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Patented Dec. 3, 1963 

3,112,796 
HYDRAULCALLY ACTUATED WELL PACKERS 
William D. Myers, Houston, Tex., assignor to Baker Oil 

Toois, Inc., Los Angeles, Calif., a corporation of Cali 
fornia 

Filed Mar. 30, 1961, Ser. No. 99,598 
19 Claims. (C. 66-20) 

The present invention relates to subsurface well bore 
equipment, and more particularly to well tools, such as 
well packers, adapted to be set hydraulically in well bores. 
An object of the invention is to provide an improved 

well tool adapted to be lowered and set hydraulically 
in a well bore, in which the hydraulic force holding the 
tool in set condition remains constant regardless of shift 
ing of certain expandible parts of the tool after setting 
has occurred, as, for example, extrusion of rubber or 
rubber-like packing material through clearance spaces, 
due to high pressures or temperatures. 

Another object of the invention is to provide a well 
tool adapted to be lowered and set hydraulically in a 
well bore, the hydraulic setting force being applied 
constantly, in which the tool is released by equalizing the 
hydraulic setting force through movement of a tubular 
string to which the well tool is secured, movement of 
the tubular string being prevented from inadvertently 
causing equalizing of the hydraulic force. 
A further object of the invention is to provide an im 

proved well tool adapted to be lowered and set by hydro 
static pressure in a well bore, the tool being released, 
when desired, by equalizing the hydrostatic pressure tend 
ing to hold it in its set condition. 

This invention possesses many other advantages, and 
has other objects which may be made more clearly ap 
parent from a consideration of several forms in which it 
may be embodied. Such forms are shown in the draw 
ings accompanying and forming part of the present speci 
fication. These forms 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 side eleva 

tional view and longitudinal section through a well tool 
disposed in a well casing, with the parts in condition for 
lowering the tool in the well casing, FIG. 1a constituting 
a lower continuation of FIG. 1; 

FIGS. 2 and 2a together constitute a longitudinal sec 
tion corresponding to FIGS. 1 and 1a, respectively, the 
tool being tripped for hydraulic setting, FIG. 2a consti 
tuting a lower continuation of FIG. 2; 

FIGS. 3 and 3a are views corresponding to FGS. 1 
and 1a, respectively, illustrating the tool anchored in 
packed-off condition in the weil casing, FIG. 3a consti 
futing a lower continuation of FIG. 3; 

FIGS. 4 and 4a are longitudinal sections through the 
well tool disposed in a well casing, and corresponding to 
FIGS. 1 and 1a, illustrating the tool in condition for re 
lease from the well casing and removal therefrom, FIG. 
4a constituting a lower continuation of FiG. 4; 

FIG. 5 is an enlarged cross-section taken along the 
ine 5-5 on FG. 1; 
F.G. 6 is an enlarged cross-section taken along the 

line 6-6 on FIG. 1; 
FIG. 7 is an enlarged cross-section taken along the 

line 7-7 on F.G. 1a; 
FIG. 8 is an enlarged cross-section taken along the 

line 8-8 om FIG. 2; 

10 

2 
FIG. 9 is an enlarged cross-section taken along the 

line 9-9 on FIG. 2a; 
FIG. 10 is a longitudinal section through a modified 

upper portion of the well tool illustrated in FIGS. 1 to 
9, inclusive. 

The well tool A illustrated in the drawings is a well 
packer adapted to be lowered in a well casing B, or sim 
ilar conduit string, on a tubular running-in string C, 
Such as tubing or drill pipe, to a desired setting point at 
which the well tool is to be anchored in packed-off condi 
tion in the well casing. When desired, the well tool can 
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be released from the well casing and removed entirely 
therefrom. . 

As shown, the well tool includes a central tubular body 
or mandrel 10 made of several sections, including an 
upper section 11 threadedly secured to a coupling 12, 
which is, in turn, threadedly attached to the lower end of 
the tubular string C. The upper section is is threadedly 
attached to an intermediate section 3 of a greater ex 
ternal diameter than the upper section, the intermediate 
Section, in turn, being threadedly secured to a lower 
section 14 that may have a tubular member 15 secured 
to its lower end, this tubular member extending down 
Wardly in the well casing by a desired distance. 

Surrounding the tubular body 10 is a hydraulic device 
16 for preventing upward movement of the well packer 
in the well casing under the influence of well pressure 
therebelow. Such device includes an annular body 7 
having an upper seal ring 18 adapted to seal against the 
periphery of the body 10. The seal ring is disposed in 
an inwardly directed flange 9 at the upper portion of 
the annular body 17, which serves to space the inner 
wall 20 of the annular body 7 from the tubular mandrei 
it, providing a passage 21 through which fluid under 
pressure can enter the annular body 7. This annular 
body 17 has a plurality of generally radial cylinders or 
bores 22 therein, each of which accommodates a piston 
like gripping element 23 having external wickers or teeth 
24 adapted to engage and be embodied in the wall of 
the well casing B when the gripping members are ex 
panded outwardly by fluid pressure. Each piston grip 
ping element has a suitable side seal ring 25 sealing 
against the wall of the confining cylinder 22 and is main 
tained in proper oriented condition, so that its external 
wickers or teeth are disposed in transverse position, by 
a retainer bar 26 extending longitudinally of the an 
nular body 7 and within external longitudinal slots 27 
in the gripping members 23 to prevent the latter from 
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turning. These retainer bars 26 are attached to the body 
by screws 28, or the like, and also serve as seats for 
compression retractor springs 29 bearing against the inner 
Surfaces of the bars and also against the gripping mem 
bers 23, urging the latter inwardly to a retracted position. 
When an adequate fluid pressure differential is present in 
the annular space 21 between the body 7 and mandrel 
10, the pistons 23 are urged outwardly against the force 
of the springs 29 to embed their teeth 24 in the wall of 
the well casing. The greater the hydraulic force acting 
outwardly on the pistons 23, the greater will be the 
gripping action of their teeth against the well casing. 
The lower portion of the annular body 17 serves as an 

