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8 Claims. - (C1. 166—121)

This invention relates to new and useful improvements
in well packers. .

One object of the invention is to provide an improved
well packer for sealing off the annular space between
pipe strings in a well bore, which packer is adaptable
for use either as an ordinary production packer or as a
packer such as is employed in carrying out squeeze opera-
tions within the well.

An important object of the invention is to provide an
improved well packer which is maintained in set posi-
tion by the pressure differential thereacross, whereby the
weight of the pipe string to which the packer is attached
is not depended upon to maintain the packer in its
anchored sealing position,

A particular object is to provide an improved packer

wherein the gripping slip assembly is mounted to float &

or move independently relative to a pair of slip expand-
ing members, which slip expanding members are movable
independently of each other, together with pressure actu-
%ted packing means connected with said expanding mem-
ers,
upon said packing means functions to impart movement
to the slip expanding members to initially cause and
subsequently maintain . the gripping slips ‘of the slip
assembly in an expanded gripping position. -
‘A further object is to provide a packer, of the char-
acter described, wherein the packer unit is adapted to
be latched to a lowering pipe in inactive position to facili-
tate lowering and raising of the unit within the well, said
unit being released for operation by a rotation of the

lowering pipe; downward movement of the lowering pipe -

subsequent to the rotation thereof functioning to auto-
matically and mechanically lock the packer against re-
lease from its set position, whereby said packer cannot
be removed until the lowering pipe is again rotated to
unlock the same for release. P

Still another object is to provide a well packer, of the
character described, wherein the differential of pressures
above and below the packer maintain the anchoring
means and the packing elements of the packer in their
set and sealing positions; the arrangement being such
that any differential, regardless of whether the higher
pressure is above or below the packer will function to
accomplish the purpose. .

Other objects will hereinafter appear.

‘The construction designed to carry out the invention
will be hereinafter described together with other features
thereof. i

The invention will be more readily understood from a
reading of the following specification and by reference to
the accompanying drawings forming a part thereof,
wherein an example of the invention is shown, and
wherein:

Figure 1 is an elevation of a well packer, constructed
in accordance with the invention and illustrating the same
being lowered within a well casing,

Figure 2 js an enlarged view, partly in section and
partly in elevation of the upper portion of the well packer
with the parts in the position shown in Figure 1,

Figure 3 is a continuation of Figure 2 illustrating the
lower portion of the packer,

Figure 4 is a horizontal cross-sectional view, 1aken on
the line 4—4 of Figure 3,

Figure 5 is a view, partly in section and partly in ele-
vation showing the anchoring’ slips in_set position,

partly in section and partly in ele-

Figure 6 is a view, pa
vation, of a modified form of the invention,

whereby pressure above and below the packer acting 3
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Figure 7 is an enlarged elevation of the connecting slot
and pin arrangement, and

Figure 8 is a horizontal cross-sectional view taken on
the line 8—8 of Figure 7.

In the drawings, the letter A generally indicates the
improved well packer which is adapted to be lowered into
a well pipe 10 by means of a lowering pipe or conductor

The packer includes an anchoring assembly B, upper
packer elements C and D and lower packer elements
E and F (Figure 1). The anchoring assembly B is
arranged to be set or anchored within the well pipe 10
and the packer elements seal off the annulus between
the lowering conductor 11 and the well pipe 10. As will
be described in detail, the upper packer elements C and
D are acted upon by pressure above the assembly while
the lower elements E and F are acted upon by pressure
below the assembly, whereby the differential in the pres-
sures above and below the packer maintain the same in
its set or anchored position.

As is-shown in detail in Figures 2 and 3, the packer
includes a tubular mandrel 12 which has its upper end
connected by a coupling 13 with the lowering pipe 11.
The mandrel extends entirely through the packer assem-
bly and is provided with upper circulating ports or open-
ings 14 and similar lower circulating ports 15. The inter-
mediate portion of the mandrel 12 is formed with an
enlarged portion 16 (Figure 7) and the upper end of
this enlarged portion provides an external annular
shoulder 17. An elongate slot 18 extends through the
wall of the mandrel and comprises a longitudinal portion
19 having a Jateral offset 20 at its lower end. The upper
wall 21 of the offset 20 provides a horizontal shoulder,
while the lower wall 22 of the offset is generally inclined.
The upper end of the longitudinal portion 19 of the slot
18 is also provided with an offset 23 and the lower wall
24 defining this offset also provides a horizontal shoulder.
One wall 25 of the offset portion 23 extends substantially
longitudinally while the opposite wall 26 provides an in-
clined surface which connects with an upper recess 27,
the recess 27 forming the extremity of the offset 23, As
will be hereinafter explained, the slot 18 is adapted to
provide a connection between the anchoring assembly B
of the packer and the mandrel 12.

