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2,751,017
RETRIEVABLE WELL PACKER

Reuber C. Baker, Cealinga, and Martin B. Conrad,
Downey, Calif., assignors to Baker Oil Tools, Inc., Los
Angeles, Calif.,, a corporation of California

Application September 8, 1953, Serial No. 378,704
13 Claims. (ClL 166—216)

The present invention relates to subsurface well tools,
and more particularly to tools capable of performing
testing, pressuring, swabbing, ' producing, cementing,
washing, acidizing and similar operations in well bores.

This application is a continuation-in-part of our appli-
cation for “Retrievable Well Packer,” Serial No. 243,982,
filed August 28, 1951, now Patent No. 2,681,113.

In the above-identified patent application, a retrievable
well packer is shown and described which is capable of
being anchored in packed-off condition in a well casing
against movement in upward and downward directions.
Downward movement is prevented by a lower set of cas-

ing engaging slips slidably contacting outer expander seg-

ments which, in turn, engage an inner expander mounted
on the body of the packer. Pressure in the casing above
the packer is transferred to the expander segments, and
from them to the lower slips, the latter being anchored

against the wall of the well casing. The expander seg-°

ments impose a wedging action on the inmer expander,
pinching it and transferring it in a downward direction.
Such downward transferring movement has later pre-
vented release of the lower slips from the casing by

merely lowering the body of the packer, which action:

also effects release of the upper slips that engage the
casing to prevent upward movement of the packer. In-
stead, it is first necessary to equalize the pressure in the
casing, both above and below the packer, and then take
an upward pull on the body of the tool to relocate the
inner expander and the outer expander segments in their
approximate initial position with respect to each other
and the lower slips, which they occupied prior to the
pinching and transferring movement of the inner ex-
pander by the segments. Thereafter, the body of the
packer is lowered to effect withdrawal of both the lower
and upper slips from the well casing to their initial re-
tracted positions, allowing the well packer to be moved
longitudinally in the well casing, as in an upward direc-
tion, for withdrawal to the top of the well bore.

Accordingly, it is an object of the present invention to
avoid the necessity of taking a pull-up strain on the body
of the tool prior to lowering of the tool body, for the
purpose of releasing the tool from the well casing in
which it has been anchored.

Another object of the invention is to provide a well
tool of the character indicated in which the downward
shifting or transferring of the inner expander by the
ouier expander segments cannot occur.

A further object of the invention is to provide a well’

packer of the character indicated which is anchored
against movement in both longitudinal directions by tak-
ing an upward strain on the body of the packer, and
which will remain in such anchored position despite the
relieving of such upward strain on the body of the packer.

This invention possesses many other advantages, and
has other objects which may be made more clearly ap-
parent from a consideration of a form in which it may
be embodied. This form is shown in the drawings ac-

companying and forming part of the present specifica-
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tion. It will now be described in detail, for the purpose
of illustrating the general principles of the invention; but
it is to be understood that such detailed description is
not to be taken in-a limiting sense, since the scope of the
invention is best defined by the appended claims.

Referring to the drawings:

Figures 1 and 1a together constitute a longitudinal sec-
tion through a well tool, with its parts disposed in re-
tracted position for running the tool in a well casing, or
similar -well conduit, Fig. la comstituting a lower con-
tinuation of Fig. 1;

Fig. 2 is a fragmentary enlarged longitudinal section
of the lower expander segments and inner expander part
of the tool;

Fig. 3 is a cross-section taken along the line 3—3 on
Fig. 1a; -

Tigs. 4 and 4a together constitute a longitudinal sec-
tion through the well tool, with certain of its parts ex-
panded against the well casing;

Fig. 5 is a fragmentary enlarged sectional view of the
lower portion of the tool shown in Fig. 4a;

Fig. 6 is a fragmentary longitudinal section illustrating
the manner of adjusting the lower portion of the tool to
insure its proper operation;

- Fig. 7 is a further fragmentary enlargement disclosing
the engagement between the expander portions of the
tool shown in Fig. 6;

Fig. 8 is a longitudinal section disclosing another step
in the proper adjustment of the lower portion of the tool;

Fig. 9 is an enlarged fragmentary section disclosing the
cooperative engagement between portions of the expander
and expander segments shown in Fig. 8.

As disclosed in the drawings, a well packer A is lowered
in a well casing B by means of a tubular string (not
shown) of drill pipe or tubing to a point in the casing
at which the packer is to be set in packed-off condition.
The packer is of the retrievable type, in that it can be
anchored to the well casing and released therefrom at
the will of the operator. It is also capable of resisting
longitudinal movement in both directions within the well
casing, despite the presence of comparatively high pres-
sure differentials that might tend to pump or force the
tool up the casing or down the casing.

The well packer A includes a tubular member 10 that
may extend substantially the entire length of the appa-
ratus. This tubular member includes a tubular upper
body or mandrel 10a which is intended to be threadedly
secured to the lower end of the tubular string (not
shown). The upper body or mandrel 18a is also at-
tached to a lower body or mandrel member 105 by means
of a body coupling collar 10¢ whose upper portion is
threaded to the lower portion of the upper body member
18a and whose lower portion is threaded onto the upper
end of the lower body member 1¢b. The upper body
member 10q has an external left-hand thread 12 engaging
a companion internal thread 13 in the coupling collar
16c. The upper mandrel portion 10a is normally com-
pletely threaded into the collar 18c, with its lower end
engaging an inturned flange 14 on the collar.

Surrounding the lower body member 185 is an arrange-
ment for anchoring the well tool A to the casing B
against downward movement therein, the anchoring
means being releasable and retractable when desired.
Such anchoring means includes a guide 15 threaded on
the lower end of the lower body member 1056 and hav-
ing an internal groove 16 therein in which a lower out-
wardly directed flange 17 of a spring-like member, in
the form of a rubber sleeve 18, is positioned, to couple
the lower end of the rubber sleeve to the guide. The
elastic rubber sleeve 18 constitutes a tie member sur-
rounding the lower body 10b, and with its upper end
also having an external flange 19 overlapping an inwardly
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directed flange 20 of a lower two-piece connector ring
21 having a flange 22 received within a groove 23 of a
lower slip ring 24 surrounding the body 18s. The two-
piece connector ring 21 is held in place by an encompass-
ing sleeve 25 secured to the ring by one or more screws
26.