upper abutment 30 which is threadedly attached to the 
upper end of an upper setting sleeve 31 spaced from 
the mandrel or body 0 to provide an annular space 32 
therebetween through which fluid pressure can pass up 
Wardly for action on the piston gripping members. 23. 
A suitable packing structure 33, such as a pliant, elastic 
inherently retracted packing sleeve, made of rubber or 
rubber-like material, encompasses the setting sleeve 31, 
with its upper end bearing against the upper abutment 30, 
and also against an upper gauge ring 34 threaded on the 
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upper abutment and actually constituting a part thereof. 
The lower end of the packing sleeve 33 bears against a 
lower abutment 35 slidable on the setting sleeve 3. 
This lower abutment may constitute part of a slip ex 
pander device being threadedly attached to the main 
portion of the expander 36. Downward movement of 
the lower abutment 35 and expander 36 relative to the 
setting sleeve 3 is limited by engagement of the abut 
ment 35 with a split stop ring 37 mounted in a peripheral 
groove 37a in the setting sleeve 31. Fluid pressure 
from the exterior of the apparatus and below the packing 
sleeve 33, when the latter is expanded out against the 
well casing B, can pass through ports 38 in the lower 
abutment 35, expander 36, and setting sleeve 31 to the 
annular space 32 between the setting sleeve and tubular 
mandrel 10, such fluid passing upwardly through a suit 
able longitudinal groove or grooves 39 formed in a 
split stop ring 40 mounted in a peripheral groove 41 in 
the mandrel and engageable with the inner wall of the 
setting sleeve 31. 
The expander 36 has circumferentially spaced slots 42 

therein, the inner wall 43 of each of which tapers in a 
downward and inward direction, coacting with a conn 
panion inner tapered surface 44 of a slip 45 slidably 
splined to the expander by inclined tongues 46 on the 
sides of each slip slidable in companion inclined grooves 
47 in the sides of the slot 42 adjacent to its tapered ex 
pander surface 43. The slips have wickers or teeth 43 
adapted to enabed in the wall of the well casing B upon 
outward expansion of the slips, resulting from relative 
longitudinal movement between the expander 36 and siips 
45 in a direction toward each other. Relative separat 
ing movement between the expander and slips causes the 
tongue and groove interconnection 46, 47 to shift the 
slips 45 from expanded to a retracted position. 
The slips 45 are all movable longitudinally together 

by having their lower portions slidably coupled to a slip 
ling 59 encompassing the upper setting sleeve 31. The 
lower end of each slip is formed as a i-shaped head 
51 receivable in a companion shaped longitudinal slot 
52 in the upper portion of the slip ring 59, thereby cou 
pling the slips for joint longitudinal movement with the 
slip ring, but permitting lateral movement of the slips 
45 into and out of engagement with the wall of the 
well casing B. 
The slip ring 50 is connected to the hydraulic setting 

portion 53 of the apparatus. As shown, a lower set 
ting sleeve or cylinder 54 is threadedly attached to the 
slip ring 59 and is slidable along an annular piston 55 
secured to the upper setting sleeve 3: by resting upon 
a split stop ring 56 mounted in a peripheral groove 57 
in the upper setting sleeve. The elongate cylindrical por 
tion of the lower setting sleeve or cylinder 54 is spaced 

... from the upper setting sleeve 3, forming a cylinder 
space or atmospheric chamber 58 therein, the lower end 
of which is closed by a lower cylinder head 59 slidable 
along the periphery of the upper setting sleeve 3. Leak 
age of fluid between the cylinder head 59 and setting 
sleeve 3 is prevented by one or more side seal rings 
60 mounted in the head and slidably sealing against the 
periphery of the upper setting sleeve. Similarly, leak 
age of fluid between the annular piston 55 and the wall 
of the lower setting sleeve 54 is prevented by one or 
more side seal rings 6: mounted on the peripheral por 
tion of the piston and slidably sealing against the wall 
of the setting sleeve 54. Leakage of fluid between the 
interior of the annular piston 55 and upper setting sleeve 
3i is prevented by a suitable side seal ring 62 on the 
piston engaging the periphery of the upper setting sleeve. 
The upper setting sleeve 3; extends through the lower 

cylinder head 59 and is threadedly secured to a lower 
head 63 slidably mounted on the periphery of the lower 
section 14 of the tubular mandrel or body 10. Leakage 
of fluid between the head 63 and the mandrel 10 is pre 
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vented by a suitable side seal ring 64 on the head en- 75 

4 
gaging the periphery of the lower mandrel section 4. 
This head is threadedly attached to a cylinder or sleeve 
65 extending upwardly therefrom and having an inward 
ly directed flange 66 engaging the lower end of the 
lower setting sleeve cylinder head 59. Upward move 
ment of the lower setting sleeve 54 with respect to the 
upper setting sleeve 31 is at first prevented by releas 
ably securing the head 59 of the setting sleeve to the 
cylinder sleeve 65 by means of one or more shear screws 
67. The upper setting sleeve 31 cannot move relative 
to the lower setting sleeve 54 since it is connected there 
to through the shear screw 67, cylinder 65 and head 
63 threaded on the lower end of the upper setting sleeve 
3. 

