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1

The present invention relates to subsurface well
tools, and more particularly to well packers and
anchors adapted to be coupled or anchored to a
string of well casing, or similar conduit string,
positioned in a well bore.

An object of the invention is to provide well
tools embodying improved devices for anchoring
the tools in well conduit strings.

Another object of the invention is to provide
well packers capable of being anchored in packed-
off condition in well conduits, and of withstand-
ing high pressures and temperatures encountered
in well bores.

A further object of the invention is to provide
an improved setting mechanism for effecting
shifting of normally retracted well tool anchoring
elements into coupling engagement with well con-
duits, within which they may be positioned.

Still another object of the invention is to pro-
vide an improved lock mechanism for preventing
longitudinal movement of 2 well tool body within
a well conduit.

This invention possesses many other advan-
tages, and has other objects which may be made
more clearly apparent from a consideration of
several forms in which it may be embodied. Such
forms are shown in the drawings accompanying
and forming part of the present specification.
These forms will now be described in detail, illus-
trating the general principles of the invention;
but it is to ke understood that such detailed de-
scription 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:

Figure 1 is a longitudinal view, partly in section
and partly in elevation, of a well packer located
within a well easing, to which it is to be anchored
in packed-off condition, with the packer parts
occupying their initial positions during running
of the packer through the well casing;

PFig. 2 is a partial longitudinal section of the
well packer, shown as anchored to the casing;

PFig. 3 is a view similar to Fig. 2, disclosing the
packer anchored in packed-off condition within
the casing;

Fig. 4 is 2 partial cross-section, on an enlarged
scale, taken along the line 6—4 on Fig. 1;

Fig. 5 is a section taken along the line 5—5 on
Pig. 4;

Fig. 6 is a longitudinal section, partly in eleva-
tion, of another embodiment of the invention, dis-
closing the packer with its parts in the initial po-
sition occupied by them while running the packer
through the well casing;
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Fig. 7 is a partial longitudinal section disclosing
the well packer of Fig. 6 partly anchored in the
well casing; . .

Fig. 8 is a view similar to Fig. 7 of the packer
fully anchored in packed-off condition within the
well casing; )

Fig. 9 is an enlarged partial cross-section taken
along the line 9—9 on Fig. 6;

TFig. 10 is a side elevation of part of the anchor-
ing device, as seen from the right of Fig. 9;

Fig. 11 is a longitudinal section, partly in ele-
vation, of still another embodiment of the inven-
tion, with the parts in retracted position for run-
ning the tool through a well casing;

Fig. 12 is a partial longitudinal section of the
tool shown in Fig. 11, anchored in packed-off con-
dition within the well casing;

Fig. 13 is a longitudinal section through still
another form of the invention; and

Fig. 14 is a partial longitudinal section of the
tool shown in Fig. 13, anchored in packed-off con-
dition within the well casing.

In the form of invention disclosed in Figs. 1to 5,
inclusive, a well tool, such as a well packer A,
is adapted to be run in a well casing B on the
Jower end of a tubular string C, and to be an-
chored in the well casing at a predetermined
point.

Specifically, the packer A is to be anchored in
a casing collar D, whose opposité ends are thread-
edly secured to upper and lower casing sections
E, P

The collar includes a lock groove (0 having &
Jower shoulder {i and an upper shoulder {2 that
is preferably inclined inwardly and downwardly
for a purpose to be described hereinafter. The
collar also includes a locating groove 13 for ad-
vising the operator at the top of the well bore
that the well packer is at the predetermined
point in the well casing. This groove {3 has an
upper shoulder 14 for cooperating with well tool
elements in a manner to be described hereinafter.

The well packer shown in Figs. 1 to 5, inclusive,
includes a tubular body {5 having an upper head
i6 threaded onto the tubular string C by means
of a left hand threaded connection 17. An abuf-
ment and guide 18 is secured on the lower end
of the body 15, and is engaged by a lower re-
tainer {9 receiving the lower end of a packing
sleeve 20, of rubber or other suitable material,
surrounding the body. The upper end of the
packing engages the lower retainer portion of a
setting and anchoring slesve 21 extending up-
wardly along the body and having an upper cyl-
inder portion 22 slidable along the body head 6.
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The setting sleeve also includes a shoulder or
cylinder head portion 23 disposed below the body
head 16, and on which fluid under pressure is
adapted to act. This fluid can enter the cylinder
space 24, formed between the sleeve 22 and the
body 10, through a plurality of ports 25 disposed
below the body head 8. Leakage of fluid in an
upward direction along the cylinder 22 is pre-
vented by one or more side seals 26 located in
peripheral grooves 27 in the head 16 and engage-
able with the interior of the cylinder. Similarly,
leakage of fluid in a downward direction between
the body 15 and the setting sleeve 21 is prevented
by one or more side seals 28 located in grooves 29
in the sefting sleeve and engageable with the
exterior of the body.

The setting sleeve 21 carries an anchoring de-
vice for preventing longitudinal movement of the
tool in both directions within the well casing.
This anchoring device consists of an inherently
expansible-lock ring or band 30 positioned within
a lock groove 31 in the exterior of the sleeve and
preferably above the seal rings 28 confained in
the latter. This band 30 is split and is made of
metal possessing spring-like characteristics, so
that the band tends to expand inherently to- a
substantially greater effective diameter than the
external diameter of the setting sleeve 21. How-
ever, the band is initially restrained in retracted
position for confinement substantially entirely
within its companion groove 31, and within the
periphery of the- setting sleeve 21, by a holding
device.

