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ABSTRACT: Casing hanger apparatus for hanging a well cas 
ing in a casing head beneath a body of water, in‘which the 
hanger body is locked into the casing; head by the application 
of ?uid pressure, the seal between the casing head and the 
hanger body also being set by ?uid pressure. Such a casing 
hanger in which the seal includes a longitudinally undulated 
metal ring deformable by axial force to expand inwardly and 
outwardly into sealing engagement with inner and outer cylin 
drical walls. 
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HYDRAULICALLY SET CASING HANGER APPARATUS 
AND PACKING SLEEVE 

ln the drilling of oil and gas wells at an underwater site, dif 
ferent casing strings are hurig to protect strata that have been 
drilled through from the pressures that may be required or en 
countered at greater depths. In many cases, a special housing 
is provided at or near the ocean bottom to support and seal off 
the casing string cemented in the well bore. With the special 
housing below water and a drilling rig above water, problems 
are encountered in supporting the casing string, circulating 
?uid for conditioning the well, cementing the casing string in 
the well bore, energizing a seal between the casing hanger and 
a previously set hanger or head, and, after testing the seal, 
removing the running tool and pipe on which the running tool 
is operated. . 

Particularly, in the case of drilling in deep water, where the 
pipe on which the running tool is operated must extend a sub 
stantial distance from the platform or ?oating vessel to the 
ocean ?oor, the application of high torque for setting conven 
tional seals between the casing hanger and the subsurface 
housing or previously set casing hanger is objectionable. 

Moreover, if the casing hanger is anchored in the housing or 
previously set casing hanger by a lock ring which is automati 
cally engaged when the casing hanger lands in the housing or 
previously set hanger, the lock ring must be released in order 
to pull the casing hanger in the event that such pulling is 
necessary or desirable, say, before the cementing operation. 

Accordingly, the present invention provides underwater 
casing hanger apparatus which is set by hydraulic pressure in 
locked or anchored engagement with the subsurface housing 
or previously set casing hanger. 
The invention also provides underwater casing hanger ap 

paratus in which the seal between the hanger body and the 
housing or previously set casing hanger is set by hydraulic 
pressure. 
More particularly, the present casing hanger apparatus pro 

vides ?uid pressure responsive piston and cylinder means for 
shifting anchoring means and sealing means to anchoring and 
sealing positions, when the casing hanger is to be anchored 
and sealed off, following the cementing of the casing string in 
the well bore, without requiring rotation of the running-in 
string of pipe on which the casing hanger is lowered through 
the water to the ocean ?oor and landed in the subsurface 
housing or previously set casing hanger. 

in accomplishing the foregoing, the apparatus includes a 
packer or seal in the form of a sleeve or ring adapted to be 
deformed into sealing engagement with opposing cylindrical 
walls by the application of an axial force, the packer or seal 
comprising a longitudinally undulated deformable metal body 
which is deformed beyond its elastic limit when in engagement 
with the cylindrical walls. ln the speci?cally illustrated em 
bodiment, the packer or seal may also include elastomeric 
material which is also deformed upon the application of a 
force to deform the metal body, the elastomeric material en 
gaging the opposing cylindrical walls to insure the prevention 
of leakage past the metal body. 
An object of the invention is to provide a rugged and effec 

tive casing hanger apparatus capable of being anchored in an 
underwater housing or previously set casing hanger and sealed 
off by ?uid pressure. 
Another object is to provide a packing or seal device in 

which a metal body is defonned inwardly and outwardly into 
effective sealing relation to opposing cylindrical walls. 

This invention possesses many other advantages, 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 speci?cation. 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 de?ned by the 
appended claims. 

Referring to the drawings: 
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2 
FIG. 1 is a view partly in elevation, with parts broken away, 

and showing a casing hanger and associated apparatus in 
stalled in and in association with a well bore underlying a body 
of water; 

FIGS. 2a and 2!) together constitute a quarter longitudinal 
section through casing hanger apparatus embodying the in 
vention and landed in a surrounding hanger body or housing, 
the parts being illustrated in the initial condition which they 
occupy in lowering the apparatus from a drilling rig, FIG. 2b 
being a downward continuation of FIG. 20; 

FIGS. 3a and 3b together constitute a quarter longitudinal 
section, generally similar to FlGS. 2a and 2b, but showing the 
hanger body anchored in the housing or previously set hanger, 
and the seal or packer deformed and sealing off the space 
between the hanger and the housing or previously set easing 
hanger; 
H0. 4 is a transverse section taken on the line 4-4 of FIG. 