The anchoring assembly B includes a lower annular
expander member 28 which surrounds the lower portion
of the enlargement 16 on the mandrel. As is clearly
shown in Figure 3, the upper external surface 29 of the
expander 28 is generally inclined, while the bore 30 of
said expander slidably engages over the enlarged portion
16 of the mandrel. The expander 28 has an inwardly
directed pin or key 31 which is adapted to engage and
ride within the connecting slot 18 of the mandrel 12,

It will be evident that when the pin 31 is in the posi-
tion G shown in full lines in Figure 7, said pin is abut-
ting the wall 21 of the lower offset 20 of the slot and
the expander is locked against upward movement with
respect to the mandrel. A rotation of the mandrel 12

"to move the pin 31 to the dotted line position H of

Figure 7 aligns said pin with the longitudinal portion 18
of the mandrel and thus, the mandrel 12 may be lowered
with respect to the expander 28, the pin 31 riding up-
wardly through the longitudinal portion 19 of the con-
necting slot.  As the mandrel moves downwardly the
pin 31 will ultimately assume the position shown in the
dotted line I in Figure 7 so that the inclined wall 26 of
the upper offset 23 strikes said pin and due to the cam
action the pin will be guided into the upper recess 27
assuming the position shown in the dotted line J. Any
downward movement of the expander or upward move-
ment of the mandrel after the pin has assumed the posi-
tion J will cause the pin to engage the shoulder 24 as
indicated by the dotted lines K and at this point further
movement of the expander downwardly with respect to
the ‘mandrel will be prevented. As will hereinafter
appear, the surface 24 provides a lock which can be re-
leased only upon a subsequent rotation of the mandrel
in a direction which will again align the pin 31 with
the longitudinal portion of the slot.

The Jower end of the expander is connected through
a coupling 32 on which the packer element E is mounted.

- The packer element is in the form of a pressure respon-
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sive packing cup 33 having a downwardly directed sealing
lip 34. A spacer 35 connects the packing cup assembly
with the lowermost packer element F which comprises an
annular packing cup 36 having downwardly directed seal-
ing lips 37. It is evident that the pressure below the cups
36 and 33 will tend to urge the lower expander member
28 in an upward direction.

Surrounding the lower end of the expander is the lower
portion of a slip carrier sleeve or housing 38. This sleeve
is provided with a plurality of radial openings 39 pro-
vided in its intermediate portion and gripping elements
or slips 40 are radially expansible through said open-
ings. Each slip is provided with longitudinal projections
41 (Figure 4) which coact with the inner wall of the slip
carrier to prevent complete outward displacement of each
slip through its respective opening 39. The lower por-
tion ‘of the inner surface of each slip is inclined as indi-
cated at 42, and this inclined surface coacts with the in-
clined ‘slip expanding surface 29 of the lower expander
member 28. The lower end of the slip carrier 38 is con-
nected with the slip expander 28 by means of a pin 43
which extends inwardly from the slip carrier and which
engages an external groove or keyway 44 in the expander.
The expander may thus undergo a limited longitudinal
movement with respect to the carrier and with respect to
the slips 40 mounted in such carrier. It will be evident
that when the expander 28 is moved upwardly with re-
spect to the slips 40, said slips are expanded radially out-
wardly. )

The upper portion of the inner surface of each slip 40

is also inclined as indicated at 42a and this inclined sur-
face is adapted to coact with the slip expanding surface
45 of an upper slip expander member 46. The member
46 is annular and is formed with an internal shoulder 47
which is adapted to engage the external shoulder 17
formed on the mandrel 12 (Figure 2) whereby down-
ward movement of the expander 46 is limited. The ex-
pander is also formed with an external annular shoulder
48 which is engaged by a stop collar 49 which is threaded
into the upper end of the bore of the slip carrier sleeve
or housing 38. The engagement of the stop collar 49
with the shoulder 48 limits downward movement of the
slip carrier sleeve wtih respect to the expander 46.
" The upper end of the expander has an internal recess
50 which receives suitable packing 51 for packing off
between the expander and the external surface of the
mandrel 12. The packer element D is connected to the
upper end of the upper expander 46 and comprises an
annular packing cup 33a similar in construction to. the
packing cup 33. The annular sealing lip 34a of the cup
33z is directed upwardly. A spacer 52 having an ex-
ternal shoulder 53 is connected to the tubular body 330
of the packing cup assembly D and the upper packer ele-
ment C is mounted on this spacer. The element C com-
prises a cup 33c similar to the cup 33a with its sealing
lip 33d projecting upwardly. The cup 33c is retained in
position abutting- the shoulder 53 of the spacer 52 by
a retaining gland 54 threaded onto the upper end of the
spacer. The gland 54 has suitable packing 55 contained
within a recess 56 formed in the bore thereof.