The lower slip ring 24 couples a set of lower slips 27
together for longitudinal movement in unison. It is
provided with circumferentially spaced, longitudinally
extending grooves 28 in which the lower end of links 29
are positioned, each link having a pin 39 extending
transversely from the sides thereof for disposition within
a peripheral groove 31 in the slip ring 24. The lon-
gitudinal slots 28 extend on both sides of the groove 31,
the portion of each link 29 below the groove 31 being
engageable with the sleeve 25, which prevents its removal
from appropriate assembled position on the slip ring 24.
The pins 38 are engageable with the upper and lower
faces of the peripheral groove 31 to prevent substantial
longitudinal movement between the links 29 and the
slip ring 24. Each link, however, can rock on the slip
ring 24 by virtue of the rolling engagement of its pin 30
against either side of the peripheral groove 31.

The lower set of links 29 extends upwardly from the
slip ring 24 for connection to the lower portion of the
set of lower slips 27 by means of pins 32. Each lower
slip has downwardly facing wickers or teeth 33 for em-
bedding in the wall of the well casing B, and it is also
provided with an inner surface 34 inclined upwardly in
a direction away from the axis of the body 10 for co-
operation with a companion surface 35 on an outer ex-
pander segment 3§. There is one outer expander seg-
ment 36 for each lower slip 27, and these segments to-
gether constitute an outer expander for wedging the slips
27 against the well casing B. FEach segment 36 is slida-
bly connected to its companion slip 27 by side tongues
38 on each slip engageable in grooves 39 in each seg-
ment, so that relative longitudinal movement between
the segments 36 and slips 27 effects radial movement of
the slips 27 to or from the wall of the well casing B.

The outer segmental expanders 36 are also movable
radially upon being shifted relatively longitudinally of
an inner expander 40 encompassing the lower body mem-
ber 10b. The inner expander 4¢ is circumferentially
continuous and is slidable to a limited longitudinal ex-
tent with respect to the body member 10b. The inper
expander has longitudinally spaced tapered surfaces 41
that converge in an upward direction, being engageable
with: companion tapered inner surfaces 42 on the seg-
ments 36 of the outer expander.

The upper end of the inner surfaces 42 on each seg-
ment 36 merge into longitudinally directed surfaces 43
that are preferably parallel to the axis of the body 10
of the well packer A. These surfaces are engageable, as
described hereinbelow, with companion longitudinally
extending surfaces 44 provided at the lower portions of
the inner expander tapered surfaces 41. These latter
surfaces 44 are also preferably parallel to the axis of the
well packer. Thus, the longitudinal surfaces 43 on the
outer expander segments 36 are provided between the
inner tapered surfaces 42 and transverse shoulders 45 on
the segments extending outwardly from the surfaces 43;
whereas the companion longitudinal surfaces 44 on the
inner expander 4§ are formed between the tapered ex-
pander surfaces 41 and lower or downwardly directed
transverse shoulders 46 on the expander extending in-
wardly from the surfaces 44.

Upon moving the inner expander 4@ upwardly with-
in the outer expander segments 36, the latter are urged
in a radial outward direction. The limit of such radial
outward movement is determined by the engagement of
the longitudinal surfaces 44 on the inner expander with
the longitudinal surfaces 43 on the outer expander seg-
ments 36. Thereafter, relative longitudinal movement
between the parts will have no effect in moving the outer
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segments 36 in a radial outward direction to a further
extent. Conversely, movement of the inner expander
49 in a downward direction will at first cause the lon-
gitudinal surfaces 44, 43 to ride off each other, and
then will forcibly shift the outer expander segments 36
radially inward by virtue of a tongue and groove con-
nection between each segment 36 and inner expander 4@.
As specifically disclosed in the drawings, this connec-
tion is constituted by a screw 47 threaded into the inner
portion of each outer expander segment 36 substantially
at right angles to an inmer surface 42 of the expander
segment. This screw 47 extends through a longitudinal
slot 48 in the inner expander 48, which merges into side
grooves 49 formed in the inner expander 49 on opposite
sides of the slot 48 and extending parallel to the expander
surface 41 on the inner expander. The enlarged head
50 of the screw 47 slidably fits within such grooves 49,
thereby forming a tongue and groove or dovetailed con-
nection between each outer expander segment 36 and
the inner expander 48. Accordingly, it is evident that
relative downward movement of the inner expander 49
will shift the outer expander segments 36 radially inward
until the inner expander shoulders 46 engage the outer
expander shoulders 45. As disclosed in the drawings,
these companion shoulders 45, 46 are preferably inclined
inwardly and slightly upwardly to cause the inner ex-
pander 49 to positively hold the outer expander 36 in fully
retracted position, to preclude inadvertent outward move-
ment of the outer segments 36.

It will be noted that the uppermost tapered surface
42 on each outer expander segment 36 engages a com-
panion tapered surface 41 on the inner expander 40
above the slot 48 provided in the latter, and that there
is actually a clearance or space 51 between the upper
innermost tapered surface 42 and the portion of the ex-
pander 48 containing the slots, so that each expander
segment 36 can move downwardly relative to the inner
expander 40 when the longitudinal surfaces 43, 44 en-
gage without interference from the upper tapered por-
tion 41 of the inner expander. Moreover, the inner ex-
pander 49 is provided with relieved portions 52 which
will avoid interference with the heads 50 of the screws
47 during longitudinal downward movement of the outer
segments 36 with respect to the inner expander 40 after
the longitudinal surfaces 43, 44 coengage.

The outer expander segments 36 are movable longitudi-
nally in unison by connecting them te a coupling device
that allows the outer expander segments 36 to move
radially. The coupling device includes a tie link 53 of
generally dumbbell shape radially slidably connected to
each segment 36 and also to a valve housing 54. Fur-
ther details of the coupling arrangement will be found
in our application Serial No. 243,982 above referred to.
The tie links 83 are prevented from shifting radially out
of their coupling relation to the outer expander segments
36 and valve housing 54 by a sleeve 55 that encom-
passes the socket portion of the valve housing 54, tie
links 53 and the head portions 36a of the outer segments
36. 'This sleeve 55 is prevented from dropping down-
wardly by engaging upper shoulders 56 on the expander
segments 36, and it is also prevented from moving up-
wardly by engaging a screw 57 threaded into the valve
housing 54.