Leakage of fluid between the lower setting sleeve head 
59 and the sleeve of the lower cylinder 65 is prevented 
by a suitable side seal ring 68 on the head engaging 
the wall of the cylinder 65. The cylinder 65 is spaced 
laterally from the lower portion of the upper setting 
sleeve 31, providing an annular cylinder space 69 con 
taining a release piston 70, the upper end of which en 
gages the lower end of the lower setting sleeve head 59. 
The upper portion of the piston 70 extends within the 
sleeve flange 66 and its lower portion has an upwardly 
facing shoulder 71 adapted to engage this flange to limit 
upward movement of the piston 70 in the lower cylinder 
65, as described hereinbelow. Leakage of fluid between 
the piston 70 and the upper, inner setting sleeve 31 is 
prevented by a suitable inner side seal ring 72 engaging 
the periphery of the setting sleeve. Leakage of fluid 
between the piston 70 and the outer sleeve 65 is pre 
vented by a suitable side seal ring 73 on the piston en 
gaging the inner wall of this latter sleeve. 

In accomplishing the setting of certain normally re 
tracted parts of the well packer, such as the packing 
sleeve 33 and lower slips 45, against the wall of the well 
casing B, the upper and lower setting sleeves 31, 54 are 
innovable longitudinally with respect to each other. As 
disclosed in the form of invention shown in FIGS. 1 to 
9, inclusive, the upper or inner setting sleeve 3 can 
move, at times, longitudinally relative to the tubular 
mandrel 10 of the tool, which movement is desirable 
in Some uses of the well packer. When such movement 
is permitted, however, the setting sleeve 31 is releasably 
connected to the tubular mandrel 10, so that the parts 
are movable longitudinally through the well casing B 
as a unit prior to setting of the tool in the well casing. 
The releasable connection is provided by a lock key or 
pin 75 extending through a radial or lateral bore 76 
in the lower portion of the inner setting sleeve 31 and 
received within a peripheral groove 77 in the lower sec 
tion of the tubular mandrel 10. This key 75 is held 
initially in the groove 77 by engaging the lower portion 
of the release piston 78. When the release piston is 
moved upwardly, as explained hereinbelow, a spring 78 
(FIG. 9), which encompasses the lower mandrel sec 
tion 14, and which is secured to the key 75, is allowed 
to expand outwardly to remove the key 75 from the 
groove 77, thereby freeing the inner setting sleeve 3i 
from the tubular mandrel 10 and permitting relative 
longitudinal movement between these parts. 
The piston 70 is movable upwardly, to release the lock 

key 75 and also to shear the screw 67 releasably con 
necting the outer setting sleeve or cylinder 54 to the 
inner or upper setting sleeve 31, by the application of 
hydraulic pressure to the release piston 70. This pres 
Sure may be obtained by imposing the hydrostatic pres 
sure of the fluid in the tubular string and the mandrel, 
this pressure, when permitted to do so, passing through 
one or more side ports 80 in the tubular mandrel 10 
and through one or more side ports 81 in the inner set 
ting sleeve 3 into the cylinder 65 for upward action 
on the piston. Initially, however, the fluid pressure can 
not enter the cylinder 65 by virtue of a sleeve valve 82 
disposed across the mandrel port 30, this sleeve valve 
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having longitudinally spaced side seals 83 thereon seal 
ingly engaging the mandrel section 14 on opposite sides 
of its port 80. The sleeve valve 82 is retained in such 
closed position across the mandrel port by one or more 
shear screws 84 attached to the mandrel and to the 
sleeve valve. 
The sleeve valve 82 is released hydraulically after 

dropping a ball 85, or similar tripping valve element, in 
to the tubular string C, which will gravitate through the 
fluid therein and come to rest upon a valve seat 86 pro 
vided by the inwardly projecting spring-like fingers 87 
integral with longitudinally extending arms 83 forming 
the upper portion of the sleeve valve 82. These out 
wardly directed fingers 87 engage an inner wall 89 of 
the tubular mandrel 10 to provide the inward restric 
tion or seat 86 upon which the ball valve element 85 
comes to rest. When fluid pressure of a sufficient value, 
as, for example, 1,000 p.s. i., is applied to the fluid in the 
tubular string C and the tubular body 10, such pressure 
acts downwardly on the ball valve element 85 and the 
sleeve valve 82, shearing the screw 84 and causing the 
sleeve valve 82 to shift downwardly to a position limited 
by its engagement with a lower mandrel shoulder 99. 
At this time, the spring fingers 87 are disposed in a larger 
diameter portion 91 of the mandrel 10, Springing out 
wardly into such portion, and increasing the diameter 
of the valve seat 86 to a greater value than the diameter 
of the ball valve element 85, the latter then dropping 
through the sleeve valve 82 and continuing on down 
through the mandrel 10 and the tubing 15 therebelow 
for discharge into the well casing or well bore. With 
the sleeve valve 82 engaging the shoulder 98, the side 
ports 80, 81 are open, so that fluid under hydrostatic 
pressure can then be imposed in the cylinder 65 to urge 
the release piston 70 upwardly and initiate setting of the 
tool A in the casing B. 