The holding device (see Figs. 4 and 5) includes
& retainer piece 32, which, in effect, forms a con-
tinuation of the band 38 when confined within
the groove 31, in that its outer surface is arcuate
to form: a continuation of the band periphery.
The retainer piece has inwardly directed flanges

33 on its outer ends spaced from its central por- °

tion 34 to define grooves 35 in which outwardly
directed flanges 36 on the ends of the split band
or ring are located. These latter flanges 36 also
define grooves 37 with the main body of the band
in which the retainer flanges are received. In
effect, the flanges 33, 36 on the retainer and hand
form interlocking hooks, preventing outward ex-
pansion of the band 30 when the retainer piece
32 is located within the lock groove 381.

The retainer piece 32 is held in its inward po- °

sition, holding the band 308 retracted within the
groove 31, by a screw 38 threaded into a piston
38 slidable in a transverse cylinder hore 40
through the setting sleeve 2{. This piston, in

turn, has an inward extension 4{ threaded into *:

the packer body 15. It is evident that the piston
serew 41 holds the piston 39 inwardly within its
cooperable sleeve cylinder 44, and that the re-
tainer screw 38, by being threaded into the piston,
holds the retainer piece 32 inwardly, by virtue
of engagement of the screw head 42 with the lat-
ter, thereby maintaining the flanges or hooks 33,
36 interlocked and the band 30 in retracted
position.

The piston 39 is made of frangible material,
so that the main portion of the piston may be
sheared from its threaded portion 41 in effecting
outward expansion of the lock ring or band 30
in the manner described below. Such outward
expansion may be insured by providing a suitable
packing ring 43 on the piston for sealing engage-
ment with the transverse cylinder wall 48. The
inner surface of this piston may also be subject
to the pressure of fluid entering the cylinder
space 24 through the ports 25, since such fluid

[\

60

656

75

4

under pressure can pass downwardly from the
cylinder space through the clearance space be-
tween the body 15 and setting sleeve 21.

The band 30 is adapted to expand outwardly
into the lock groove {0 in the collar D. It is also
adapted to cooperate with the groove shoulders
ti, 12 in preventing movement of the setting
sleeve 2! in both longitudinal directions. Ac-
cordingly, the lower surface 44 of the band is
parallel to the lower groove shoulder 1{, while the
upper surface 45 of the band is tapered in the
same direction as the upper groove shoulder 12,
in: order to interlock therewith, in view of the
acute angle of which the upper corner of the
band and the outer corner of the shoulder are
formed.

In order to obfain outward expansion of the
band 30 into the lock groove (0, it must be ap-
propriately located with respect thereto. To ac-
complish this purpose, a plurality of circularly
spaced leaf springs 46 are disposed within longi-
tudinal grooves 47 in the setting sleeve 2{ below
the lock ring 38. The lower ends of these springs
are secured to the sleeve 2| by an encompassing
band 48 and by screws 49 extending through the
band and the springs into the setting sleeve 2{.
The springs 48 extend upwardly, with their upper
free ends 58 tending to expand inherently in an
outward direction. The free arm portions 50
of the springs are engageable within the locating
groove {3 and their upper terminals are adapted
to engage the upper groove shoulder {4. When
in this position, the outer surfaces 5{ of the arms
preferably have surface contact with the wall
52 of the groove {3, in order to increase the load-
carrying capacity of the springs. These outer
surfaces 51 are also longer than the: usual cou-
pling surfaces existing between adjacent casing
sections forming the casing or conduit string, so
that the springs cannot. expand outwardly into
such: spaces and effect setting of the packer at an
undesired point in the conduit string. The locat-
ing groove 13, however, is substantially longer
than such leaf spring portions 50, to allow the
springs to inherently expand outwardly and en-
gage the downwardly facing shoulder {4.

The well packer A is threadedly attached to the
running-in string C, with the band 30 held in
retracted position, and with the packing 20 also
in retracted position. The lower portion of the
tubular running-in string € has a tubular exten-
sion 53 depending from its threaded section 54
and terminating in a head 55 closely fitting the
inner wall of the body 15. This head has a cen-
tral passage 56 therethrough, and may also have
suitable sealing ring 57’ in its extericr portion
cooperable with the body wall, to prevent leak-
age between the head 55 and body {5.

The extension 53 has a plurality of ports 5T
between its threaded portion %4 and head 585, to
enable fluid from the tubing string C to pass
through the body ports 25 and into the cylinder
space 24.

The well packer A is lowered through the cas-
ing string B until it is located below the collar
D, whereupon it may be elevated, preferably slow-
1y, until the leaf springs 46 are disposed opposite
the locating groove 13. The springs expand out-
wardly into this groove and engage the shoulder
{4, thereby arresting upward movement cf the
well packer A and advising the well operator that
the setting location of the packer has been
reached (Fig. 1).

The leaf springs 46 and retracted band 30 are
spaced from one another longitudinally, so that
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the upper end 45 of the band is disposed slightly
sbove the tapered lock groove shoulder i2 when
the springs first engage the shoulder {4. Also, the
length of the lock groove {8 is slightly greater
than the length or height of the band 38. This
disposition of parts is preferred, since it enables
the screw &1 to be sheared hydraulically by down-
ward movement of the setting sleeve 214, and,
when sheared, the band 38 is disposed substan-
tially centrally of the lock groove 16, and is
capable of expanding thereinto.