The tie link coupling arrangement allows the outer
expander segments 36 to move radially inward and out-
ward, the expander segments sliding on the lower bell
portions of the tie links 53, whereas the tie links and
valve housing 54 couple all of the segments 36 for lon-
gitudinal movement tcgether, and hold such segments
in their appropriate longitudinal relationship.

The valve housing 54 extends upwardly from the tie
links 53 and has a plurality of radial ports 58 therein
through which fluid can pass between the interior and ex-
terior of the housing. The housing has an internal cir-
cumferential valve seat 59 therein that contains a rubber
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-or fubber-like seal ring 60, which may be of round cross-

section,-and which is engageable- with a cylindrical valve
head 61 secured to the lower body member 105, The
cylindrical valve head 61 has a lower portion threaded
onto a coupling nut 62 formed in two pieces so that it
can be moved laterally into engagement with external
threads 63 on the lower body member. Inadvertent ro-
tation of the valve head 61 on the nut 62 is prevented
by a suitable set screw 64 threaded through the lower
portion of the head 61 and engaging the segmental nut.
Leakage between the lower body member 1) and the
cylindrical valve head 61 is prevented by a thread seal 65

in the valve head engaging the periphery of the lower

body member 105b.

When the lower body member 185 is moved upwardly,
it carries the cylindrical valve head 61 upwardly with it,
to dispose it within the cylindrical seat 59 in the valve
housing 54 and in sealing engagement with the rubber
seal ring 66. Such relative upward movement of the cy-
lindrical valve head within the housing is limited by en-
gagement of a tapered shoulder or stop member 66 on
the valve head with a companion shoulder or stop 7 on
the valve housing 34 below its seal ring 69.

The upper portion of the valve housing 54 is threaded
onto the lower end of a circulation sleeve 68 which is
spaced from the lower body member 10b to form an an-
nular circulating by-pass passage 69 therewith, which can
be opened or closed, depending upon the position of the
cylindrical valve head 61 relative to its seat 59. The up-
per end of the circulation sleeve 68 has an external flange
70 thereon, to which one or more keys 71 are secured for
slidable movement in internal longitudinal keyways 72
formed in an upper member 73 threadedly secured to
and depending from an upper expander 74 surrounding
the packer body 18. The lower portion of the member
73 is threaded into an upper abutment 75 that has an
inwardly directed flange 76 engaged by the circulation
sleeve flange or shoulder 76.

The circulation sleeve 68 is encompassed by a packing
element 77 in the form of a rubber sleeve whose upper
end engages the upper abutment 75 and whose lower end
engages the upper end of the valve housing 54, which, in
effect, constitutes a lower packing abutment, and also a
ring 78 threaded on the upper portion of the valve hous-
ing 54, which also functions as part of the lower abut-
ment.

The circulation sleeve 68 is movable upwardly with
respect to the upper abutment 75 and expander member
73, to move the abutments 54, 78 and 75 toward each
other, thereby foreshortening the packing sleeve 77 and
expanding it outwardly against the well casing B, in the
manner described hereinafier. :

The annular passage 69 between the circulation sleeve
68 and body 1¢ continues in an upward direction between
the bedy and the member 73 depending from the upper
expander 74, this passage communicating with the exte-
rior of the upper member 73 through cne or more side
ports 79 through the latter.

The upper expander member 74 forms part of the
mechanism for anchoring the well packer A to the well
casing B against upward movement therein. This ex-
pander is provided with one or more longitudinal internal
keyways 88 in which keys 81 are slidable that are secured
to the collar body member 10c, so that the body 18 may
be moved upwardly within the expander 74. The ex-
pander has a plurality of circumferentially spaced ta-
pered surfaces 82 inclined in an upward and inward di-
rection for cooperation with companion internal surfaces
83 of upper slips 84 having external wickers 85 thereon
facing in an upward direction for embedding in the wall
of the well casing B, to anchor the tool A thereto against
upward movement. While the companion tapered sur-
faces 82, 83 insure radial outward movement of the stips
84 upon longitudinal upward movement of the expander

74 within the latter, radial inward movement of the slips
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84 to retracted position is obtained by providing side
tongues 85’ on each slip slidable in companion grooves
86 in the expander 74, in order that longitudinal sepa-
rating movement between the expander and slips insures
the retraction of the latter from the well casing.

The slips 84 are maintained in transverse alignment
with respect to one another, and are removable relatively
longitudinally in unisen, by connecting them through pins
87 to the lower ends of links 88 whose upper ends extend
into the longitudinal grooves 89 formed in an upper slip
ring %8 encompassing the body 18. The link arrange-
ment 88 is substantially the same as described above in
connection with the lower set of slips 27, the upper por-
tion of each link 88 having a pin 91 extending trans-
versely from either side for disposition in a peripheral
groove 92 in the slip ring, the pins 91 being engageable
with the upper and lower sides of this groove 92 to pre-
vent substantial longitudinal' movement of the links 88
relative to the slip ring 96. The portions of the links 88
above the pins 21 are engageable with a stop ring 93 en-
compassing the slip ring 99 and secured thereto by one
or more screws 94, to preclude outward movement of the
upper ends of the links. )

The slip ring 99 is secured to a lock device, which de-
termines the ability to set the tool in the well casing,
by means of a swivel connection. Thus, the upper end
of the slip ring 90 has an external flange 95 that rests
upon a shoulder 96 of a seciional tie ring 97, the upper
end of the tie ring having a shoulder 98 resting upon an
external flange 99 on the Iower portion of a ratchet sleeve
ring 190 encompassing the body 18. The sections of
the tie ring 97 are prevented from moving radially out-
ward by an encompassing sleeve 181 secured to the tie
ring by one or more screws 162. Because of the swivel
connection 95—192, the slips 84 may be rotated in the
casing B without rotating the ratchet sleeves ring 194.

The ratchet sleeve ring 180 is threaded, or otherwise
secured, to a ratchet sleeve and lower drag collar 183,
to which the lower ends of outwardly bowed drag springs
104 are secured by an encompassing ring 165 attached to
the lower drag collar by one or more screws 186. The
outwardly bowed springs 164 frictionally engage the wall
of the well casing B, their upper ends being secured to
an upper collar 187 by an encompassing ring 168 secured
to the upper collar by screws 189. The drag springs 104
tend to resist rotation of the ratchet sleeve 183, and they
also tend to resist longitudinal movement of the upper set
of slips 84. If the upper tapered expander 74 can be
moved upwardly relative to the upper slips 84, the latter
will be shifted outwardly into engagement with the well
casing B. The ability to so move the expander 84 up-
wardly, and, for that matter, to shift all of the other
parts relatively in an upward direction, is governed by a
lock device acting between the ratchet sleeve 183 and the
upper mandrel or bedy member 18a.