217; 
FIG. 5 is a fragmentary longitudinal section illustrating the 

packed-off seal of the invention; and 
FIG. 6 is a fragmentary longitudinal section illustrating a 

modi?ed packed-off seal. 
A typical installation of apparatus embodying the invention 

is illustrated somewhat diagrammatically in H0. 1 in connec 
tion with a well bore A underlying an ocean or other body of 
water and extending downwardly from the ocean ?oor F. A 
suitable base structure B is supported on the ocean ?oor and 
carries an outer casing C of relatively large diameter 
suspended from a casing hanger body or head D resting upon 
an outer housing seat E on the base and locked thereto by a 
suitable lock n'ng G. Disposed within the outer casing is an in 
termediate string of casing H extending down into the well 
bore and suspended from a suitable casing hanger body J rest 
ing upon a companion tapered seat K in the outer body. One 
or a stack of blowout preventers N are connected by means of 
a suitable connector P to the head D, such as by a hydraulic 
connector illustrated in the U.S. Pat. No. 3,32l,2l7, for “ 
Coupling Apparatus for Well Heads and the Like,“ the 
blowout preventers, in turn,‘being connected by a suitable 
hydraulic or other connector R to a flexible joint S, made of 
sections, secured to a marine conductor pipe T extending to 
the drilling rig, which may be located on a drilling platform or 
on a ?oating vessel or structure (not shown). Another string of 
easing Y is disclosed in FIG. 1 as having been supported in a 
hanger W locked in packed-off condition in the intermediate 
hanger body J. 

Referring now to FIGS. 2a and 2b., the casing hanger ap 
paratus W includes a body 10 of annular form having a lower 
hanger thread 11 connected to the downwardly extending cas 
ing Y. The casing hanger body 10 has a downwardly facing 
tapered shoulder 12 adapted to engage an upwardly facing 
seat 13 in the previously set hanger body .I, for example. At its 
upper end, the hanger body it) has an internal left~hand 
threaded section 14 adapted for threaded coengagement by an 
externally threaded flange 15 on a mandrel 16 of a running 
tool, generally denoted at 2. At its upper end, the mandrel 16 
has an internally threaded box 17 adapted to receive the exter 
nally threaded pin end 18 of a running-in string of pipe 19 ex 
tending to the drilling rig. Extending longitudinally through 
the mandrel 16 is a central passage 20 adapted to commu 
nicate with the pipe string 19 and the casing Y. 

Accordingly, it is apparent that the string of easing Y may 
be lowered through the body of water and landed in a housing 
or previously set casing hanger, the downwardly facing 
shoulder 12 of the hanger body 10 supporting the casing string 
Y. Thereafter, cement may be displaced downwardly through 
the pipe string 19 and the mandrel passage 20, and thence 
downwardly through the casing string Y to the bottom thereof, 
then upwardly through the annular space 21 between the cas 
ing Y and the hanger body J, such ?uent cement then passing 
through longitudinal passages 22 provided in the hanger body 
10 and into the space above this hanger body, as is typical in 
the hanging of casing strings from subsurface ‘housings and 
previously set liner hangers and the cementing of casings, as 
herein illustrated. 
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However, it is desired that the hanger body 10 be anchored 
in the body J and that the running tool Z be disconnected from 
the hanger body 10, as well as that the space between the 
hanger body 10 and the body .1 be sealed off. Accordingly, the 
present invention provides anchor means, generally denoted 
at 23, for anchoring the hanger body 10 within the body J; ac 
tuator means, generally denoted at 24, for effecting operation 
of the anchoring means 23; and seal means, generally denoted 
at 25, for effecting a seal between the hanger body 10 and the 
body .1 and also operable by the actuator means 24. 
The mandrel 16 of the running tool Z, at a location spaced 

