrel
108 passes beneath the segments of spring 150, the radially
inner surface of each of the spring segments is urged
’ jf against the radially outer surface of mandrel 108 between
groove 116 and cam shoulder 134. Just as ball 236 is
eree received adjacent surface 232 in upper leg 218, cam shoulder
166 on segment 158 and each of the other segment lower cam
10 shoulders are received against cam shoulder 134. Mandrel
« e 108 is thus restrained from further upward movement due to
lLtt the abutment of surfaces 268, 270 and is restrained from
"downward movement until the pressure‘in‘passageway‘sq
exceeds the pressure in the annulus by approximately 300
15 pP-S.i. because of the action of the lower cam shoulders of
ors each segment against cam shoulder 134 and mandrel 108. It
vose is important that mandrel momentum be maintained during :
downwa;d travel of mandrel 108 after groove 116 passes
beneath the sprinang segments. As soon as O-ring 56 (in Fig.
20 ZB)'passes beneath circulating port 90, circulation between
passageway 50 through port 20 inté the annulus begins.
Increasing pipe string pressure serves only to increase such

flow rather than to urge mandrel 108 downwardly. As in the

previously described case of mandrel movement to the reverse

¥ adipsy )

25 Girculation position, spring 150 does not act to exert
substantial drag against mandrel 108 after movement thereof
ﬁ"-’:";""""’“w:‘dt‘-‘ roe— . :«;:*,r‘*' 7 7 GRS e N \,s%f N i v o ‘;_,,‘,-.‘ %,ﬁﬂﬂ TR v
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is underway. Such permits mandrel movement into the fully
opened positive circulation position with segment shoulder
166 abuited against mandrel shoulder 134.

When mandrel 108 is in its lowermost condition, O-ring
56 of valve mandrel 54 is beneath circulating port 90 thus
permitting circulation from passageway 50 into the Qell bore
as follows. When pressure in passageway 50 increases above
that in the annulus, fluid flows through bores 104 into
annular space 102, between surface 98 and the radially outer
surface of valve mandrel 54, and through port 90 into the
annulus.

When so configured, if arinulus pressure exceeds that of
passageway 50, flow does ﬁot~occur through port 90 because
surface 98 sealingly engages the radially outer surface of
valve mandrel 54.

If it is desired to retﬁrn the tcol to its closed posi-
tion in which neither circulation nor reverse circulation
can occur, the annulus is pressurized (or pipe string
pressure is reduced) until the annulus pressure is at least
approximately 300 p.s.i. greater than pipe string pressure.
When such occurs, the lower cam shoulders of each of .the
spring segments, like lower shoulder 166 on segment 158,
ride down cam shoulder 134 on mandrel 108 thus driving
mandrel 108 upwardly and causing ball 236 to move down leg
218 and into the zig-zag portion (not shown) on surface 208
opposite zig-zag portion 212.

The tool is again in condition to permit repeated
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alternate applications of annulus and drill string pressure
or application and release of drill string pressure without
shifting the tool into condition for circulation or for

reverse circulation. Such alternating pressure changes must

produce pressure differentials between the central fluid

passage of the tool and the annulus of at least 300 p.s.i.
thereby preventing pump surges and pressure differentials
created during raising and lowering of the pipe string from
inadveréantly cycliné mandrel 108 to a different position.
It can be seen that, in the tool of the preferred embodi-
ment, five such alternate applications and releases of pipe
string pressure must occur before the tool is again placed

in condition for reverse circulation. Thereafter applica-

"tion of drill string pressure places the tool in condition

for circulation to permit, for example, the spotting of
fluids into the well bore adjacent the tool. It will be
apparent to one skilled in the art that more or fewer than
five cycles may readily be employed by changing the con-
figuration of the slot in which ball 236 is received.