Leakage of fluid between the mandrel O and the inner 
setting sleeve 3A is prevented by a side seal ring 92 on the 
mandrel engaging the inner wall of the Setting sleeve 
above the inlet port 80. When the mandrel 10 is moved 
upwardly relative to the inner sleeve 3i to a Sufficient ex 
tent, the seal 92 is moved upwardly above vent or equaliz 
ing ports 93 in the inner sleeve 31 below the annular pis 
ton 55, to allow fluid pressure to enter the atmospheric 
chamber 58 and thereby equalize the pressure or force 
acting on the annular piston 55 and also on the lower 
cylinder head 59. Such hydraulic force is provided by the 
hydrostatic head of fluid in the well bore, this hydrostatic 
head of fluid being adapted to enter through the side port 
94 in the upper portion of the outer setting sleeve 54 to 
the interior of the latter above the annular piston 55, 
urging such annular piston downwardly. When the shear 
screw. 67 is disrupted and the lower head 59 moved up 
wardly out of the lower sleeve 65, the hydrostatic pressure 
can act upwardly on the lower cylinder head 59 urging it 
in an upward direction. Fluid from the annular space 32 
is prevented from passing to the ports 93 by a side Seal 
95 in the body section 13 sealing against the inner sleeve 
31. 

In the operation of the apparatus disclosed in FIGS. 1 
to 9, inclusive, the sleeve valve 82 is disposed initially 
across the ports 88,85. The upper gripping members 23, 
packing structure 33 and slips 45 are in retracted position, 
the shear screws 67, 84 being intact, and the parts oc 
cupying the position illustrated in FIGS. 1 and 1a. At 
this time, the ball valve element 35 has not been dropped 
into the tubing string C. The apparatus is lowered 
through the fluid in the well casing B to the desired set 
ting point, whereupon fluid can be circulated down through 
the tubing string, if desired, to clear the casing of drilling 
mud, or other weighting material, therewithin. Also, if 
desired, the connections at the top of the well bore to 
the tubing string C can be completed. At this time, fluid 
is prevented from entering the atmospheric chamber 58, 
which will retain air at atmospheric pressure therewithin, 
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6 
and the hydrostatic head of fluid is prevented from setting 
the parts since the shear screw 67 is intact and the parts 
30, 8 are closed. The hydrostatic head of fluid cannot 
act upon the outer setting sleeve 54 and move it upwardly 
relative to the inner setting sleeve 31. 
When it is desired to set the well packer, the tripping 

ball 85 is dropped into the tubular string, gravitating 
therethrough and through the tubular mandrel or body 
10 into engagement with the seat 86 provided by the fingers 
87 projecting into the mandrel passage 100. Fluid pres 
sure is then imposed on the fluid in the tubing string C, 
acting downwardly on the ball 85 and sleeve 82 to shear 
the screw 84, the sleeve moving downwardly to a position 
opening the ports 80, 81, one in which the spring arms 88 
and fingers 87 inherently shift outwardly to permit the 
ball 85 to pass down through the sleeve valve 82 and out 
of the apparatus. 

Hydrostatic pressure can then enter through the open 
ports 80, 81 in the mandrel 10 and the inner sleeve 3, 
moving into the cylinder 65, and acting upwardly on the 
piston 70 which engages the sleeve head 59. The hydro 
static head of fluid in the well bore is normally sufficient 
to effect a shearing of the screw 68 and elevation of the 
piston 70 within the cylinder 65 to a position limited by 
engagement of the piston with the sleeve flange 66, at 
which time the sleeve head 59 will have been elevated to 
move its seal ring 68 out of the cylinder 65, allowing the 
hydrostatic head of fluid to then act on the underside of 
the head 59 and urge it and the sleeve 54 in an upward 
direction (see FIGS. 2 and 2a). At this time, the piston 
73 has been removed from behind the lock key 75, allow 
ing the spring 7S to shift the key out of the mandrei groove 
77, freeing the inner sleeve 3 from the mandrel 10 and 
permitting the inner sleeve and mandrel to shift longi 
tudinally with respect to one another. 

Prior to removal of the key 75 from the groove 77, 
downward movement of the tubular string C and mandrel 
16 is transmitted to the inner sleeve 31 by the abutting 
of the coupling or sub 12 with the upper end of the an 
chor body 17. If such abutting did not occur, then the 
upper side of the groove 77 would engage the key 75 to 
move the inner sleeve 31 downwardly with the mandrel S0, 
and all of the other parts surrounding the mandrel 10 
would also move downwardly therewith. Similarly, if 
the tubular string C were to be moved upwardly prior to 
release and setting of the well tool, the lower side of the 
groove 77 would engage the key 75 and move all of the 
parts surrounding the mandrel 10 upwardly with it. 