above the ?ange 15, is provided with a lower annular piston 26 
projecting outwardly therefrom. Spaced above the annular 
piston 26 is an upper annular piston 27, which is threaded as at 
27a, or otherwise suitably connected, to the mandrel '16. A 
loading or cylinder sleeve 28 is reciprocably disposed about 
the piston 27 and the piston 26, suitable side seal rings 29 and 
30 being provided, respectively, between the piston 27 and the 
piston 26 and internal, axially spaced cylindrical walls 31 and 
32 of the loading sleeve 28. internally of and integral with the 
loading sleeve 28 is an internal annular cylinder head 33 hav 
ing a sealing ring 34 adapted for sealing engagement with ex 
ternal cylindrical wall 35 of the tool mandrel 16. This annular 
head 33 is disposed between the lower piston 26 and the upper 
pimon 27 on the mandrel 16 and divides the annular space 36 
between the mandrel and the loading\sleeve 28 into a lower 
annular pressure chamber 37 below the cylinder head 33 and 
an upper pressure chamber 38 above the cylinder head 33. 
The tool mandrel 16 is provided with lower annular ports 39 

leading from the passage 20 through the mandrel into the 
lower chamber 37, the mandrel also being provided with 
upper ports 41) leading from the mandrel passage 20 into the 
upper chamber 38. 
Means are provided for normally closing the lower ports 39 

and the upper ports 48 to prevent fluid communication 
between the mandrel passage 20 and either of the chambers 
37 or 38. In the illustrative embodiment, this means comprises 
a sleeve 41 disposed in the mandrel passage 20 and seating on 
a lower mandrel shoulder 412 provided within the mandrel 
passage 20, The sleeve 41 spans both the lower and upper 
ports 39 and 40, and is provided with suitable side seal rings 
43 and 44 spaced above and below the ports 40 and another 
side seal ring 415 spaced below the lower ports 39. At its upper 
end, the sleeve 41 has an internal channel or groove 46 
providing an inwardly projecting ?ange 47 adapted to be en 
gaged by a suitable tool (not shown) for engaging the ?ange 
47 and moving the sleeve 41 axially upwardly so as to uncover 
the ports 39 and 40 during use of the apparatus, as will be 
hereinafter described, the sleeve 41 being elevated through 
the pipe 19 to the drilling rig. 
At its lower end, the loading sleeve 28 supports the seal 

means 25. More particularly, the seal means 25 includes a sup 
port collar or ring 50, which is detachably secured at its upper 
end to a reduced diameter end portion 51 on the lower end of 
the loading sleeve 28, as by means of a suitable number of cir 
cumferentially spaced shear pins 52. At its upper end 53, the' 
thrust ring 50 is spaced downwardly from a downwardly facing 
shoulder 54 on the loading sleeve 28, so as to allow downward 
movement of the loading sleeve 28 relative to the support ring 
511 when it is desired that the pins 52 be sheared during use of 
the apparatus. 
Below the support ring 511, the seal means 25 includes 

deformable seal means 55, including a longitudinally undu 
lated or waved metallic sealing ring section 56, which is in 
tegral in the illustrative embodiment with the support sleeve 
50, and has at least one inner annular crest 56a and at least 
one ou’iier annular crest 56b. Molded about the undulated 
sleeve section ss is an annular body of rubber or rubberlike, 
elastomeric material 57, the sleeve section 56 having lateral 
holes of openings 58 through which the rubber body extends 
to assist in uniting the rubber with the sleeve section 56. 
At its lower end, the undulated sleeve section 56 has the 

locking means 23 thereon, including a series of downwardly 
extended circumferentially spaced deformable lock ?ngers 
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4 
59. As seen in FIG. 4, these ?ngers 59 are of such extent on‘ 
cumfere’ntially as to be readily ?exed outwardly and are in 
such number as to positively anchor the casing hanger body 10 
against the hanger body seat 13 and to the hanger body J. as 
well as to anchor the sealing means 25 against displacement 
after actuation of the seal means and the anchor means, as will 
hereinafter be described, whereby to effect outward expan 
sion of the lock ?ngers 59 into an annular channel or internal 
groove 60 formed within the body 1. This groove 60 has an 
outer downwardly and outwardly ?aring wall 6l-and a lower 
substantially horizontal wall 63 which, in the illustrative em 
bodiment, is slightly downwardly and inwardly‘inclined from a 
true horizontal plane. 
When the casing hanger assembly, includingthe running 