In the operation of the packer the parts are disposed
in the positions shown in Figures 2 and 3, in which posi-
tion the gripping slips 40 of the anchoring assembly are
retracted. At this time the connecting pin 31 of thé lower

slip expander 28 is disposed in the lower lateral offset ¢

20 of the connecting slot 18 and movement of the ex-
pander 28 longitudinally of the mandrel is thereby pre-
vented. ~The upper expander 46 is supported upon the
external shoulder 17 of the mandrel and the carrier sleeve

or housing 38 is suspended from 'the externa] shoulder 7

48 . (Figure 2) of the upper expander. In this position
the upper expander is at the upper limit of its movement
relative to the slip carrier and the lower expander isin a
lowered position with respect to said slip carrier, with
the result that the grioping slips 40 are in a retracted posi-
tion. At this time the circulating ports 14 in the upper
portion of the mandrel are above the uppermost packer
C, while the lower circulating ports 15 in the mandrel are
below the ‘lowermost “packer ‘F. “"Thus, as the device is
lowered through the well pipe 10 a by-pass of fluid around
the packer elements may cecur through the circulating
ports 14 and 15. .

When the packer reaches the position at which it is to
be set the lowering pipe 11 and mandrel 12 which is
attached thereto is rotated to move the connecting pin
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31 of the lower expander 28 from the position G to the
position H in Figure 7 to align said pin with the longitu-
dinal portion 19 of the connecting slot 18. It is then
possible to lower the mandrel 12 with respect to the an-
choring assembly B and the packer elements, because the
packer elements will be held stationary due to their fric-
tional engagement with the wall of the pipe 10. The
lower elements E and F are directly connected to the
lower expander which is also held stationary and the
upper packer elements C and D have a direct connection
with the upper expander to hold such expander station-
ary. As soon as the connecting pin 31 moves into align-
ment with the longitudinal portion 19 of the slot, it is not
only possible for the mandrel to be lowered with respect
to the expanders but if the pressure below the device is
sufficient, the lower expander may be moved upwardly
with respect to the mandrel, such action being obtained
by the pressure acting against the lower packing ele-
ment F.

As the mandrel 12 is lowered the shoulder 17 is moved
away from the shoulder 47 of the upper expander so that
the pressure above the unit may act on the upper packer
elements C and D to urge the upper expander down-
wardly. It is therefore obvious that pressure from above
and below the device will act upon the expanders 46
and 28 to move these expanders inwardly of the slip car-
rier, and gripping slips, to thereby expand the gripping
slips radially outwardly. Downward movement of the
mandrel is continued untjl the connecting pin 31 of the
lower expander engages the inclined surface 26 of the
connecting slot and when this occurs, the cam action be-
tween said inclined surface and the pin imparts sufficient
rotation to the mandrel to allow the pin to move upwardly
into the recess 27 at the extreme upper end of the con-
connecting slot. At this time the expanders have func-
tioned to engage the slips with the well pipe and the as-
sembly is locked within said pipe. Downward move-
ment of the lower expander with respect to the mandrel
will be limited by the engagement of the pin 31 with the
shoulder 24, as shown by the position K in Figure 7,
and thereafter any further downward movement of the
expander which might allow disengagement of the slips is
prevented. It is thus apparent that the anchoring as-
sembly is locked against disengagement from its set posi-
tion. By the time that the mandrel has been moved
downwardly relative to the anchoring assembly to locate
the pin 31 in the upper offset 23 the upper circulating
ports 14 of the mandrel have moved between the two
packing assemblies 51 and 55 to effectively close said
circulating ports. } )

With the anchoring assembly set and with the con-
necting pin 31 engaging the shoulder 24 of the slot 18 the
anchoring assembly cannot be disengaged from the pipe
and the unit is effectively locked within said pipe. At the
same time the pressure differential above and below the
packer holds the anchoring assembly in its tightly en-
gaged position. If the pressure above the packer is
greater, then the upper expander 46 is moved further in-
wardly of the slip carrier; on the other hand, if pressure
from below is greater, the lower expander is moved fur-
ther inwardly of the carrier, this movement being per-
mitted by the space between the shoulder 24 and the
recess 27 of the connmecting slot. The pressure acting
upon the packer elements will also function to maintain
said elements in tight sealing engagement with the wall
of the pipe.