With the parts in the position illustrated in FIGS. 2 and 
2a, following upward movement of the piston 70 and its 
shearing of the screw 67, the sleeve 54 then moves up 
Wardly to shift the slips 45 upwardly along the expander 
36 and outwardly toward the wall of the well casing B. 
The key or pin 75 is now out of the groove 77, so that the 
hydrostatic head of fluid acting downwardly on the piston 
55 can urge the inner sleeve 31 relatively in a downward 
direction and the outer sleeve 54 relatively in an upward 
direction, in view of the pressure differential across the 
upper piston 55 and the lower piston or head 59, since the 
atmospheric chamber 58 still only retains air at substan 
tially atmospheric pressure therewithin. As a result, the 
anchor body and upper abutment 47, 39 is moved rela 
tively downwardly with the inner sleeve 31, carrying the 
packing 33 and expander 36 downwardly with it to wedge 
the expander within the slips 45, the wickers 48 of the 
latter embedding themselves in the wall of the well casing 
B. Continued application of the upward hydrostatic force 
on the outer sleeve 54, and through the latter on the slip 
ring 50 and slips 45, and of the downward force on the 
inner sleeve 35 by the hydrostatic head of fluid acting 
downwardly on the piston 55 then moves the upper abut 
ment 36 and the entire anchor body 17 downwardly rela 
tive to the lower abutment 35 to shorten the packing 33 
and effect its expansion outwardly into sealing engage 
ment with the wall of the well casing B, the parts then 
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occupying the relative positions illustrated in FIGS. 3 
and 3a. 
Any pressure in the annulus between the tubing string 

C and casing B acting downwardly on the well tool A will 
then tend to urge the packing 33 and expander 36 down 
wardly to a further extent, to more firmly wedge the ex 
pander 36 into the slips 45, thus precluding downward 
movement. In the event that pressure in the well casing 
below the packing 33 tends to elevate the well packer and 
release it, such tendency is prevented by the upper anchor 
portion 6 of the apparatus, the fluid pressure passing 
through the ports 38 into the annular space 32, 21 be 
tween the inner setting sleeve 31 and mandrel 10, and be 
tween the anchor body 7 and the mandrel 10, the pres 
Sure acting on the inner ends of the pistons 23 and urging 
them outwardly against the force of the springs 29 to 
embed their wickers 24 in firm gripping engagement with 
the wall of the well casing. The greater the pressure in 
the well casing B below the packing 17, tending to elevate 
the tool A, the greater is the outward force exerted by 
such pressure on the pistons 23 to embed their wickers 24 
in the wall of the well casing, and resist and prevent such 
upward movement of the well packer. 
The well packer A will remain in its anchored and 

packed-off condition, there being a constant setting force 
being exerted on the inner and outer sleeves 31, 54 tending 
to Inove the inner sleeve 31 downwardly and the outer 
sleeve 54 upwardly, to maintain the slips 45 and packing 
33 set against the wall of the well casing. In the event 
that any rubber material of the packing 33 were to ex 
trude between the clearance spaces between the abutments 
35 and 30, 34 and the wall of the well casing, the hydro 
static head of fluid acting downwardly on the upper piston 
55 and upwardly on the lower piston 59 would shift the 
parts sufficiently so as to continue to exert the same force 
maintaining the packing 33 and lower slips 45 in set con 
dition. Thus, the well packer A will remain in packed 
off condition against movement in both directions, 

In the event of any tendency for the tubular string C 
to move upwardly in the well casing B, as due to its 
contraction resulting from decrease in temperature of 
the fluid in the well casing, such upward movement would 
be transmitted to the tubular mandrel 10 and would shift 
it upwardly within the sleeve 31 and anchor body 17. To 
insure that the tubular mandrel will not move upwardly 
to a sufficient extent as to bring the seal ring 92 above 
the vent or equalizing port 93, a shear screw 05 is pro 
vided in the sleeve 31, projecting inwardly thereof toward 
the mandrel 10. The shoulder 166 provided by the upper 
end of the intermediate mandrel section 13 will engage 
the shear screw 05 before the seal ring 92 can move 
above the vent port 93, and will preclude further upward 
movement of the mandrel 10 relative to the inner sleeve 
31, thereby preventing opening of the vent port and release 
of the well packer from the well casing. 

However, when the well packer A is to be released from 
the well casing, the tubing string C is moved upwardly, 
carrying the mandrel or body 10 upwardly with it, until 
the shoulder 06 engages the shear screw 105; whereupon 
a sufficient upward pull is taken on the tubular string and 
mandrel to shear the screw 165 and allow the mandrel to 
move upwardly to a position in which the stop ring 40 
engages the downwardly facing shoulder 108 on the 
anchor body 17. At this time, the upper seal ring 92 is 
disposed above the vent port 93 allowing the hydrostatic 
head of fluid to pass into the previously sealed atmos 
pheric chamber 58 (FIGS. 4, 4a). The hydrostatic head 
of fluid then also acts in an upward direction on the upper 
piston 55 and a downward direction on the lower piston 
59, equalizing or offsetting the hydrostatic head of fluid 
acting om these parts in the opposite direction. With the 
pressure in the tubular string C and externally thereof 
equalized, the springs 29 shift the upper gripping members 
23 inwardly and retract them from the well casing B. 
An upward pull can then be taken on the tubular string C, 