tool 2, are to be conditioned to be run into the body J. the seal 
sleeve 41 will be in place in the mandrel bore 20, closing the 
parts 39 and 40; and the ‘lower chamber 37 may be pressurized 
by the application of oil or other ?uid thereto under pressure, 
so as to hold the internal cylinder head 33 of the loading 
sleeve 28 in an upper position substantially in engagement 
with the upper piston 27. Such ?uid pressure may be applied 
through a port 37a in the sleeve 28 leading'into the chamber 
37 from the outside of the loading sleeve 28, and, when the 
cylinder head 33 is in abutting engagement with the upper 
piston 27, this port 37a may be closed by a suitable plug 37!) 
which is threaded into an internally threaded bore 370 of the 
ports 37a in the loading sleeve 28; Another port 38 a leads 
into the pressure chamber 38 from the outside of the loading 
sleeve 28 and is adapted to be closed by a plug 38b which is 
threadedly engaged in a threaded bore 38c in the loading 
sleeve 28. This port 380 allows the bleeding off of any ?uid 
from within the chamber 38 when the tool assembly is being. 
conditioned for running by applying pressure into the 
chamber 37, whereupon the plug 38b may be installed to close 
off the chamber 38 from the escape of ?uid outwardly from 
the loading sleeve 28. 

Following landing of the hanger body 10 on the shoulder 13' 
of the body J and cementing of the casing Y in place, as 
hereinafter described, the sleeve 41 will be pulled from the 
mandrel passage 20 by a suitable recovery tool, as is well‘ 
known in the oil well equipment ?eld, and will be recovered 
from the upper end of the drill pipe 19. 

Thereafter, a loading dart, generally denoted at 70 in H6. 
3a, will be lowered through the drill string 19, or dropped 
therethrough, so as to land upon the internal shoulder 42 
within the mandrel passage 20. This dart 70 includes an elon-_ 
gate body 71 having a lower cylindrical section 72 provided 
with a side seal ring 73 adapted to sealingly engage within the 
mandrel passage 20 below the lower ports 39. The dart body 
71 also has an upper cylindrical section 74 provided with side 
seal rings 75 adapted for sealing engagement within the bore 
20 of the mandrel 16 above and below the upper ports 40. The 
dart body 71, in its lower end section 72, has a transverse 
passage or passages 76, which communicates with the ports 39 
and with a downwardly opening central passage 78 leading 
into the mandrel bore 20 at the bottom of the dart 70. The 
upper cylindrical section 74 of the dart 70 has a suitable 
number of radial passages or ports 79 communicating with the 
ports 40 and with a like number of upwardly extending 
passages 80 which open upwardly into the mandrel bore 20'. 
At its upper end, the body 71 of the dart 70 has a ?shing neck 
81 provided with an enlarged head 82, which has a 
downwardly facing shoulder 83, whereby the dart 70' may be 
engaged by a suitable ?shing tool (not shown) and pulled from 
the mandrel passage 20 upwardly through the drill pipe 19, 
when desired. 

With the dart 70 in place, as shown in FIG. 3a, the lower 
chamber 36 between the piston 26 on the mandrel l6 and the 
internal cylinder head 33 of the loading sleeve 28 may exhaust’ 
into the mandrel passage 20 below the dart, and the upper 
chamber 38 between the loading sleeve head 33 and the upper 
piston 27 is in communication with the mandrel passage 20 
above the dart. Therefore, ?uid under pressure may be sup 
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plied to the chamber 38 through the ports 80, 79 and 40, so as 
to apply ?uid pressure to the head 33 to force the loading 
sleeve 28 downwardly, the liquid in the lower chamber 36 ex 
hausting through the passages 39, 76, 78. Such downward 
movement of the loading sleeve 28 will cause corresponding 
downward movement of the seal support ring 50 and the 
deformable seal means 55 carried thereby, causing engage 
ment of the deformable metal lock ?ngers S9 with an inclined 
or conical expander surface 59a of the portion of the hanger 
body 10 providing the supporting shoulder I2, which will ef 
fect outward expansion and de?ection of the lock ?ngers 59 
into the channel 60 of the body J. The application of further 
and increased pressure in the chamber 38 will shear the pin 52 
and contact the shoulders 54, 53, further downward move 
ment of the support ring 50, following outward de?ection or 
deformation of the lock ?ngers 59, causing foreshortening of 
the undulated sleeve section 56 and movement of its crests 
toward the walls 10a, 10b of the hanger bodies 10 and .l, and 
deformation of the elastomeric body 57 into tight sealing con 
tact with the opposing cylindrical walls 10a and 10b of the 
hanger body I0 and the outer hanger body .l . 
The lock ?ngers 59 and the undulated sleeve portion 56 of 