In removing the packer, it is only necessary to rotate
the mandrel 12 to disengage the pin 31 from the offset
25 of the connecting slot and to align said pin with the
longitudinal portion 19 of said slot, after which the man-
drel may then be moved upwardly with the pin traveling
downwardly within the slot. As the pin reaches the lower
end of the slot at the position H in Figure 7, it will sub-
sequently strike the inclined surface 22, which will auto-
matically impart rotation to the mandrel and engage the
pin beneath the shoulder 21 of the lower offset 28. This
returns the parts to their initial position as shown in Fig-
ures 2 and 3 with the anchoring slips retracted and the
circulating ports 14 open. The packer may then be
withdrawn from the well pipe. It is noted that the con-
struction of the connecting slot 18 automatically locks
the anchoring assembly against operation during the low-
ering operation and also automatically locks the anchor-
ing assembly against actuation or release after said assem- .
bly is set, The weight of the pipe 11 which lowers the
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packer into. position. is not depended upon. to. maintain
the sealing contact of the. packing, elements.

The packer may be émploy=d as a production packer or
for any ordinary use in weli operations and with slight
modification may be employed-as a packer used in various
squeeze operations. In Figure 6 a modification is jllus-
trated which will adapt the packer for use in the intro-
duction of acid, cement or other material into the well
bore below said packer. In this case a wash pipe or con-
ductor. 60 is mounted axially within the mandre] 12. The
upper portion of this pipe extends above the circulating
ports 14 and has its external surface sealed off with the
bore of the lowering conductor 11 by suitable packing
61. The lower portion of the pipe 60 is also sealed off
with the bore of the mandrel 12 at a point below the
lower circulating ports 15 by a suitable packing 62.

In operation this form is set in exactly the same man-
ner as heretofore described, and after setting of the
packer the material to be introduced is pumped down-
wardly through the conductor 60. The conductor then
carries the material downwardly to a point somewhere
below the point at which the packer is set and the pres-
sure of the material being introduced will, of course, act
beneath the lowermost packer element F to assure main-
tenance of the anchoring assembly in its set position.
It will be evident that when the packer is set the upper
circulating ports 14 are closed in the manner hereinbe-
fore described, and thus the
tion for the carrying out of squeeze operations.

Having described the invention, I claim:

1. A well packer including, a tubular mandrel, an
upper slip expander surrounding the mandrel and nor-
mally suspended therefrom whereby from such normal
position the mandrel may -move downwardly but not
upwardly with respect to said expander, a tubular slip
carrier normally suspended from the upper expander,
whereby from such normal suspended position the slip
carrier may move upwardly but not downwardly relative
to the upper expander, gripping slips mounted for radial
movement in the carrier and adapted to coact with the
upper expander to undergo radial movement when the
upper expander is moved relative to- the carrier sleeve,
said slips being retracted when the upper expander and
the slip carrier are in their respective normally suspended
positions, a lower slip expander surrounding the man-
drel, means for connecting the lower expander to the slip
carrier to allow limited longitudinal movement of the
carrier with respect to said lower expander, said lower
expander being adapted to coact with the gripping slips
upon movement of the carrier relative to the lower ex-
pander, a releasable latching connection between the
lower expander and the mandrel for latching the lower
expander against longitudinal movement on the mandrel
and also for latching the carrier sleeve in a position pre-
venting relative movement of the carrier sleeve with re-
spect to both expanders in which position the gripping
slips are retracted, actuation of the releasable connec.
tion disconnecting the lower expander for limited longi-
tudinal movement on the mandrel and releasing the
sleeve for movement relative to the expanders in a di-
rection to effect movement of the gripping slips into ex-
panded position, an upper annular packing element sur-
rounding the mandrel and exposed to pressure above the
assembly and secured to the upper expander, and a lower
annular packing element surrounding the mandrel and
exposed to pressure below the assembly and secured to
the lower expander.

2. A well packer as set forth in claim 1, wherein the
upper annular packing element comprises a packing cup
having an upwardly directed sealing lip and wherein the
lower annular packing element comprises an elastic pack-
ing cup having a downwardly directed sealing lip.

3. A well packer as set forth in claim 1, wherein the
releasable latching connection includes a second latching
position for reconnecting the lower expander to the man-
drel after said lower expander has moved a predeter-
mined distance upwardly with respect to the carrier and
mandrel, whereby retraction of the lower expander from
within the carrier is prevented. .