The exterior of the upper body member or mandrel
10q is provided with a plurality of circular ratchet teeth
110 facing in an upward direction, which are engageable
with companion internal ratchet teeth 111 formed collec-
tively in a split ratchet or clutch ring 112. The ring 112
has an externally tapered surface 113 inclined in an up-
ward and inward direction engaging a companion tapered
surface 114 in the ratchet sleeve 193. Any tendency for
the body member 1@g to move upwardly causes the
ratchet ring 112 to be wedged between the body member
and the ratchet sleeve 183, locking the latter two members
together and precluding setting of the upper slips 84.
However, the lock ring 112 can be expanded out of en-
gagement with the teeth 116 on the mandrel 184 to allow
the latter to move upwardly within the ratchet sleeve to
set the tool in the well bore, as explained in our above-
identified patent application and in United States Patent
No. 2,368,401. For purposes of the present application,
it is sufficient to state that the turning of the body 10 of
the tool to the right will effect-an outward expansion of
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the ratchet ring 112 out of engagement with the teeth 118
of the mandrel 18a, and will allow the body 10 of the
tool to be moved upwardly within the ratchet sleeve 103
for the purpose of effecting setting of the parts against the
well casing B.

Initially, the lower end of the inner expander 49 is dis-
posed above a step nut 115 threaded on the lower body
member 18> and held in position by a set screw 116
bearing against the lower body member. An adjusting
sleeve 117 is threaded on the step nut 115, being secured
in adjusted position by a set screw 118 bearing against the
stop nut. A space 119 between the stop nut 115 and the
lower end of the inner expander member 40 is allowed,
so that the Iower set of slips 27 will first be moved up
along the outer expander segments 36 and radially out-
ward to a certain extent before the nut 115 engages the
inner expander 48. This latter part is then moved up-
wardly upon upper movement of the lower body member
10b to expand the outer expander segments 36é and there-

by shift the lower slips 27 radially outward to a further 2

extent. Such outward shifting is limited by engagement
of the stop shoulder 66 on the valve head 61 with the
companion shoulder 67 on the valve housing 54. When
this occurs, the lower slips 27 engage the wall of the
housing in a relatively light manner.
ment, a downward force imposed on the expander seg-
ments 3§ will cause them to shift along the tapered sur-
faces 41 of the inner expander 48, and then provide for
the coengagement between the longitudinal surfaces 44,

43 on the inner and outer expanders 48, 36 to wedge the 3

lower slips 27 firmly into the wall of the well casing B,
locking the tool against downward movement therewithin.

The well apparatus is assembled with the parts occu-
pying the relative position disclosed in Figs. 1 and 1a, the

lower slips 27 and outer expander segments 36 being in 3

retracted position, the circulation valve 59, 61 open and
the upper slips 84 in retracted position. Such retracted
position is limited by engagement of the upper heads 120
of rods 121, which are threaded into the upper expander

74, with the lower flanges 122 of tubes 123 threaded into

and depending from the upper slip ring 90. The rods 121
and tubes 123 form telescopic connections which do not
interfere with radial movement of the upper slips 84 to
and from engagement with the casing B. When the slips
84 are fully retracted, the tubes 123 and rods 122 support
the upper expander 74, preventing it and the parts de-
pending therefrom from dropping downwardly to a fur-
ther extent with respect to the packer body 18.

When the point in the well casing is reached at which
the tool is to be anchored in packed-off condition, the tu-
bular string (not shown) to which the tool is attached is
rotated a partial revolution to the right to expand the
ratchet lock ring 112 out of engagement from the mandrel
19, allowing the latter and its lower body portion 185 to

move upwardly. None of the other parts can at first !

move upwardly, since there is no connection between
them and the mandrel except for the valve head 61, stop
nut 115 and adjusting sleeve 117, and the lower set of
slips 27 that are connected to the lower end of the body
1§ through the lower slip ring 24, connecting member 21,
rubber tie sleeve 18 and guide 15. The initial upward
movement of the mandrel 10 thus causes the guide 15, tie
sleeve 18, segmental connector ring 21, slip ring 24 and
links 29 to shift the lower slips 27 upwardly along their
companicn outer expander segments 36 to a certain ex-
tent, and partially toward the wall of the casing B, until
the stop nut 115 engages the lower end of the inner ex-
pander 4§. At this time, the valve head 61 that is con-
nected to the lower body member 10/ has been moved
upwardly until its cylindrical periphery engages the valve
seal ring 60, thus closing the by-pass circulation passage
62 around the rubber packing sleeve 77.

A continuation of the upward movement of the body
10 then shifts the inner expander member 49 upwardly
with it within the outer expander segments 36, causing the

After such engage- ¢
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latter to shift outwardly toward the casing B, and further
carrying the lower slips 27 laterally toward the casing.
At the same time, the slips 27 are also being moved t6 a
further extent upwardly along the outer expander surface
segments 36, the combined result being the engagement of
the slips with the wall of the well casing. Actually, the
slips 27 may engage the wall of the well casing B, and the
body member 106 moved upwardly to a slight further
extent until the valve head shoulder 66 engages the valve
housing shoulder 67, such continued movement of the
body being permitted, despite engagement of the slips 27
with the well casing B, by a bulging or compressing of the
tie rubber sleeve 18. However, before the valve head
shoulder 66 engages the valve housing shoulder 67, the
tapered surfaces 41 of the inner expander 49 and the outer
expander surfaces 42 ride off one another and their longi-
tudinal surfaces 44, 43 coengage, these surfaces being in
full engagement when the head and housing shoulders
66, 67 contact one another (Fig. 4a).