10 

5 

20 

25 

30 

40 

50 

55 

60 

65 

75 

8 
which will be transmitted through the mandrel 0 to the 
anchor body 17, shifting the latter upwardly and carrying 
the upper abutment 30, 34 upwardly away from the lower 
abutment 35, allowing the packing structure 33 to retract 
inherently from the well casing to its initial position. 
Continued upward movement carries the upper sleeve 31 
upWardly, until the stop ring 37 engages the lower abut 
ment 35, which will then shift the expander 36 upwardly 
relative to the slips 45, the inclined tongue and groove 
connections 46, 47 between the slips and the expander 
shifting the slips to retracted position. Upon upward 
movement of the inner setting sleeve 31 to a sufficient 
extent, its piston 55 will engage the slip ring 50 and move 
the outer sleeve 54 upwardly with it. The lower sleeve 
65, release piston 70, lock pin 75, and other structure 
Within the apparatus moves upwardly with the inner sleeve 
3i and the mandrel 10, so that the entire tool A can be 
elevated in the well casing B and removed entirely there 
from at the top of the well bore. 
With the form of invention illustrated in FIGS. 1 to 9, 

inclusive, the mandrel 10 is permitted to move longitudi 
nally within the inner sleeve 31 and the anchor body 
17. However, the mandrel can be secured to the anchor 
body and the sleeve, in which event the lock pin 75 and 
Spring 78 are unnecessary, which is also true of the shear 
Screw 105. As illustrated in FIG. 10, the upper coupling 
12a has been modified so that it is not only threadedly 
attached to the upper end of the mandrel 10, but has 
another left-hand thread 110 for threadedly securing it 
to the upper threaded pin end 111 of the anchor body 17. 
Thus, the mandrel 18, anchor body 17 and inner sleeve 
31 are attached together during running of the tool in 
the well casing and during setting of the well tool, and 
its remaining in set condition, within the well casing. The 
apparatus is operated in the same manner as heretofore 
described to effect its setting in the well casing. Since 
the mandrel 10 cannot move upwardly relative to the 
Setting sleeve 31, the shear screw 05 is unnecessary to 
prevent inadvertent upward movement of the mandrel 10 
to an extent opening the vent or equalizing port 93. When 
the packer is to be released, then the tubing string C is 
rotated to the right, which will cause unscrewing of the 
coupling 12a from the anchor body 17, which will then 
release the mandrel 10 from the anchor body, permitting 
its upward movement until the stop ring 40 engages the 
lower shoulder 108 on the body 17, at which time the seal 
ring 92 is disposed above the vent port 93, opening the 
latter to the hydrostatic head of fluid in the well bore. 
The pressure in and around the apparatus is then equal 
ized, if equalization has not previously occurred, and the 
tubing string C and mandrel 10 moved upwardly, all of 
the parts returning to their initial retracted positions, so 
that the well tool can be elevated in the well casing and 
removed entirely therefrom. 
The inventor claims: 
1. In apparatus adapted to be set in a well bore: a 

body; normally retracted means disposed about said body 
and adapted to be expanded outwardly into engagencInt 
With the Wall of the Well bore; upper actuating means 
engaging an upper portion of said normally retracted 
neans and comprising an upper setting sleeve surround 
ing said body; lower actuating means engaging a lower 
portion of said normally retracted means and comprising 
a lower setting sleeve; hydraulically operable means on 
Said sleeves for shifting said upper and lower actuating 
means relative to each other to expand said normally 
retracted means, said hydraulically operable means on 
each sleeve being slidable along the other sleeve; and 
means for enabling fluid pressure to act on said hydrauli 
cally operable means. 

2. In apparatus adapted to be set in a well bore: a 
body; normally retracted means disposed about said body 
and adapted to be expanded outwardly into engagement 
With the wall of the well bore; upper actuating means 
engaging an upper portion of said normally retracted 
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body for exposing said atmospheric chamber to the hydro 
static head of fluid in the well bore to enable said normally 
retracted means to retract from expanded position. 

10. In apparatus adapted to be set in a well bore: a 
body; normally retracted means disposed about said body 
and adapted to be expanded outwardly into engagement 
with the wall of the well bore; upper actuating means en 
gaging an upper portion of said normally retracted means 
and comprising an upper setting sleeve; lower actuating 
means engaging a lower portion of said normally retracted 
means and comprising a lower setting sleeve; opposed pis 
tons on said sleeves, said piston on each sleeve sealingly 
engaging the other sleeve to provide an atmospheric cham 
ber into which well bore fluid cannot enter initially, said 
pistons being responsive to the hydrostatic head of fluid 
in the well bore for relatively shifting said sleeves and 
upper and lower actuating means to expand said normally 
retracted means; means for preventing the hydrostatic 
head of fluid from shifting said pistons; means for releas 
ing said preventing means to permit the hydrostatic head 
of fluid to shift said pistons and effect expansion of said 
normally retracted means; means operable by said body 
for exposing said atmospheric chamber to the hydrostatic 
head of fluid in the well bore to enable said normally 
retracted means to retract from expanded position; and 
releasable means securing said body to one of said sleeves 
to prevent operation of said exposing means. 

11. In apparatus adapted to be set in a well bore: a 
body; normal retracted means disposed about said body 
and adapted to be expanded outwardly into engagement 
with the wall of the well bore; upper actuating means 
engaging an upper portion of said normally retracted 
means and comprising an upper setting sleeve; lower ac 
tuating means engaging a lower portion of said normally 
retracted means and comprising a lower setting sleeve; 
opposed pistons on said sleeves, said piston on each sleeve 
sealingly engaging the other sleeve to provide an atmos 
pheric chamber into which well bore fluid cannot enter 
initially, said pistons being responsive to the hydrostatic 
head of fluid in the well bore for relatively shifting said 
sleeves and upper and lower actuating means to expand 
said normally retracted means; means releasably inter 
connecting said sleeves to prevent the hydrostatic head of 
fluid from shifting said pistons and sleeves; and hydrau 
lically operable means for releasing said interconnecting 
means to permit the hydrostatic head of fluid to shift 
said pistons and sleeves. 