the seal means 55 may be composed of mild steel or other mal 
leable material, which, when expanded as illustrated in FIG. 
3b, for example, will be deformed beyond their elastic limit 
and will retain their deformed shape. Thus, the undulated sec 
tion 56 of the seal means 55 will be so deformed so as to effect 
virtual metal-to-metal contact between the inner crests 56a 
and the outer crests 56b of the undulated. sleeve section 56. 
Under these circumstances, the elastomeric material 57 will 
?ll the spaces between the undulations to assist in the preven 
tion of leakage. A slight thickness of elastomeric material 
might be trapped between the crests 56a, 56b and the cylinder 
walls 10a, 10b. 
The sealing relation between the inner crests 56a and the 

outer crests 56b of the undulated seal sleeve section 56 is 
more particularly illustrated in FIG. 5, in which the elastomer 
ic material 57 is also shown as being caused to extrude into 
and ?ll the spaces between the adjacent undulations. 
As seen in FIG. 6, a modi?ed seal construction is illustrated 

in which an undulated seal sleeve section 156 is illustrated, 
having at least one inner crest 156a and at least one outer 
crest l56b deformed, in response to axial compressive force 
applied thereto, into tight sealing engagement with the oppos 
ing cylindrical walls 100 and 10b. The undulations or corruga 
tions in either of the seal sleeves 56 or 156 are circum 
ferentially continuous, so that the inner crests 56a or 156a and 
the outer crests 56b or 156b, as the case may be, will effect cir 
curnferentially continuous inner and outer sealing engagement 
with the opposed cylindrical walls. 

In the use of the apparatus, the casing hanger assembly, with 
the loading sleeve 28 in the upper position of FIGS. 20 and 2b 
and with the sealing sleeve 41 in place, is connected to the 
threaded pin 18 of the drill pipe 19, so as to be lowered 
through the body of water into seating engagement with the 
shoulder 13 in the previously set hanger body or casing J. 
Thereafter, a circulating ?uid may be displaced downwardly 
through the drill pipe 19, passing through the mandrel passage 
20 and downwardly into the casing Y, thence upwardly 
through the annulus 21 and then ?owing through the ports 22 
of the hanger body 10, upwardly through the seal means 25 
into a space between the mandrel 16 and the loading sleeve 
28. Below the piston 26 on the mandrel l6, circulating ?uid 
will pass through parts 28a externally of the loading sleeve 28 
and thence may ?ow upwardly into the space between the 
loading sleeve 28 and the casing hanger body J. ‘ 

Following the circulation of suitable well conditioning ?uid 
for the desired period of time, a quantity of pumpable cement 
slurry may be displaced downwardly through the pipe 19 be 
hind the circulating ?uid and may follow a similar course until 
the quantity of cement slurry has been displaced to ?ll or sub 
stantially ?ll the annulus 2l. Thereafter, a suitable recovery 
tool will be run into the pipe I9 and engaged with the ?ange 
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47 of the seal sleeve 41, and the seal sleeve 4I recovered. The 
dart 70 will then be dropped into the pipe I9, or, if necessary, 
run into a seated position within the mandrel I6 so as to allow 
the application of ?uid pressure to the 'upper pressure 
chamber 38 and the exhaust of the lower chamber 36. In 
response to the application of such ?uid pressure in the upper 
chamber 38. the loading sleeve 28 will be forced downwardly, 
moving the seal means 25 and the: anchor means 23 
downwardly, effecting the outward deformation of the lock 
?ngers 59, as previously described, and also effecting axial 
and circumferential deformation of the metallic undulated 
seal ring 56 and the elastic body 57, if the seal ring includes 
such elastomeric material, the shear pins 52 being disrupted 
prior to application of maximum pressure to the cylinders 28, 
33 in effecting a leak~proof seal. The application of ap 
propriate ?uid pressure in the chamber 38 will complete ex 
pansion of the sealing means 25 and locking of the ?ngers 59 
in the groove 60, whereupon the entire running tool Z will be 
free for recovery from the hanger body I0. 

In order to recover the running tool Z, the running string of 
pipe will be rotated to the right to disconnect the left-hand 
threaded connection between the ?ange 15 of the tool man 
drel I6 and the internally threaded section 14 of the hanger 
body 10. When the left-hand thread is disconnected. upward 
movement of the running string 19 will move the tool mandrel 
l6 upwardly until the piston 26 thereon engages the head 33 
of the loading sleeve 28 to lift the latter, permitting the entire 
assembly to be moved upwardly from the casing head or 
hanger body 1, minus the hanger body I0, and the packed-off 
and anchored seal means 25. Prior to elevating the running 
tool Z, it is desirable to remove the dart 70 from the mandrel 
I6 to permit the ?uid in the drill pipe 19 to drain during its 
elevation to the drilling rig. 