4. A well packer as set forth in claim 1, wherein the
releasable latching connection between the lower ex-
pander and the mandrel is operated by a rotation of
the mandrel with respect to the lower expander followed
by a subsequent longitudinal movement of the mandrel
with respect to said lower expander.

packer will efficiently func-
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5. A well packer as set forth in claim 1, wherein the
releasable latching connection between the lower ex-
pander. and the mandrel comprises a longitudinal cou-
pling slot in the mandrel and a connecting pin on the
lower expander engageable within said slot, the lower
end of said slot having a lateral offset which when en-
gaged by said pin locks the lower expander on the man-
drel, rotation of the mandrel relative to the. lower ex-
pander moving the connecting pin into alignment with
the longitudinal portion of the coupling slot to discon-
nect the lower expander from the mandrel. )

6. A well packer as sét forth in claim 1, wherein the
releasable latching comnection between the lower ex-
pander and the mandrel comprises a' longitudinal cou-
pling slot in the mandrel and a connecting pin on the
lower expander engageable within said slot, the lower
end of said slot having a lateral offset which when en-
gaged by said pin locks the lower expander on the man-
drel, rotation of the mandrel relative to the lower ex-
pander moving the connecting pin into alignment with
the longitudinal portion of the coupling slot to discon-
nect the lower expander from the mandrel, disconnec-
tion of the lower expander permitting relative movement
of both expanders with respect to the carrier sleeve and
slips to expand the same, said slot having a second Iat-
eral offset at its upper end with one wall of the offset
being inclined for coaction with the connecting pin to
cause said pin to move into said offset after a predeter-
mined upward movement of the lower expander with
respect to the mandrel, engagement of the connecting
pin_within the upper offset locking the gripping slips
against retraction.

7. A well packer including,
per expander surrounding the
on within limits, means on the mandrel engageable by the
upper expander for limiting the downward movement of
the upper expander relative to the mandrel whereby said
upper expander is normally supported by said mandrel,
a slip carrier sleeve surrounding the mandrel and mov-
able longitudinally within limits on said mandrel and
with respect to the upper expander, gripping slips mount-
ed in the slip carrier for radial movement with respect
thereto, the lower portion of the upper expander extend-
ing into the upper end of the carrier sleeve and being
adapted to coact with the gripping slips to effect radial
movement thereof when the carrier sleeve and upper ex-
pander are moved relative to each other, a lower slip
expander surrounding the mandrel below the slip carrier
sleeve .and having its upper portion extending into the
slip carrier sleeve, said lower expander being movable
longitudinally within limits with respect to the carrier
sleeve and being adapted to coact with the gripping slips
to effect radial movement thereof when the lower ex.
pander is moved relative to the carrier sleeve, a releasable
connection between the lower expander and the mandrel
for latching said lower expander against movement on the
mandrel and for latching the carrier sleeve against move-
ment with respect to the expanders and in a position
with the gripping slips retracted, release of said connec-
tion freeing the lower expander for longitudinal move-
ment on the mandrel and simultaneously freeing the car-
rier sleeve for independent movement with respect to
both expanders, whereby the expanders may coact with
the gripping slips to move the same radially outwardly
to a gripping position, an upper annular packing element
surrounding the mandrel and exposed to pressure above
the assembly and secured to the upper expander for urg-
ing the same downwardly, and a lower annular packing
element surrounding the mandrel and exposed to the
pressure below the assembly and secured to the lower
slip expander for urging the same in an upward direc-
tion.

8. A well packer including, a tubular mandrel having
an external supporting shoulder thereon and having a
longitudinal slot provided with a lateral offset at its lower
end, an upper slip expander surrounding the mandrel with
its downward movement on the mandrel being limited
by said shoulder, a lower slip expander surrounding the
mandrel and connected thereto by a pin engageable with-
in the slot, an annular slip carrier surrounding the slip
expanders and suspended from the upper expander, ra-
dially movable gripping slips mounted on the carrier, .
means connecting the lower expander with the carrier
for limited movement relative to the carrier, the ex-
panders being movable inwardly relative to the slip carrier

a tubular mandrel, an up-
mandrel and slidable there-
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to coact with and expand the slips radially outwardly,
engagement of the connecting pin in the lateral offset
of the connecting slot latching the lower expander to the
mandrel in a position outwardly of the carrier and latch-
ing the carrier in suspended position from the upper ex-
pander with the gripping slips retracted, rotation of the
mandrel aligning the longitudinal portion of the connect-
ing slot with the pin to release the expanders for move-
ment relative to the gripping slips, a pressure-actuated
packing means connected to the upper slip expander there-
above, and another pressure-actuated packing means
connected to the lower slip expander therebelow, where-
by the pressures above and below the expanders move
said expanders relative to the gripping slips in a direction
to expand said slips.
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