Following engagement of the valve shoulders 66, 67, a
continuation of the upward movement of the packer body
19 shifts the valve housing 54, inner expander 40, outer
expander segments 36 and slips 27 upwardly with the
body as a unit, the slips 27 sliding along the wall of the
well casing B. The drag springs 104 are resisting up-
ward movement of the upper segmental slips 84, so that
such upward movement of the body 20 causes the valve
housing 54 to move upwardly, shifting the circulation
sleeve €8, rubber packing sleeve 77, expander member
73 and expander 74 upwardly with it, the upper tapered
expander being moved up within the slips 84, urging the
latter radially outward into anchoring engagement with
the wall of the well casing B. When such anchoring en-
gagement occurs, the upper expander member 73 and
upper abutment 75 are precluded from movement up-
wardly to any further extent. Accordingly, a continua-
tion of the upward movement of the packer body 10 then
moves the valve housing and lower abutment 54, together
with the circulation sleeve 68, upwardly toward the upper
abutment 75, foreshortening the packing sleeve 77 and
expanding it radially outward into firm sealing engage-
ment with the wall of the well casing B, all of the parts
now occupying the position illustrated in Figs. 4 and 4a.

Fluid under pressure can now be pumped down the
tubular string (not shown) and through the packer body
19, the fluid under pressure acting on the underside of
the packing sleeve 77 and tending to embed the upper
expander 74 more firmly into the upper slips 84, there-
by preventing displacement of the well packer A in an
upward direction within the well casing B. In the event
that a differential pressure is now imposed on the fluid
or liquid in the annulus between the tubular string con-
nected to the upper end of the body 10 and the well cas-
ing B, the lower slips 27 come into play to preclude
downward movement of the well packer. Such differen-
tial pressure may be obtained, for example, by actually
applying pressure by a pump (not shown) at the top of
the well bore, or by swabbing the interior of the tubular
string. The pressure in the annulus acts downwardly
over the area of the expanded packing sleeve 77, exerting
its downward force through the valve housing 54 onto
the outer expander segments 36. Since the inner ex-
pander 4§ is bearing upon the stop nut 115 secured to
the body 10, it cannot move downwardly with respect
to the expander. Moreover, such downward movement
of the outer expander segments 36 does not tend to shift
the inner expander 48 downwardly, in view of the co-
engagement between the longitudinal surfaces 43, 44.
The net result is that the expander segments 36 will mere-
ly slide longitudinally down along the inner expander
member 40 and will wedge the lower slips 27 more firm-
ly into the wall of the well casing B.

When it is desired to release the tool from the well
casing and return its parts to retracted positions, the pres-
sure in the annulus above the tool may be relieved and
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the tubing string and the packer body 10 moved in a
downward direction. During such downward move-
ment, the lower end of the valve head 61 engages the
upper end of the inner expander 40, moving the latter
in a downward direction until the longitudinal surfaces
43, 44 come out of contact and the tapered surfaces 41,
42 are again in a position to coengage. Continued
downward movement then causes the screws 47 fitting in
the grooves 49 in the inner expander 49 to pull the outer
expander segments 36 in an inward direction. When
such inward movement or retraction occurs, the slips 27
are also retracted ‘and the rubber tie sleeve 18, which
has been placed in tension as a result of moving the body
10 in a downward direction, is then effective to pull the
slips 27 downwardly to their fully retracted position.

Further downward movement of the body then carries
the inner and outer expanders 40, 36 with them, in view
of the fact that the shoulders 45, 46 will coengage and,
through the tie links 53, exert a downward pull on the
valve housing 54, shifting it away from the upper abut-
ment 75 and allowing the packing sleeve 77 to retract to
its initial position. When the upper shoulder 70 on the
circulation sleeve 68 engages the upper abutment 75,
further downward movement of the body shifts the upper
expander 74 downwardly, causing the upper slips 84 to
be moved inwardly to retracted position.

The tool may now be elevated in the well bore, since
the lock ring 212 will wedge between the body 1€ and the
ratchet sleeve 103, to preclude relative upward move-
ment between the parts. The load of the parts below the
upper slips 84 is carried by the upper slip ring $0 through
the tubes 123 and the rods 121. During upward move-
ment of the tool in the well casing, fluid can by-pass
around the retracted packing sleeve 77 through the open
passages 58, 69, 79. It can also, of course, flow relative-
1y down along the exterior of the retracted packing sleeve
77. The tool may be removed entirely from the well
bore or shifted to some other position therewithin where
it is to be anchored in packed-off condition.

In our prior filed application, Serial No. 243,982, the
longitudinal coengaging surfaces. 43, 44 on the outer ex-
pander segments 36 and inner expander 40 were not pro-
vided. Instead, the tapered surfaces 41, 42 were always
in engagement. As a result, when a pressure differential
was present in the casing fluid above the well packer A,
such fluid would act downwardly through the packing
sleeve 77 and be imposed on the segments 36, urging
them in a downward direction. This downward move-
ment would produce a transferring action on the inner
expander 40, moving it downwardly with the body until
the shoulders 45, 46 engaged. Because of such coen-
gagement of the shoulders, the lower slips 27 could not
be released as a result of merely lowering the packer body
10, inasmuch as the lowering action produced a down-
ward movement of both the inner expander 40 and outer
expander segments 36, which functioned as a unit. As
a result of such downward movement, the tendency
would be to wedge the lower slips 27 more firmly into
engagement with the wall of the casing. Accordingly,
it was necessary to first exert a substantial upward pull
or strain on the body 10 to retransfer the inner expander
40 with respect to the outer segments-36 to a position in
which the shoulders 45, 46 no longer engaged and were
spaced a substantial distance from each other. There-
after, the body 19 could be lowered to lower the inner
expander 40, which would then retract the outer expander
segments 36 and, in so doing, would retract the lower
slips 27, causing the rubber tie sleeve 18 to pull them
inwardly to their retracted position.

In the specific apparatus disclosed in the drawings, the
transferring force of the outer expander segments 36
upon the inner expander 40 as a result of high pressures
acting in the casing above the tool cannot take place.
The high pressure can do nothing more than urge the
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outer expander segments 36 in a downward direction, f¢
wedge them more firmly into the slips 27. However,
such wedging action has no cffect in urging the inner ex-
pander 40 in a downward direction with the body 10,
since the longitudinal surfaces 43, 44 are substantially
parallel to the axis of the tool, and any wedging force is
transmitted between the outer expander segments 36 and
the inner expander 40 in a direction normal to the axis
of the tool, leaving no component of force acting in a
downward direction and urging the expander in that
downward direction, which would cause the inner ex-
pander shoulders 46 to be shifted downwardly into en-
gagement with the outer expander segment shoulders 45,
as in the prior device. Accordingly, since there is a sub-
stantial longitudinal distance between these shoulders
when the lower slips 27 are to be retracted, it is only
necessary to relieve the pressure differential in the well
casing above the tool and then merely move the body 10
downwardly, which will cause the circulation valve 59,
61 to open and the valve member 61 to engage the upper
end of the inner expander 40, moving the latter down-
wardly of the outer expander segments 36 until the longi-
tudinal surfaces 43, 44 come out of engagement, where-
upon the dovetailed connection elements 49, 50 can move
the outer expander segments 36 inwardly, as permitted
by the tapered expander surfaces 41, 42, which will effect
a retraction of the slips 27 from the well casing. A con-
tinuation of the downward movement will then retract
the upper slips 84, as explained above.