Release and expansion of the band 3§ is ef-
fected after the leaf springs 46 have engaged the
collar shoulder {4 by pumping or dropping a
tripping element 58, such as 2 ball, into the tub-
ing string C until it engages a valve seat 59 in
the head 55, closing the head passage 56 against
downward flow of fluid. Fluid under pressure
can then flow down through the tubing string
C, and through the extension ports 57 and body
ports 25 into the cylinder space 24, acting down-
wardly on the cylinder head portion 23 of the
setting sleeve 2! and exerting sufficient force to
shear the piston screw 41. When this screw is
sheared, the band 38 can expand outwardly, fore-
ing the retainer piece 32 outwardly into the groove
18 and disengaging the hooks 33, 36 from one
another. Such disengagement is facilitated by
inclining the inner surfaces of the retainer piece
hooks or flanges 33.

As indicated above, the fluid under pressure
moves the setting sleeve 21 downwardly suffi-
ciently to shear the screw &1, which locates the
band 38 opposite the lock groove {8 and allows
the retainer piece 32 and band 28 to expand out-~
wardly into this groove (Fig. 2). The inner por-
tion of the band 30 still remains within the pe-
ripheral setting sleeve groove 31, the band serv-
ing to couple the setting sleeve 21 to the casing
collar D.

It is apparent that downward movement of the
sleeve 21 is resisted by engagement of the band
30 with the lower shoulder i1, whereas upper
movement of the sleeve is resisted by engage-
ment of the beveled surface 45.of the band with
the upper groove shoulder {2. Upward movement
may also be resisted by the leaf springs 46 en-
gaging the locating groove shoulder 14.

In the event that the band 30 should not ex-

pand inherently out against the casing, because

of the holding action of the retainer piece 32,
the latter may be positively removed from its
holding position by virtue of the fluid under
pressure flowing through the clearance space be-
tween the body (5 and setting sleeve 22, and
acting upon the inner end of the piston 39,
forcing the latter positively outwardly and posi-
tively locating the retainer piece 32 within the
groove 8. This insures the freeing of the re-
tainer hooks 33 from the companion hooks 36
on the ends of the ring 30. The latter will then
snap out into the lock groove 19.

After the packer or well tool A has been
anchored to the well casing in the manner de-
scribed, an upward pull can be taken on the
tubing string C, to pull the body 15 upwardly
within the setting sleeve 2{, which cannot move
in an upward direction. Such upward movement
of the body moves the lower abutment 18 to-
ward the setting sleeve 21, to foreshorten the
packing 20 and expand it outwardly into leak-
proof engagement with the collar or casing wall
Fig. 3.

After the packing 29 has been fully expanded
against the casing B, upward movement of the

10

15

20

25

30

35

40

€n

€3

75

6

packer body 15 is prevented by the upward thrust
being transmitted to the casing through the abut-
ment (8, retainer 19, packing 28, setting sleeve 21
and band 39 or leaf springs 46, or both. Down-
ward movement of the body 15 is prevented by
providing a one-way latch device between the
body and setting sleeve 2.

The one-way device may assume various
forms. As specifically shown in the drawings,
it consists of a split, inherently expansible ring
58 located within a peripheral groove 60 in the
body head {6 and having downwardly facing pe-
ripheral ratchet teeth 61 engageable with com-
panion upwardly facing ratchet teeth 62 in the
upper end of the setting sleeve. This one-way
ratchet device permits upward movement of the
body 15 within the setting sleeve 21 without mov-
ing the latter, but couples the body directly to
the setting sleeve upon downward movement of
the former. Such downward movement, or force,
is transmitted through the setting sleeve 21 to
the lock ring or band 30 and against the lower
lock groove shoulder il to the casing B.

The well packer apparatus A has thus been
anchored in packed-off condition to the well cas~
ing B against longitudinal movement in both
directions. The tubular string C may then be ro-
tated to the right to unscrew its lower end 54
from the packer body {5, and the entire tubing
string can then be withdrawn from the well
casing.

Instead of hydraulically releasing the band 30
from ifs retracted position, it may be released
mechanically by taking an upward strain on the
tubing string C, after engagement of the leaf
springs 48 with the locating groove shoulder 14.
Such engagement prevents upward movement of
the setting sleeve 21, whereupon an upward strain
on the tubing string C and body 15 will effect
shearing of the piston screw 4{, and allow the
band 30 to expand outwardly. However, this
band will not be located completely opposite the
lock groove 10, necessitating slight downward
movement of the tubing string C which will be
transmitted through the body 15 and latch ring
59 to the sefting sleeve 2{, shifting the latter
downwardly until the released band 30 is oppo-
site the lock groove {8. The band may now ex-
pand inherently into the lock groove.

In mechanically releasing the band 38, the
packing 20 may have been expanded partially
against the well casing B, depending upon the
shear strength of the screw &f. After the band
30 has been positioned in the lock groove 18, g
sufficient upward strain can be taken on the
tubing string C and body {5 to insure full ex~
pansion of the packing sleeve 20 against the
casing wall.