12. In apparatus adapted to be set in a well bore: a 
body; normally retracted means disposed about said body 
and adapted to be expanded outwardly into engagement 
with the wall of the well bore; upper actuating means 
engaging an upper portion of said normally retracted 
means and comprising an upper setting sleeve; lower ac 
tuating means engaging a lower portion of said normally 
retracted means and comprising a lower setting sleeve; 
opposed pistons on said sleeves, said piston on each sleeve 
sealingly engaging the other sleeve to provide an atmos 
pheric chamber into which well bore fluid cannot enter 
initially, said pistons being responsive to the hydrostatic 
head of fluid in the well bore for relatively shifting said 
sleeves and upper and lower actuating means to expand 
said normally retracted means; means releasably inter 
connecting said sleeves to prevent the hydrostatic head of 
fluid from shifting said pistons and sleeves; releasable 
means securing said body to one of said sleeves; hydrau 
lically operable means initially preventing release of said 
releasable means and for releasing said interconnecting 
means; means for initially preventing fluid pressure from 
acting on said hydraulically operable means; and means 
for shifting said initially preventing means to a position 
permitting fluid pressure to act on said hydraulically 
operable means to shift said hydraulically operable means 
and release said releaseable means and interconnecting 
CaS 

13. In apparatus adapted to be set in a well bore: a 
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12 
body; normally retracted means disposed about said body 
and adapted to be expanded outwardly into engagement 
with the wall of the well bore; upper actuating means 
engaging an upper portion of said normally retracted 
means and comprising an upper setting sleeve; lower ac 
tuating means engaging a lower portion of said normally 
retracted means and comprising a lower setting sleeve; 
opposed piston on said sleeves, said piston on each sleeve 
sealingly engaging the other sleeve to provide an atmos 
pheric chamber into which well bore fluid cannot enter 
initially, said pistons being responsive to the hydrostatic 
head of fluid in the well bore for relatively shifting said 
sleeves and upper and lower actuating means to expand 
said normally retracted means; means releasably inter 
connecting said sleeves to prevent the hydrostatic head of 
fluid from shifting said pistons and sleeves; hydraulically 
operable means for releasing said interconnecting means 
to permit the hydrostatic head of fluid to shift said pistons 
and sleeves; and releasable means securing said body to 
one of said sleeves. 

14. In apparatus adapted to be set in a well bore: a 
body; normally retracted means disposed about said body 
and adapted to be expanded outwardly into engagement 
with the wall of the well bore; upper actuating means en 
gaging an upper portion of said normally retracted means 
and comprising an upper setting sleeve; lower actuating 
means engaging a lower portion of said normally re 
tracted means and comprising a lower setting sleeve; 
opposed pistons on said sleeves, said piston on each sleeve 
sealingly engaging the other sleeve to provide an atmos 
pheric chamber into which well bore fluid cannot enter 
initially, said pistons being responsive to the hydrostatic 
head of fluid in the well bore for relatively shifting said 
sleeves and upper and lower actuating means to expand 
said normally retracted means; means releasably inter 
connecting said sleeves to prevent the hydrostatic head of 
fluid from shifting said pistons and sleeves; hydraulically 
operable means for releasing said interconnecting means 
to permit the hydrostatic head of fluid to shift said pis 
tons and sleeves; and means operable by said body for 
exposing said atmospheric chamber to the hydrostatic 
head of fluid in the well bore to enable said normally re 
tracted means to retract from expanded position. 

15. In apparatus adapted to be set in a well bore: a 
body; normally retracted means disposed about said body 
and adapted to be expanded outwardly into engagement 
with the Wall of the well bore; upper actuating means 
engaging an upper portion of said normally retracted 
means and comprising an upper setting sleeve; lower 
actuating means engaging a lower portion of said nor 
mally retracted means and comprising a lower setting 
sleeve; opposed pistons on said sleeves, said piston on 
each sleeve sealingly engaging the other sleeve to provide 
an atmospheric chamber into which well bore fluid can 
not enter initially, said pistons being responsive to the 
hydrostatic head of fluid in the well bore for relatively 
shifting said sleeves and upper and lower actuating means 
to expand said normally retracted means; means releas 
ably interconnecting said sleeves to prevent the hydro 
static head of fluid from shifting said pistons and sleeves; 
releasable means securing said body to one of said 
sleeves; hydraulically operable means initially prevent 
ing release of said releasable means and for releasing said 
interconnecting means; means for initially preventing 
fluid pressure from acting on said hydraulically operable 
means; means for shifting said initially preventing means 
to a position permitting fluid pressure to act on said hy 
draulically operable means to shift said hydraulically 
operable means and release said releasable means and in 
terconnecting means; and means operable by said body 
after its release from said one sleeve for exposing said 
atmospheric chamber to the hydrostatic head of fluid in 
the well bore to enable said normally retracted means to 
retract from expanded position. 