Ia order for the lower portion of the apparatus to op-
erate properly and prevent the downward transferring of
the inner expander 40 by the outer expander segments:
36, the parts must be properly adjusted with respect to
each other. Figs. 6 to 9, inclusive, indicate how such
adjustment can be made.

The first adjustment is disclosed in Figs. 6 and 7. Be-~
fore the first adjustment is made, the entire tool is as-
sembled completely, with the exception of the lowermost
portion. The lower slips 27 are disposed in their retracted
position upon the outer expander segments 36 and the
body 105 of the tool is moved upwardly until the valve
head shoulder 66 engages the valve housing shoulder 67.
The inner expander member 40 is then moved upwardly
until its longitudinal surfaces 44 engage the longitudinal
surfaces 43 on the expander segments 36 to their fullest
extent. As a matter of fact, the upper ends 44a of the
expander surfaces 44 may be adjusted slightly above the
upper ends 43a of the segment surfaces, as, for example,,
they may be placed about 142 of an inch above the latter
(Fig. 7). With the inner expander 48 in this position, the:
stop nut 115 is then threaded upwardly on the lower body
section 18b until its upper end engages the lower end of’
the inner expander 48, whereupon the set screw 116 is:
tightened against the body 18 to hold the stop nut 115 in
this adjusted position.

The second adjustment is illustrated in Figs. 8 and 9,
and consists in moving the body 18 downwardly until the
valve head 61 engages the upper end of the inner ex-
pander 48, to shift the latter downwardly along the outer
expander segments 36 until the longitudinal surfaces 43,
44 are on the verge of coming out of engagement with each:
other and the tapered surfaces 41, 42 are in position to
coengage, which will allow the outer segments 36 to be
retracted inwardly of the inner expander 48. The lower
slips 27 are then moved upwardly along the outer seg-
ments 36, which will shift them radially outward until
they engage a gauging sleeve 158 that will have been
placed over the slips. This gauging sleeve will have an
inside diameter corresponding to the inside diameter of
the casing B in the well bore in which the well tool is to be
run.  One mode of moving the slips 27 upwardly is to
provide an adjusting ring 151 between the lower guide 15
and the lower slip ring 24, the lower guide being threaded
upwardly on the body 18, this upward movement being
transferred through the adjusting ring 151 to the slip ring
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24; which-will be moved:upwardly along the body. 19 to.
shift the slips 27 up along the outer expander segments 36,
through the agency of: the links 28 and cutwardly into.
engagement with the gauging sleeve 150. When such
engagement: occurs, the adjusting sleeve 117 can be
threaded on the adjusting nut 135 until it is spaced up-
wardly above the slip ring 24 by a substantial.amount, 2s,
for example, %g of an.inch. Thereafter, the set screw.
138 can be tightened against the stop nut 115; to held:
the slesve 117 in this adjusted position.

The guide 15 is then:unscrewed from ihe tod 1G4, and
the-adjusted sleeve 15%: removed, whereupon the remain-
ing portions of the well packer A can then: be assembled:
in proper position on its lower portion: That: is,. the
connector member 21 and connector sleeve 25. may be:
mounted . on. the lower slip ring 24 and the tie rubber
sieeve 18 secured tc:the guide 15 and: member 21,

The final adjustment is then made by screwisg the guide
15 up on the body, with the valve head 61 engaging the
valve housing 54, until the lower slips 27 firmly contact
the gauging sleeve 158. The set screw 15« threaded into
the guide 15 is then tightened against the bedy 18b.

VWith the foregoing adjustment, it is evident that the:
longitudinal surfaces 43, 44. will. be fully engaged. when
the valve head 61 cngages the valve housing 54. Assur-
ance is also had that the slips 27 will contact the wali of
the well casing when such-engagement occurs, any down-
ward movement of the outer expander segments 3¢ rela-
tive to the inner expander 4@ causing the slips 27 to-
wedge more firmly into the casing.  Similarly, when the
tool is to be released, the body 1§ is moved downwardly
to open the valve 59, 61 and to.shift the inner expander
49 downwardly with respect to the segments 36. The ad-
justing. sleeve 117 will not engage the lower slip ring 24
until after the longitudinal surfaces 43, 44 are on the
point of disengaging from each other, the tapered surfaces
41, 42 being about to come into cooperative position. By
providing the space (say 34¢’") between the lower adjust-
ing sleeve 117 and the upper end of the lower slip ring 24,
when the inner expander 40 and expander segments 38
occupy this position, assurance is had that further down-
ward movement cf the body 18 will occur to effect a
retraction of the segments 36 before the lower adjusting
sleeve 117 engages the upper end of the lower slip ring 24,
which engagement will then produce a downward move-
ment of the lower slips 27 along the outer expander seg-
ments 36 and their retraction. Ordinarily, the rubber
sleeve 18 will have already pulled sufficiently on the slips
27 to produce such retraction, so that the adjusting sleeve
117 doss not engage the lower slip ring 24 at all. But if
the slips 27, for some reason, remain out against the watl
of the well casing B, then the adjusting sleeve 117 will
engage the lower slip ring 24 and forcibly effect retrac-
tion of the slips 27.