1t can be seen that the tool permits alternate pumping
of fluids into the formation and operation of various tools
by pressurizing the well without placing the tool in con-
dition for circulation or reverse circulation until the
annulus and drill string have been alternately pressufized a
4 Such alternate pressuriza-

predetermined number of times.

tions, as previously noted, must have pressure differentials

of at least, in the instant embodiment of the invention, 300

I p—
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p.s.i. It will be apparent to one skilled in the art that
the tool may be designed so that pressure differentials of
less than or more than 300 p.s.i. are necessary in order to
cycle the tool to a different position.

The tool of the invention permits reversing fluids out
of the drill string and thereafter spotting fluids, for
example nitrogen, into the well bore adjacent the tool.
Thereafter, annulus pressure can be increased to actuate
other valves and/or tools in the well bore without
compressing the nitrogen in the drill string and without
inadvertantly ¢ycling the tool to a diffe.ent position.

Thus, the tool permits selectively reverse circulating
and spotting fluids down the well while at the same time
permitting application of drill string and annulus pressure
to pump fluids and actuafe other tools and permits raising
and lowering of the pipe string without unintentionally

shifting the position of the mandrel in the tool, Such

unintentional shifting of the mandrel may ultimately lead to

inadvertahtly opening or closing the circulation valve.

It is thus seen that the downhole tool of the present inven-

tion readily achieves the ends and advantages mentioned as
well as those inherent tﬁerein. Although a presently pre-
férred embodiment of the invention has been specifically
described for the purposes of this disclosure, numerous
changes in the arrangement and construction of parts can be
made by those skilled in the art which changes are encom-
passed within the spirit and scope of this invention as

.

defined by the appended claims.
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1. A circulation valve adapted to be suspended in a
well bore on a pipe string comprising:

a cylindrical housing having an open longitudinal
passageway therethrough and a circulation pert disposed
through a wall thereof;

a valve mandrel slidably received in said housing

(eness \y
and(axially movable between a first position closing said
circulation port and a second position in which fluid may be
circulated through said port;

annular piston means received in said housing and
being operatively connected to said valve mandrel, said
piston meéans having a first side subject to pressure in the
annulus of said well bore and a second side subject to
pressure in a pipe string, said piston means moving said -
valve mandrel toward one'ofrsaié positions when ghe‘pressure
on said fiyst side exceeds the pressure on said second side
and moving said mandrel toward the other of said positions
when the pressure on sai@ second side exceeds the pressure
on said fi#st side;

andez\ ceralat %
| means for retaining said valve mandrel in one of
said positions each time said valve mandrel is in said one
position; and
means for releasing said valve mandrel from said

one position responsive to an increase in such a pressure

25 differential above a predetermined value.

2. The circulation valve of claim 1, wherein said
(f‘\‘é‘néf'e\ ]
Lreﬁaining‘meana comprises an annular spring member mounted

) S " i : " g g i .
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on the radially inner surface of said housing, said spring
member being biased toward said mandrel for engaging the

same at a predetermined position along said mandrel.

3. The circulation valve of claim 2, wherein said
mandrel inc;udes a circumferential groove formed on the
radially outer surface thereof for receiving said spring
member thereinleach time said groove passes by said spring

member.

4. The circulation valve of claim 3 wherein said
spring member comprises a plurality of elongate fingers
disposed about the circumference of said mandrel, said
spring member having a substantially annular collar formed
on fhé'radially inner surface fhereof for engaging said

mandrel groove.
égzoxvyﬁne ‘2*0“,
5. The circulation valvelof claiM%}‘Wherein said

spring member is restrained against vertical movement rela-
tive to said housing by upper and lower shoulders formed on

the radially inner surface of said housing.

6. The circulation valve of claim 5, wherein one of
said housing shoulders is formed on the radially inner sur-

face of a freely rotatable annular ring.

oy Ty 5 somsberin
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7. The circulation valve of zlaim 1, substantially as

hereindescribed with reference to the accompanying drawings.

DATED This

day of July 1988

JAMES M. LAWRIE & CO
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