In the form of invention disclosed in Figs. 6 to
10, inclusive, a different kind of lateh is provided
for preventing downward movement of the body.
This latch consists of a split, inherently ex-
pansible gripping band or ring 65 having down-
wardly facing wickers or teeth 88 adapted to
engage companion upwardly facing wickers or
teeth 87 formed in the collar G helow its locating
groove 13. The band is located within a groove
88 formed in the lower abutment (8¢ on the body
15, and has a tapered inner surface €9 inclined
downwardly and inwardly for cooperation with a
corresponding tapered surface 76 at the base of
the groove. This latter surface tends to urge
and hold the band 65 in an outward direction,
when expanded into engagement with the collar
teeth 671. ’
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The band 65 is originally held in retracted po-
sition within the confines of its companion
groove 68 by a holding member in the form of a
piston 7{ extendinz through the abuiment {2c¢
and threaded into an annular piston or sleeve 72
slidable along the inner wall of the abutment.
The sleeve 12 is also slidable along a tubular ex-
tension 53¢ threaded into the lower end B5ia
of the tubular string and depending therefrom.
This extension has a head 53a threaded on its
lower end below the annular piston 72, which is
provided with a valve seat 72 for a ball 14, or cor-
responding valve element.

The holding member T is made of frangible
material, so as to be released from the annular
piston. It is provided with a head 75 having op-
positely directed hooks or wings 78 interlocking
with eompanion hcoks or wings 77 on opposite
ends of the split, gripping band 85 (Figs. 9 and
16). It is evident that the threading of the hold-
ing member 7{ into the annular piston 72 causes
its hooks 1§ to engage the band heoks 77 and hold
the band in confined or retracted position with-
in its groove 68.

The holding member 11 is also in the form of
a, transverse piston extending through a trans-
verse cylindrical bore 78 in the abutment [8a,
and may have a sealing ring 19 engageable with
the wall of the cylinder to prevent leakags there-

between. The annular piston 72 is also provided &

with outer and inner side seals &€, 81 slidably
engageable with the abutment (8¢ and the ex-
terior of the extension 53¢, to prevent leakage
therebetween.

The apparatus disclosed in Figs. 6 to 10 is run &

in the well caging to a position below the grooved
collar G, whereupon the tubing string C and
packer are moved upwardly slowly until the lo-
cating springs 48 expend into the groove {2 and
engage the greove shoulder 4.
dropped or pumped down into the tubing string,
as before, until it engages the valve seat 73 in the
head 5ia. Pressure can then be applied to the
fluid in the tubing string, such pressure being
transmitted through the ports §7 in the exten-
sion, and through the body ports 23 to shift the
setting sleeve 21 downwardly, shearing the piston
serew 41 ang allowing the lock band 20 to expand
outwardly into a collar lock groove {8. Such fiuid
under pressure also passes downwardly through
the annular space between the body 15 and ex-
tension 53¢ for action upon the annular piston
12, shearing the frangikle holding deviee ¥ and
moving the piston 72 downwardly to an extent
determined by its engagement with the upper end
of the head 53¢, which also allows the fluid pres-
sure to enter the transverse cylinder 78 in the
abutment.

- Because of the inclined engagement between
the hooks 76, 77 on the holding member 7i and
on the toothed band §5, the inherent expansibility
of the band §5 moves the device outwardly until
the hooks 88, 67 disengage from each other allow-
ing the band 85 to expand against the casing wall.
If such release of the hooks does not occur as &
result of the inherently expansive foree of the
band, pressure applied en the inner end of the
piston 71 will forcibly move the holding device
outwardly to a releasing position (Fig. 7).

The tubing string C and packer body (5 are
then moved upwardly to compress the packing 20
hetween the setting sleeve 21 and abutment 8¢
and expand it outwardly against the casing B.
Such upward movement also carries the toothed
band 65 upwardly with the abutment to a posi-
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tion opposite the ratchet teeth 67 in the collar,
the band expanding outwardly into engagement
with such teeth, and transmitting any downwarg
forez on the body i5 through the tapered abufi-
ment 18¢ and expanded band 65 to the collar G
(Fig. 8).

It is apparent that the latch device €5, Ti,
disclosed at the lower portion of the form of
invention depicted in Figs. 6 to 10, obviates the
necessity for using a latch device between the
body 15 and setting sleeve 21, as in the other
form of the invention. Upward forces imposed
on the body 15 are transmitted through the pack-
ing 20, setting sleeve 2i and lock band 30, or
spring fingers 46, in the same manner as in the
other form of the invention. Downward forces
on the body 15 are transmitted through the abut-
ment i8¢ and split latch band 65 directly to the
casing.

In the embodiment of the invention illustrated
in Figs. 11 and 12, an inherently expansible lock
ring or band 30¢ is disposed in a peripheral groove
85 within the lower body abutment 18b, and is
adapted to expand outwardly into a coupling
space 86 between adjacent casing sections H, dJ,
in order to obviate the necessity for providing
a specially grooved collar in the casing string B.

The band 38a is essentially the same as de-
scribed in the Figs. 1 to 6 form of the invention,
being held in retracted position within its com-
panion groove 85 in essentially the same man-
ner. That is, a retainer piece 32 is hooked to
the ends of the band, and is attached to a piston
23 by a screw 38. The piston extends through a
transverse bore 86 in the abutment 18b, and is
held initially in an inward position by a shear
secrew 41a threaded through an annular piston
12¢ slidable along the inner wall of the abub-
ment and also along the extension 53¢ depending
from the tubular string C.

A packing sleeve 20 is also provided around
the body, with its lower end engaging a retainer
ring 19 resting on the abutment [8b, its upper
end being received within a tapered expander
87 initially secured to the body 15 by one or
more shear screws 88. The outer surface 89 of
this expander is inclined in an upward and in-
ward direction for cooperation with correspond-
ingly tapered surfaces 20 on the interior of seg-
mental upper slips 81 held initially in retracted
position by one or more shear screws 92 attach-
ing them to the expander. These slips have up-
wardly facing wickers or teeth 93, cooperating
with the expander 87 to hold the packing 20 in
expanded condition against the casing wall.