The inventors claim:

1. In apparatus of the character described: a body; an
inner expander on said body; a segmental outer expander
slidable on said inner expander and initially cccupying a
retracted position on said inner expander; slips engageable
with said outer expander to be expanded laterally out-
ward; said inner and outer expanders having coengaging
surfaces tapering in cne longitudinal direction toward the
axis of said body; said inner and outer expanders also hav-
ing coengaging surfaces facing outwardly and inwardly,
respectively, and disposed substantially parallel to the axis
of said body which engage each other to hold said outer
expander laterally outward; said outer expander and slips
having coengaging surfaces tapering in the opposite longi-
tudinal direction toward the axis of the body; means on
said body for moving said inner expander longitudinally
of said outer expander to shift said outer expander later-
ally outward and enable said surfaces substantially parallel
to the axis of said body to coengage to hold said outer
expander laterally outward; and means on said body for
moving said slips longitudinally of said. outer expander
and laterally outward.
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2. In.apparatus.of:the-character described: a body; an
inner; expander -on.said ‘body; a.segmental outer expander.
slidable on-said: inner. expander and initially occupying a.
retracted position on:said-inner expander; slips engageable

. with said outer expander to be expanded: laterally. out-

ward;:said:inner: and outer expanders having coengaging
surfaces. tapering:in.one longitudinal direction toward the
axis. of ' said body; said inner and.outer expanders also
having- coengaging. surfaces facing outwardly aand in-
wardly, respectively, and.disposed substantially parallel to-
the axis of said bedy:which engage each other to hold
said- outer expander: laterally. outward; said ocuter ex-
pander- and- slips: having coengaging surfaces tapering in.
the  opposite- longitudinal direction toward. the axis. of
the body; and means-on-said:body for moving said inner.
expander. longitudinally. of, said. outer expander to shift
said outer. expander, laterally. cutward and- enable. said:
surfaces substantially. parallel to the axis of said body. to
coengage to hold said:outer-expander laterally outward.

3. In apparatus.of the character described: a body; an
inner expander on.said body; a segmental outer expander
slidable on said. inner: expander and initially occupying a
retracted position.on said inner expander; slips engage-
able with, said: outer expander to be expanded laterally
outward; said.inner. and. outer. expanders having coengag-
ing surfaces tapering in-one. longitudinal direction toward
the axis of said body; said inner and ocuter expanders also
having coengaging- surfaces: facing outwardly and in-
wardly, respectively, and. disposed substantially parallel

- to.the axis of said body which engage each other to hold.

said outer expander laterally outward; said outer ex-
pander and slips. having coengaging surfaces tapering in
the opposite. longitudinal direction toward the axis of the
body; and means. for moving said inner expander, outer
expander and slips. longitudinally with respect to each
other to shift said slips laterally outward and to shift said
outer expander laterally outward to a position in which
said surfaces substantially. parallel to the axis of said body
coengage to hold said outer expander laterally outward.

4. In apparatus of the character described: a body;
ar inner expander on.said body; a segmental outer ex-
pander slidable on said inner expander and initially oc-
cupying a retracted position on said inner expander;
slips cooperable with said outer, expander to be expanded
laterally outward; said inner and outer expanders having
coengaging surfaces tapering in one longitudinal direc-
tion toward the axis of said body, said inner and outer
expanders also having coengaging surfaces facing out-
wardly and' inwardly, respectively, and disposed sub-
stantially parallel to the axis of said body which engage
each other to hold said outer expander, laterally out-
ward; and means for moving said inner expander, outer
expander and slips longitudinally with respect to each
other to shift said slips laterally outward and to shift said
outer expander- laterally outward to a position in which
said surfaces substantially- parallel to the axis of said
bodg coengage to hold said outer expander laterally out-
ward.

5: In- apparatus of the character- described; a body;
an inner expander on said body; a segmental outer ex-
pander slidable- on said immer expander; slips engage-
able. with said outer expander to be expanded laterally
outward; said inner- and outer expanders having: coen-
gaging tapered' surfaces: converging in an upward direc-
tion, said. inper expander having surfaces substantially
parallel to the axis of said bedy at the lower end of said
inner expander tapered surfaces and said outer expander
having surfaces at the upper ends of said outer-expander:
tapered: surfaces substantially parallel to the axis of said
body; said outer expander' and: slips having coengaging
surfaces converging in. a: downward' direction; and means
for effecting upward; movement: of said inner expander
and slips with: respect. to said outer expander to shift
said slips laterally. outward and. to. shift said: outer ex-
pander. laterally outward. to.a- position, in. which said sur-
faces on said inner expander and outer expander which
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are substantially parallel to the axis of said body co-
engage.

6. In apparatus of the character described: a body;
an inner expander on said body; a segmental outer ex-
pander slidable on said inner expander and initially oc-
cupying a retracted position om said inner expander; slips
engageable with said outer expander to be expanded lat-
erally outward; said inner and outer expanders having
coengaging surfaces tapering in one longitudinal direc-
tionr toward the axis of said body; said inner and outer
expanders also having coengaging surfaces facing out-
wardly and inwardly, respectively, and disposed substan-
tially parallel to the axis of said body which engage each
other to hold said outer expander laterally outward;
said outer expander and slips having coengaging surfaces
tapering i the opposite longitudinal direction toward the
axis of the body; means on said body for moving said
inner expander longitudinally of said outer expander to
shift said outer expander laterally cutward and enable
said surfaces substantially parallel to the axis of said
body to cecengage to hold said outer expander laterally
outward; and coengageable stop means operatively con-
nected to said body and outer expander for limiting
longitudinal movement of said inner expander within said
outer expander to an extent insuring substantially full
engagement between said surfaces substantially parallel
to the axis of said body.

7. In apparatus of the character described: a body;
an inner expander on said body; a segmental outer ex-
pander slidable on said inner expander and initially oc-
cupying a retracted position on said inner expander; slips
engageable with said cuter expander to be expanded lat-
erally outward; said inner and outer expanders having
coengaging surfaces tapering in one longitudinal direc-
tion toward the axis of said body; said inner and outer
expanders also having coengaging surfaces facing out-
wardly and inwardly, respectively, and disposed substan-
tially parallel to the axis of said body which engage each
other to hold said outer expander laterally outward; said
outer expander and slips having coengaging surfaces ta-
pering in the opposite longitudinal direction toward the
axis of the body; means on said body for moving said
inner expander longitudinally of said outer expander to
shift said outer expander laterally outward and enable
said surfaces substantially parallel to the axis of said
body to coengage to hold said outer expander laterally
outward; and means on said body for moving said inner
expander longitudinally of said outer expander in the
opposite direction to bring said substantially parallel sur-
faces out of engagement and emable said outer expander
to shift laterally inward.