Iclaim: - 

1. In well bore casing apparatus for supporting an inner 
string of casing in an outer string of easing supported by an 
outer casing hanger providing a seat: an inner casing hanger 
body including a body portion engageable with said seat, a 
mandrel adapted to be connected to a running string of pipe, 
means relcasably connecting said mandrel to said body, seal 
means shiftably carried by said mandrel for movement lon 
gitudinally of said mandrel from a first position to a second 
position in sealing engagement with said body and said outer 
casing hanger, and actuator means shiftable longitudinally of 
said mandrel for moving said seal means to said second posi~ 
tion, said seal means including an axially deformable metallic 
ring of axially undulate form having inner and outer annular 
portions respectively inwardly and outwardly deformable into 
sealing relation with said body and said outer casing hanger 
upon axial deformation of said ring u'pon movement of said 
seal means to said second position. 

2. In well bore casing apparatus as de?ned in claim I; said 
seal means further comprising an annular body of elastomeric 
material in which said ring is embedded. 

3. In well bore casing apparatus as de?ned in claim 1; and 
means for shifting said actuator means including piston and 
cylinder means on said mandrel and said actuator means 
de?ning a pressure chamber, and means for applying ?uid 
pressure to said chamber to move said actuator means. 

4. 'In well bore casing apparatus as de?ned in claim I; 
anchor means movable on said mandrel by said actuator 
means and engageable with said outer casing hanger. 

5. In well bore casing apparatus as de?ned in claim I; 
anchor means movable on said mandrel by said actuator 
means and engageable with said outer casing hanger, said 
anchor means being connected to said seal means and mova 
ble therewith. 

6. In well bore casing apparatus as de?ned in claim I; 
anchor means engageable with said outer casing hanger body 
responsive to movement of said actuator means longitudinally 
of said mandrel, said anchor means having a plurality of cir 
cumferentially spaced longitudinally extended lock ?ngers, 
said outer casing hanger having ‘a recess for receiving said ?n 
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gers, and‘said inner casing hanger body having means for 
deforming said ?ngers outwardly ‘into said recess upon move 
ment of said actuator means, 

7. ln well bore casing apparatus as de?ned in claim I; 
anchor means engageable with said outer casing hanger body 
responsive to movement of said actuator means longitudinally 
of said mandrel, said anchor means having a plurality of cir 
cumferentially spaced longitudinally extended lock ?ngers, 
said outer casing hanger having a recess for receiving the ends 
of said ?ngers, and said mandrel having means for deforming 
said ?ngers outwardly into said recess upon movement of said 
actuator means, and including means connecting said anchor 
means to said actuator means and releasable following out 
ward deformation of said lock ?ngers to disconnect said ac 
tuator means from said anchor means, means connecting said 
mandrel to said body and releasably to disconnect said man 
drel from said body, t 

8. In well bore casing apparatus as de?ned in claim I; 
anchor means engageable with said outer casing hanger 
responsive to movement of said actuator means longitudinally 
of said mandrel, and means releasably connecting said man 
drel to said anchor means and releasable following engage 
ment of said anchor means with said outer casing hanger. 

9. In well bore easing apparatus as de?ned in claim 8; said 
means releasably connecting said mandrel to said anchor 
n cans including shear pins. 

10. In well bore casing apparatus for supporting an inner 
string of casing in an outer string of easing supported by an 
outer casing hanger providing a seat: an inner casing hanger 
body including a body portion engageable with said seat, a 
mandrel adapted to be connected to a running string of pipe, 
means releasably connecting said mandrel to said body, 
anchor means shiftably carried by said mandrel for movement 
longitudinally of said mandrel from a retracted position to an 
expanded position locked to the outer casinghanger, said 
anchor means comprising a plurality of circumferentially 
spaced longitudinally extending lock ?ngers, said outer casing 
hanger having a recess for receiving said ?ngers, said inner 
casing hanger body having means engaged by said ?ngers 
upon longitudinal movement of said anchor means for ex 
panding said ?ngers outwardly into said recess, and means for 
shifting said anchor means longitudinally of said mandrel. 

ill. In apparatus as de?ned in claim 10; said shifting means 
including piston and cylinder means on said mandrel de?ning 
a pressure chamber, and means for applying fluid pressure to 
said chamber to longitudinally shift said anchor means. 