Such expansion of the slips 81 may occur hy-
draulically through the provision of a cylinder
on the body, having an upper skirt 22a slidable
along the body head (6 and a lower head 23¢
disposed adjacent the slips. Fluid can enter the
cylinder space 24 between the skirt or sleeve 22a
and the body 15 through the body ports 2§,
leakage being prevented, as before, by suitable
side seals 26, 28 on opposite sides of the cylinder
space, provided on the body head {6 and on the
cylinder head 23a. The cylinder is held initially
in an upward position by one or more shear screws
94 threaded into the head 16.

In order to prevent return movement of the
cylinder 22a, 23a, after it has been hydraulically
shifted along the body 15, a one-way latch de-
vice is provided between the body head and cylin-
der. 'This device consists of a split, inherently
expansible latch ring 95 disposed in a body head
groove 96 and adapted to cooperate with upwardly
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facing ratchet teeth 97 on the interior of the
cylinder sleeve 22a¢. This lateh device permits
relative downward movement of the cylinder 22a,
23a along the body 15, but prevents its return
or upward movement therealong.

The packer apparatus shown in Figs. 11 and
12 is run in the well casing with the parts dis-
posed in retracted position, as illustrated in Fig.
11, When the approximate location in the cas-
ing string has been reached, at which the packer
is to be anchored in packed-off condition, the
tripping ball 74 is lowered through the tubing
string until it engages the seat 73 in the exten-
sion head 5%¢, which prevents further downward
passage of fluid through the extension §32. The
fluid in the tubing string C and apparatus may
now be subject to pressure, such pressure passing
through the extension ports 57 and body ports
25 into the cylinder space 24, and also passing
downwardly through the annulus around the ex-
tension 53¢ for action upon the annular piston
12a.

The shear value of the piston screw 4lg is less
than the shear value of any of the other screws
in the apparatus, which causes the piston screw
to be disrupted first, allowing the annular piston
T12a to be shifted downwardly, freeing the retainer
piece 32, which expands outwardly under the
influence of the inherently expansible band 38a,
and also under the effect of the pressure acting
upon the inner end of the transverse piston 38.
The band 38a snaps outwardly until it engages
the casing wall, whereupon the tubing string C
and packer body {5 may be elevated slowly until
the band 30a is disposed opposite a coupling space
86, which allows it to expand outwardly into such
space and contact the upper and lower shoulders
98, 99 on the ends of the casing sections H, J.
Such outward expansion precludes further up-
ward or downward movement of the packer body
15 within the casing string, advising the operator
at the top of the well bore that the packer is
coupled to the well casing,

The pressure of the fluid is then increased to
an extent sufficient to shear the cylinder screw or
screws 94, and also the screws 88 holding the
expander 87 to the body. These last-mentioned
serews have a substantially lower shear value
than the screws 92 holding the slips 91 to the
expander, which causss the cylinder 22¢, 23¢ to
move downwardly, shifting the upper slips 91 and
expander 87, as a unif, toward the lower abut-
ment 180 and expanding the packing 20 out-
wardly against the casing.

The pressure of the fluid is increased to a fur-
ther extent to shear the slip screws 92 and move
the slips 91 downwardly along the tapered ex-
pander into anchoring engagement with the cas-
ing (see Fig. 12). During such downward move-
ment of the cylinder, its teeth 86 ratchet over
the split lock ring 95, which prevents return up-
ward movement of the cylinder along the body.

It is evident that the apparatus disclosed in
Figs. 11 and 12 is anchored to the well casing
against movement in both longitudinal direc-
tions by the location of the expansible band 33a
within a collar space or groove 88. It is also
evident that the packing 20 is prevented from
returning to its retracted position by the wedging
action of the tapered expander 87 within the
slips 91, whose tooth portions 93 dig into the
casing wall and become firmly attached thereto.

The packer body is incapable of moving in
either direction by the expanded lock band 38a.
The packing 20 is held in a confined state by the
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lock band and also by the upper slips 94. If de-
sired, the split latch ring 95 and ratchet teeth
88 need not be used, since the packer will remain
anchored in packed-off condition within the well
casing in the absence of the lateh ring and ratchet
teeth. The ring 93 and teeth 98, however, still
hold the packing 2 expanded, should the slips
fail to become anchored to the casing.

In the form of the invention disclosed in Figs.
i3 and 14, the expansible band 33¢ is held within
a setting sleeve groove 180 in essentially the same
manner as in the forms of invention shown in
Figs. 1 to 10, inclusive. Instead of being threaded
into a body, the piston secrew &1b is extended
through holes {8, {82 in the body {5 and in the

ead 55b in the lower end of the extension 53b
for threaded reception within a sleeve 108 slid-
able within the head 53b. This sleeve has a seat
i94 adapted to be engaged by a ball 14, or other
valve element, and is also provided with a suit-
able side seal {05 engaging the inner wall of the
head to prevent leakage therebetween.

The setting sleeve or cylinder 21g is secured
initially to the body head {6 by one or more shear
screws 34. The body head 16 and the cylinder
sleeve may have g one-way latch device 95, 96
of the same form as described in connection with
Figs. 11, 12.

Suitable side seals 26 are provided on the body
head (8 for engagement with the cylinder sleeve,
and suitable side seals 28 are also provided on
opposite sides of the piston 39 for engagement
with the outer surface of the body. These seals
will allow the transverse piston 39 to be subjected
to fluid pressure from within the body extension
53b. Similarly, seals 106 are provided on the
extension head 55b on opposite sides of its hole
or passage 102 to allow fluid under pressure to
pass therethrough and act upon the piston 39.