8. In apparatus of the character described: a body;
an inner expander on said body; a segmental outer ex-
pander slidable on said inner expander and initially oc-
cupying a retracted positionr on said inner expander; slips
engageable with said outer expander to be expanded lat-
erally outward; said inner and outer expanders having
coengaging surfaces tapering in one longitudinal direc-
tion toward the axis of said body; said inner and outer
expanders also having coengaging surfaces facing out-
wardly and inwardly, respectively, and disposed substan-
tially parallel to the axis of said body which engage each
other to hold said outer expander laterally cutward;
said outer expander and slips having coengaging surfaces
tapering in the opposite longitudinal direction toward
the axis of the body; means on said body for moving
said inner expander longitudinally of said outer expander
to shift said outer expander laterally outward and enable
said surfaces substantially parallel to the axis of said
body to coengage to hold said outer expander laterally
outward; coengageable stop means operatively connected
to said body and cuter expander for limiting longitudinal
movement of said inner expander within said outer ex-
pander to an extent insuring substantially full engage-
ment between said surfaces substantially parallel to the
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axis of said body; and means on said body for moving
said immer expander longitudinally of said outer expander
in the opposite direction to bring said substantially par-
allel surfaces out of engagement and enable said outer
expander to shift laterally inward.

9. In apparatus of the character described: a body; an
inner expander on said body; a segmental outer expander
slidable on said inmer expander and initially occupying
a retracted position on said inner expander; slips engage-
able with said outer expander to be expanded laterally
outward; said inner and outer expanders having coen-
gaging surfaces tapering in one longitudinal direction to-
ward the axis of said body, said inner and outer expanders
also having coengaging surfaces facing outwardly and
inwardly, respectively, and disposed substantially parallel
to the axis of said body which engage each other to hold
said outer expander laterally outward; said outer ex-
pander and slips having coengaging surfaces tapering in
the opposite longitudinal direction toward the axis of the
body; first means on said body for moving said inner
expander longitudinally of said outer expander to shift
said outer expander laterally outward and enable said
substantially parallel surfaces to coengage to hold said
outer expander laterally outward; second means on said
body connected to- said slips for effecting longitudinal
movement of said slips in unison; third means on said
body engageable with said second means to shift said
slips to retracted position; and fourth means on said body
for moving said inner expander longitudinally of said
outer expander in the opposite longitudinal direction to
bring said substantially parallel surfaces out of engage-
ment prior to engagement of said third means with said
second means.

10. In apparatus of the character described: a body;
an inner expander om said body; a segmental outer ex-
pander slidable on said inner expander and initially oc-
cupying a retracted position on said inner expander; slips
engageable with said outer expander to be expanded lat-
erally outward; said inner and outer expanders having co-
engaging upwardly converging surfaces; said inner and
outer expanders also having coengaging surfaces facing
outwardly and inwardly, respectively, and disposed sub-
stantially parallel to the axis of said body which engage
each other to hold said outer expander laterally outward;
said outer expander and slips having coengaging down-
wardly converging surfaces; first means on said body for
moving said inner expander upwardly of said outer ex-
pander to shift said outer expander laterally outward and
enable said substantially parallel surfaces to coengage
to hold said outer expander laterally outward; second
means on said body connected to said slips for effecting
longitudinal movement of said slips in vnison; third means
or said body engageable with said second means to shift
said slips downwardly of said outer expander to retracted
position; and fourth means on said body for moving said
inner expander downwardly of said outer expander to
bring said substantially parallel surfaces out of engage-
ment prior to engagement of said second means with said
third means.

11. In apparatus of the character described: a body;
an inner expander on said body; a segmental outer ex-
pander slidable on said inner expander and initially oc-
cupying a retracted position on said inner expander; slips
engageable with said outer expander to be expanded lat-
erally outward; said inner and outer expanders having
coengaging upwardly converging surfaces; said inner and
outer expanders also having coengaging surfaces facing
outwardly and inwardly, respectively, and disposed sub-
stantially parallel to the axis of said body which engage
each other to hold said outer expander laterally outward;
said outer expander and slips having coengaging down-
wardly converging surfaces; means om said body for mov-
ing said inner expander upwardly of said outer expander
to shift said outer expander laterally outward and en-
able said surfaces substantially parallel to the axis of said
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body to coengage to hold said outer expander laterally
outward; and means on said body for moving said imner
expander downwardly of said outer expander to bring
said substantially parallel surfaces out of engagement and
enable said outer expander to shift laterally inward.
12. In apparatus of the character described: a body;
an inner expander on sald body; a segmental outer ex-
pander slidable on said inner expander and initially oc-
cupying a retracted position on said inner expander;
slips engageable with said outer expander to be expanded
laterally outward; said inner and outer expanders having
coengaging upwardly converging surfaces; said inner and
outer expanders also having coengaging surfaces facing
outwardly and inwardly, respectively, and disposed sub-
stantially parallel to the axis of said body which engage
each other to hold said outer expander laterally outward;
said cuter expander and slips having coengaging down-
wardly converging surfaces; first means on said body for
moving said inner expander upwardly of said cuter ex-
pander to shift said outer expander laterally outward
and enable said substantially parallel surfaces tc coen-
gage to hold said outer expander laterally cutward; sec-
ond means on said bedy connected to said slips for effect-
ing longitudinal movement of said slips in unison; third
means on said body engageable with said second means to
shift said slips downwardly of said outer expander to re-
tracted position; fourth means on said body for moving
said inner expander downwardly of said outer expander
to bring said substantially parallel surfaces out of en-
gagement prior to engagement of said second means with
said third means; and means on said body engageable
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with said second means for moving said slips upwardly
of said outer expander and laterally outward.

13. In apparatus of the character described: a body;
an inner expander on said body; a segmental outer ex-
pander slidable om said inner expander; slips engageable
with said outer expander tc be expanded laterally out-
ward; said inner and outer expanders having coengaging
tapered surfaces converging in one longitudinal direction,
said immer expander having surfaces substantially paral-
lel to the axis of said body at the outer end of said inner
expander tapered surfaces and said cuter expander hav-
ing surfaces at the inner end of said outer expander ta-
pered surfaces substantially parallel to the axis of said
body; said outer expander and slips having coengaging
surfaces converging in the opposite longitudinal direc-
tion; and means for effecting movement of said inner
expander and slips in said one longitudinal direction with
respect to said outer expander to shift said slips laterally
outward and to shift said outer expander laterally out-
ward to a positionr in which said surfaces on said inner
expander and outer expander which are substantially
paralle]l to the axis of said body coengage.
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