16. In apparatus adapted to be set in a well bore: a 



3. 
body; normally retracted means disposed about said body 
and adapted to be expanded outwardly into engagement 
with the wall of the well bore; upper actuating means 
engaging an upper portion of said normally retracted 
means and comprising an upper setting sleeve; lower ac 
tuating means engaging a lower portion of said normally 
retracted means and comprising a lower setting sleeve; 
opposed pistons on said sleeves, said piston on each sleeve 
sealingly engaging the other sleeve to provide an atmos 
pheric chamber into which well bore fluid cannot enter 
initially, said pistons being responsive to the hydrostatic 
head of fluid in the well bore for relatively shifting said 
sleeves and upper and lower actuating means to expand 
said normally retracted means; means releasably inter 
connecting said sleeves to prevent the hydrostatic head of 
fluid from shifting said pistons and sleeves; hydraulically 
operable means for releasing said interconnecting means 
to permit the hydrostatic head of fluid to shift said pistons 
and sleeves; releasable means securing said body to one of 
said sleeves; and means operable by said body after its 
release from said one sleeve for exposing said atmos 
pheric chamber to the hydrostatic head of fluid in the 
well bore to enable said normally retracted means to re 
tract from expanded position. 

17. In apparatus adapted to be set in a well bore: a 
body; normally retracted means disposed about said 
body and adapted to be expanded outwardly into engage 
ment with the wall of the well bore; upper actuating 
means engaging an upper portion of said normally re 
tracted means and comprising an upper setting sleeve 
surrounding said body; lower actuating means engaging 
a lower portion of said normally retracted means and 
comprising a lower setting sleeve surrounding said upper 
sleeve and spaced laterally therefrom; a piston connected 
to said upper sleeve and slidably and sealingly engaging 
said lower sleeve; a piston connected to said lower sleeve 
and Sealingly engaging said upper sleeve; said pistons 
and sleeves providing an atmospheric chamber into which 
well bore fluid cannot enter initially; said pistons being 
responsive to the hydrostatic head of fluid in the well 
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bore for relatively shifting said sleeves and upper and 
lower actuating means to expand said normally retracted 
means; means relieasably interconnecting said sleeves to 
prevent the hydrostatic head of fluid from shifting said 
pistons and sleeves; hydraulically operable means for 
shifting said preventing means to a position permitting 
the hydrostatic head of fluid to act on said pistons and 
shift said pistons, sleeves and upper and lower actuating 
means to expand said normally retracted means; means 
operable by said body for exposing said atmospheric 
chamber to the hydrostatic head of fluid in the well bore 
to enable said normally retracted means to retract from 
its outwardly expanded position. 

18. In apparatus adapted to be set in a well bore: a 
body; normally retracted means disposed about said body 
and adapted to be expanded outwardly into engagement 
with the wall of the well bore; upper actuating means 
engaging an upper portion of said normally retracted 
means and comprising an upper setting sleeve surround 
ing said body; lower actuating means engaging a lower 
portion of said normally retracted means and compris 
ing a lower setting sleeve surrounding said upper sleeve 
and spaced laterally therefrom; a piston connected to 
said upper sleeve and slidably and sealingly engaging 
said lower sleeve; a piston connected to said lower sleeve 
and sealingly engaging said upper sleeve; said pistons 
and sleeves providing an atmospheric chamber into which 
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well bore fluid cannot enter initially; said pistons being 
responsive to the hydrostatic head of fluid in the well 
bore for relatively shifting said sleeves and upper and 
lower actuating means to expand said normally retracted 
means; means releasably interconnecting said sleeves to 
prevent the hydrostatic head of fluid from shifting said 
pistons and sleeves; hydraulically operable means for 
shifting said preventing means to a position permitting 
the hydrostatic head of fluid to act on said pistons and 
shift said pistons, sleeves and upper and lower actuating 
means to expand said normally retracted means; means 
operable by said body for exposing said atmospheric 
chamber to the hydrostatic head of fluid in the well bore 
to enable said normally retracted means to retract from 
its outwardly expanded position; and lock means engaged 
by said hydraulically operable means for releasably con 
necting said body to said upper sleeve, said lock means 
being released upon actuation of said hydraulically oper 
able means to shift said preventing means to allow said 
body to move said exposing means to open said atmos 
pheric chamber to the hydrostatic head of fluid in the 
well bore. 

19. In apparatus adapted to be set in a well bore: a 
body; normally retracted means disposed about said 
body and adapted to be expanded outwardly into engage 
nient with the wall of the well bore; upper actuating 
means engaging an upper portion of said normally re 
tracted means and comprising an upper setting sleeve 
Surrounding said body; lower actuating means engaging 
a lower portion of said normally retracted means and 
comprising a lower setting sleeve surrounding said upper 
sleeve and spaced laterally therefrom; a piston connected 
to said upper sleeve and slidably and sealingly engaging 
said lower sleeve; a piston connected to said lower sleeve 
and Sealingly engaging said upper sleeve; said pistons 
and sleeves providing an atmospheric chamber into which 
well bore fluid cannot enter initially; said pistons being 
responsive to the hydrostatic head of fluid in the well 
bore for relatively shifting said sleeves and upper and 
lower actuating means to expand said normally retracted 
means; means releasably interconnecting said sleeves to 
prevent the hydrostatic head of fluid from shifting said 
pistons and sleeves; hydraulically operable means for 
shifting said preventing means to a position permitting 
the hydrostatic head of fluid to act on said pistons and 
shift said pistons, sleeves and upper and lower actuat 
ing means to expand said normally retracted means; 
means operable by said body for exposing said atmos 
pheric chamber to the hydrostatic head of fluid in the 
Well bore to enable said normally retracted means to 
retract from its outwardly expanded position; and means 
releasably connecting said body to said upper sleeve, 
release of said means enabling said body to be moved 
relative to said upper sleeve to operate said atmospheric 
chamber exposing means. 
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