Disposed below the cylinder head are a plu-
rality of segmental slips 91 having tapered in-
ner surfaces 90 inclined in 2 downward and out-
ward direction for engagement with a companion
tapered surface 89 on a conical expander 87 dis-
posed around the body of the packer. The slips
are held initially in retracted position by one
or more shear screws 92 attached to the expander
87, while the expander is attached initially to the
body by one or more shear screws 88. The upper
end of a packing sleeve 20, encompassing the
body 15, abuts the expander 81, with the lower
end of the sleeve abutting a ring 19 resting upon
an abutment 18 forming part of the body {6.

The well packer is secured on the lower end
of a string of tubing C and is lowered through a
well casing B until it is positioned approximately
at the desired setting point in the casing. All of
the parts occupy the relative position shown in
Fig. 13, in which the lock band 30e, slips 91 and
packing sleeve 29 are in retracted positions.

The tripping ball 14 is lowered through the
tubing string until it engages the seat 104 in
the sleeve 163, whereupon sufficient pressure can
be built up in the tubing string for action down-
wardly upon the ball and sleeve to shear the pis-
ton screw 4ib and shift the sleeve 103 down-
wardly to a position exposing the aligned holes
102, 10f in the extension head 55b and body
t5. Such shearing action of the screw allows
the band retainer 32 to move outwardly, this ac-
tion being assisted, if need be, by fluid pressure
passing through the aligned holes 182, 101 and
acting upon the inner end of the piston .39,
forcing the latter outwardly and positively shift-
ing the retainer piece 32 in the same direction.
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The tubing string C is then elevated or low-
ered, as desired, until the band 38« is opposite a
casing coupling space or groove 86e into which
the band will expand inherently and coupie the
sleeve 2{a to the casing against movement in
both longitudinal directions (see Fig. 14).

An upward strain may now be taken cn the
tubing string C to move the body i5 upwardly.
Since the sleeve 21a cannot move in this direc-
ticn,. the slip screws 92 are first sheared, the
expander 81 moving uvpwardly with the body to
shift the slips 91 radially outward into anchor-
ing engagement with the casing. A continuation
of the upward strain, and increase in the upward
force or pull on the tubing string or body, then
shears the expander screws 88, moving the lower
ablitment 18 toward the expander 87. In view
of the wedging engagement of the expander with-
in the slips 91, it is prevented from moving up-
wardly.
abutment toward the expander foreshortens the
packing 20 and expands it outwardly into firm
sealing engagement with the casing wall.

During upward movement of the body {5 within
the cylinder setting sleeve 2iq, the ratchet ring
95 moves upwardly along the companion ratchet
teeth 9% in the sleeve. Downward moveraent of
the body 15 within the sleeve is prevented by en-
gagement of the latch ring 85 with the ratchet
teeth 96, such downward movement or force be-
ing jtransmitt‘ed through the setting sleeve 2ia
to the band 38a, and from the band to the cas-
ing, by virtue of engagement of the band with
the lower shoulder 9%z at the end of the lower
casing section J. Upward forces imposed on the
packer body (5 are transmitted to the casing
through the abutment {8, packing 29, expander
87 and segmental slips 91.

By providing shear screws 82 attacbmg the
slips 91 to the expander 87 with a much greater
shear value than the screws 88 securing the
expander to the body 15, the expansible band 3%a
may be released by fluid pressure passing through
the body ports 25 into the cylinder space 24.
Such pressure will shear or disiupt the piston
screw 4106 adjacent the outer surface of the hody
{5 and will also shear the expander sciews 88,
the setting sleeve 2ie moving downwardly dur-
ihg this action to a slight extent. However, in-
sufiicient pressure is applied to thé fluid to shear
the 3lip screws 92.

The band 3¢ is thus released and will expand
outwardly against the casing wall, wherelupon the
tubing string C may be raised or lowered until
the band snaps out into a collar groove or space
86a. Thereupon, an upward strain may be taken
on the tubing string or body {5 to effect shear-
ing of the slip screws 92 and outward expan-
sion of the slips 91, as well as foreshortening and,
outwardly expanding the packing sleeve 28 into
engagement with the casing.

The inventors claim: )

1. In a well tool: a member adapted to be low~
ered in a well conduit positioned in a well bore;
an outwardly expansible lock ring on said mem-
ber disposed initially in a retracted position on
said member; means engageable with said lock
ring for expanding said lock ring outwardly into
engagement with the well conduit to lock the
member to the conduit; means releasably retain-
ing said ring in such retracted position on said
member and slidable transversely of and within
said member to & position released from Said
ring to permit said ring to expand outwardly;
and means for releasing said retaining means to
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12
permit outward movement of said ring into lock-
ing engagement with said conduit.

2. In a well tool: a mémber adapted to be low-
ered in a well conduit positioned in a well bore;
an inherently expansible lock ring on said inem-
ber movable outwardly into engagement with the
well ¢conduit to lock the member to the conduit;
means releasably rétaining said ring in retracted
position on said member and slidable transverse-
ly of and within said member to a position re-
leased from said ring to permit said ring to ex-
pand outwardly; and means for releasing said
retaining means to perinit outward movement of
said ring into locking engagement with said
conduit.