12. In well bore casing apparatus for supporting an inner 
string of casing in an outer string of easing supported by an 
outer casing hanger providing a seat: an inner casing hanger 
body including a body portion engageable with said seat, said 
outer casing hanger and said body having opposing walls form 
ing an annular space, said body portion having passage means 
leading between said annular space and the space between 
said outer and inner casings, a mandrel adapted to be con 
nected to a running string of pipe and having a central passage 
therethrough, a loading sleeve longitudinally shiftable on said 
mandrel, seal means and anchor means operable by said load 
ing sleeve and respectively movable from ?rst positions to 
second positions forming a seal in said annular space and 
anchoring said body in said outer casing hanger, and ?uid 
pressure operated means for moving said loading sleeve lon 
gitudinally of said mandrel to move said seal means and said 
anchor means from said ?rst positions to said second posi 
tions. 

20 

25 

30 

35 

45 

55 

60 

65 

75 

8 
13. In well bore casing apparatus as de?ned in claim [2; 

means releasably connecting said seal means and said anchor 
means to said loading sleeve and releasable following move 
ment of said seal means and said anchor means to said second 
positions, and means releasably connecting said mandrel to 
said body and releasable followingtrelcase of said seal means 
and said anchor means from said loading sleeve. 

14. In well bore casing apparatus as de?ned in claim 12; said 
seal means including/an axially deformable metallic ring ofax 
ially undulate form having inner and outer annular portions 
respectively inwardly and outwardly deformable into sealing 
relation with said opposing walls upon axial deformation of 
said ring. " 

15. In well bore casing apparatus as de?ned in claim 12; said 
seal means including an axially deformable metallic ring of ax 
ially undulate form having inner and outer annular portions 
respectively inwardly and outwardly deformable into scaling! 
relation with said opposing walls vupon axial deformation of 
said ring, and an annular body of elastomcric material in 
which said ring is embedded and deformable therewith into 
sealing engagement with said opposing walls. 

16. In well bore casing apparatus as de?ned in claim 12; said 
seal means including an axially deformable metallic ring of ax 
ially undulate form having inner and outer annular portions 
respectively inwardly and outwardly deformable into sealing 
relation with said opposing walls upon axial deformation of 
said ring, and said anchor means including a plurality of cir 
cumferentially spaced laterally deformable lock ?ngers de 
pending from said ring, said body having a wedge portion en 
gageable by said ?ngers upon movement of said anchor means 
to said second position for deforming said ?ngers outwardly, 
and said outer casing hanger havinga lock ?nger receiving‘ 
recess. 

17. In well bore easing apparatus as de?ned in claim 12; said 
?uid pressure operated means including means providing a 
pressure chamber between said mandrel and said loading 
sleeve, a port leading between said mandrel passage and said 
chamber, and means for closing said port. ' 

18. In well bore casing apparatus as de?ned in claim 12; said 
?uid pressure operated means including means providing a 
pressure chamber between said mandrel and said loading 
sleeve, a port leading between said mandrel passage andsaid 
chamber, and means for closing said port comprising a sleeve‘ 
removably disposed in said body passage and having means 
engageable by a ?shing tool for effecting removal of said 
sleeve and opening .of said port for admission of pressure from 
said mandrel passage to said chamber to move said loading 
sleeve along said mandrel in one direction. 

19. In well bore casing apparatus as de?ned in claim 12; said 
?uid pressure operated means including means providing 
upper and lower pressure chambers between said mandrel and 
said loading sleeve, upper and lower ports leading between 
said mandrel passage and said upper and lower pressure cham 
bers, means in said mandrel for closing said ports‘ and remova~ 
ble from said mandrel passage to open said ports, said lower 
chamber having ?uid therein when said lower port is closed to 
hold said loading sleeve against movement on said mandrel, 
and means movable in said mandrel passage for forming a seal 
between said ports and providing an inlet from saidv mandrel 
passage to said upper chamber and an outlet from saidlower 
chamber to said mandrel passage, whereby pressure supplied 
to said upper pressure chamber will effect movement of said 
loading sleeve along said mandrel. 