3. In a well fool: tubular means adapted to be
lowered in a well conduit positioned in a well
bore; an outwardly expansible lock ring on said
means disposed initially in retracted position on
said means; means engageable with said lock ring
for expanding said lock ring outwardly into en-
gagement with the well conduit to lock the tubu-
lar means to the conduit; means releasably re-
taining said ring in such retracted position on
said tubular means and slidable transversely of
and within said tubular means to a position re-
leased from said ring to permit said ring to ex-
pand outwardly; and hydraulically operable
means for releasing said retaining means to per-
mit outward movement of said ring info locking
engagement with said conduit.

4. In g well tool: tubular means adapted to be
lowered in a well conduit positioned in a well
bore; a split, inherently expansible and outward-
ly movable lock ring on said means; means re-
leasably retaining said ring in retracted posi-~
tion on said tubular means and slidable trans-
versely of and within said tubular means to a
position enabling said ring to expand outwardly;
and hydraulically operable means for releasing
said retaining means to enable outward move-
ment of said ring info engagement with said
conduit.

5. In apparatus of the character described: a
well conduit having a groove therein; a member
adapted to be lowered in said conduit; an out-
wardly expansible lock ring on said member;
means for expanding said lock ring outwardly
into said groove to lock the member to the well
conduit; means releasably retaining -said ring in
retracted position on said member and slidable
transversely of and within said member to a
position released from said ring to permit said
ring to expand outwardly; and means for re-
leasing said retaining means to permit -outward
movement of said ring into said groove.

6. In'a well tool: a member adapted to be low-
ered in a well conduit positioned in a well bore,
said member having a peripheral groove therein;
a split, inherently expansible and outwardly mov-
able ring in said groove; means releasably inter-
locked with the end portions of said ring for
holding said ring in retracted position within
said groove; and means for releasing said hold-
ing means to enable said ring to expand out-
wardly.

7. In a well tool: a body adapted to be low-
eréd in 2 well conduit positioned in a well bore;
a tubular member movably mounted on ‘said
body; an inherently expansible lock ring on said-
memmber movable outwardly into engagement
with the well conduit to lock the tubular membper
to the conduit; means on said body engageable
with said ring for retaining said ring in re-
tracted position on said member; and means re-
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leasing said retaining means from said ring upon
relative movement between said body and mem-
ber to permit said ring to expand outwardly into
locking engagement with the conduit.

8. In a well tool: a body adapted to be lowered
in a well conduit positioned in a well bore; a tu-~
bular member on said body; an inherently ex-
pansible lock ring on said member movable out-
wardly into engagement with the well conduit to
lock the tubular member to the conduit; frangi-
ble means extending into said body and engage-
able with said ring for retaining said ring in re-
tracted position on said member; and means for
disrupting said frangible means to permit said
ring to expand outwarcly into locking engage-
ment with the conduit.

9. In a well tool: a body adapted to be low-
ered in a well conduit positioned in a well bore;
a tubular member movably mounted on said
body; an inherently expansible lock ring on said
member movable outwardly into engagement
with the well conduit to lock the tubular member
to the conduit; means on said body engageable
with said ring for retaining said ring in re-
tracted position on said member; and means in-
cluding instrumentalities on said tubular mem-
ber engageable with said conduit for effecting
release of said retaining means upon movement
of said body and member relative to each other
to permit outward expansion of said ring into
locking engagement with the conduit.

10. In a well tool: a body adapted to be low-
ered in a well conduit positioned in a well bore;
a tubular member movably mounted on said
body; an inherently expansible lock ring on said
member movable outwardly into engagement
with the well conduit to lock the tubular mem-
ber to the conduit; means on said body engage-
able with said ring for retaining said ring in re-
tracted position on said member; and means for
feeding fluid under pressure to said tubular
member to shift said tubular member on said
body and thereby effect release of said retaining
means to permit outward expansion of said ring
into locking engagement with the conduit.

11. In a well tool: a body adapted to be low- -

ered in a well conduit positioned in a well bore;
a tubular member movably mounted on said
body; an inherently expansible lock ring on said
member movable outwardly into engagement
with the well conduit to lock the tubular mem-
ber to the conduit; means on said body engage-
able with said ring for retaining said ring in re-
tracted position on said member; and hydrau-
lically operable means within said body for re-
leasing said retaining means to permit outward
expansion of said ring into locking engagement
with the conduit.

12. In a well tool: tubular means adapted to
be lowered in a well conduit positioned in a
well bore; a lock ring on said means disposed
initially in retracted position on said means;
means engageable with said lock ring for ex-
panding said lock ring outwardly into engage-
ment with the well conduit to lock the tubular
means to the conduit; means detachably secured
to said lock ring to releasably retain said ring in
such retracted position and movable within said
member to a position permitting said ring to
expand outwardly; and hydraulically operable
means for releasing said retaining means to per-
mit outward movement of said ring into locking
engagement with said conduit.

13. In a well tool: a body adapted to be low-
ered in a well conduit positioned in a well bore;
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a tubular member slidable on said body; an in-
herently expansible lock ring on said member
movable outwardly into engagement with the
well conduit to lock the tubular member to the
conduit; means engageable with said ring for
retaining said ring in retracted position on said
member; means for releasing said retaining
means to permit said ring to move outwardly
into locking engagement with the well conduit;
and lock means on said body adapted to engage
said well conduit to prevent longitudinal move-
ment of said kody therewithin, .

14. In a well tool: a body adapted to be low-
ered in a well conduit positioned in a well bore;
a tubular member slidable on said body; an in-
herently expansible lock ring on said member
movable outwardly into engagement with the
well conduit to lock said member to the conduit;
means engageable with said ring for retaining
said ring in retracted position on said member;
means for releasing said retaining means to per-
mit said ring to move outwardly into locking
engagement with the well conduit; an inherently
expansible annulus on said body movable out-
wardly into engagement with the well conduit
to lock the body to the well conduit; means en-
gageable with said annulus for retaining said
annulus in retracted position on said body; and
means for releasing said annulus retaining
means to permit said annulus to expand into
locking engagement with the conduit.

15. In a well tool: a body adapted to be low-
ered in a well conduit positioned in a well bore;
a tubular member slidable on said body; an in-
herently expansible lock ring on said member
movable outwardly into engagement with the
well conduit to lock said member to the conduit;
means engageable with said ring for retaining
said ring in retracted position on said member;
means for releasing said retaining means to per-
mit said ring to move outwardly into locking en-
gagement with the well conduit; an inherently
expansible annulus on said body movable out-
wardly into engagement with the well conduit
to lock the body to the well conduit; means
engageable with said annulus for retaining said
annulus in retracted position on said body; and
hydraulically operable means responsive to the
pressure of fluid within said body for releasing
said annulus retaining means to permit said an-
nulus to expand into locking engagement with
the conduit. _

16. In g well tool: a body adapted to be low-
ered in a well conduit positioned in a well bore;
an inherently expansible and outwardly movable
lock ring on said body; means engageable with
said ring for retaining said ring in retracted
position on said body; and hydraulically oper-
able means responsive to the pressure of fluid
within said body for releasing said retaining
means, allowing said ring to expand outwardly
into engagement with said conduit.

17. In a well tool: a tubular member adapted
to be lowered in a well conduit positioned in a
well bore; an inherently expansible and out-
wardly movable split lock ring on said member;
and means engageable with the ends of said split
ring for retaining said ring in retracted posi-
tion on said member, said means extending into
said tubular member, said means comprising hy-
draulically operable instrumentalities within
said member and subject to fluid pressure to re-
lease said retaining means from said ring.

18. In a well tool: a tubular member adapted
to be lowered in a well conduif positioned in



2,671,512

15

a well bore; dan inherently expansible and out-
wardly movable split lock ring on said member;
means engageable with the ends of said split
ring for retaining said ring in retracted position
on said member; frangible means secured to said
retaining means and extending into said mem-
ber; and hydraulically operable means within
said member secured to said frangible means.

19. In a well packer: a body adapted to be
lowered in a well conduit positioned in a well
bore; a tubular member movably mounted on said
body; an inherently expansible lock ring on said
member movable outwardly into engagement
with the well conduit to lock the tubular mem-
ber to the conduit; means engageable with said
ring to retain said ring in retracted position on
said member; means including instrumentalities
on said member engageable with said -conduit
for effecting release of said retaining means to
permit outward expansicn of said ring into lock-
ing -engagement with said conduit; and a pack-
ing -on said body adapted to be compressed be-
tween said body and member upon relative move-
ment between said body and member.

20, In a well tool: a membker adapted to be
lowered in a well conduit positioned in a well
bore; an outwardly expansible lock ring on said
member; means for expanding said lock ring
outwardly into engagement with the well conduif

to lock the member to the conduit; frangible -

means releasably retaining said ring in retracted
position on said member and slidable transverse-
ly .of and within said member to a position re-
leased from said ring to permit said ring to ex-
pand outwardly; and means for shearing said
frangible means to release said retaining means
and permit said ring to move outwardly into an-
choring engagement with said conduit.

21. ITn a well tool: tubular means adapted to
be lowered in a well conduit positioned in a well
bore; an outwardly expansible lock ring on said
means; means for expanding said lock ring out-
wardly into engagement with the well conduit
to lock the tubular means to the conduit; frang-
ible means engageable with said ring to retain
said ring in retracted position on said means
and slidable transversely of and within said
member tc a position of disengagement from
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said ring; and hydraulically operable means for
shearing said frangible means to release said
frangible means from said ring to permit said
ring to move outwardly into anchoring engage-
ment with said conduit.

22. In a well tool: a body member adapted to
be lowered in a well conduit positioned in a well
bore; a tubular member movably mounted on
said body; an inherently expansible lock ring on
said tubular member movable cutwardly into en~
gagement with the well conduit to lock the tubu-
lar member to the conduit; means on said body
member engageable with said ring for retaining
said ring in retracted position on said tubular
member; and means for restraining movement
of one of said members to permit said members
to be moved with respect to each other to release
said retaining means and permit said ring to
move outwardly into locking engagement with
the well conduit.

23. In a well tool: a body member adapted
to be lowered in a well conduit positioned in a
well ‘bore; a tubular member movably mounted
on said body member; an inherently expansible
lock ring on said tubular member movable out-
wardly into engagement with the well conduit
to lock the tubular member to the conduit;
frangible means extending into said body mem-
ber and tubular member and engageable with
said ring for retaining said ring in retracted po-
sition on said tubular member; and means for
restraining movement of one of said members
to permit said members to be moved with re-
spect to each other to disrupt said frangible

5 means to allow outward expansion of said lock

ring into locking engagement with the well con-
duit.
THOMAS M. RAGAN.
PAUL H. DURANT.

References Cited in the file of this patent
UNITED STATES PATENTS
Number Name Date
2,178,844 Baker —_________._.__ Nov. 7, 1939
2,394,977 Boynton _ . ______ Feb, 14, 1846
2,467,801 Baker - Apr. 19, 1949



