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9 Claims 

ABSTRACT OF THE DISCLGS‘URE 

A pipe hanger particularly suited for on-bottom sus 
‘ pension of casing in a well with a ?uted dog cage car 
rying radially expandable and contractable dogs for lock 
ing the hanger to an outer surrounding pipe, and latching 
rods extending through the dogs to releasably hold the 
dogs in contracted position. 

The present invention pertains to a well apparatus and 
more particularly to a pipe hanger for supporting an inner 
pipe at a predetermined location in an outer pipe. 
As is well known, an underwater well can be drilled 

from a drilling rig on or above the surface of the water. 
After it is drilled, the surface conductor may be stripped 
down to the ocean ?oor and the well temporarily aban 
doned until the drill rig is moved and a production plat 
form has been built. The surface conductor is then ex 
tended ‘back to the surface and a conventional wellhead 
is mounted on the platform to seal ‘between the several 
strings of pipe. 
A problem arises with this method of installation if 

an attempt is made to support the inner strings of pipe at 
the upper end of the surface conductor. In the offshore 
areas in which these wells are ‘drilled, the water may be 
from 100 to 500 or more feet deep. It is thus evident 
that a surface conductor of perhaps 500‘ feet long and 
having no lateral support would collapse if subjected to 
the excessive compressive load that would be applied if 
subsequent inner strings of pipe were hung from the upper 
end of the conductor. 

It is thus desirable to hang these inner strings of pipe 
at the ocean floor or at a location where there is su?i 
ciently solid formation to support the ‘weight. 

It is an object of the present invention to provide an 
improved apparatus for supporting an inner pipe at a 
predetermined location in an outer pipe. 

Another object is to avoid the application of undue 
compressive stress to a long unsupported surface conduc 
tor of an underwater well installation. 
Another object is to provide a hanger for supporting an 

inner pipe from a recessed coupling in an outer pipe. 
Another object’ is to hang an inner pipe at the most .. 

advantageous location in an outer pipe of an underwater 
well whether this location be at the ocean ?oor or above 
or below the ocean floor. 

Another object is to provide a pipe hanger which can 
be latched in a retracted condition but which is auto 
matically unlatched into a seating condition as the hanger 
is being installed in a well. 
Another object is to provide a pipe hanger which can 

be retrieved from the well. 
These, together with other objects, will become ap 

parent upon reference to the following description and 
accompanying drawings, in which: 
FIGURE 1 is a side elevation, partially broken away, 

of a well apparatus including a casing hanger embodying 
the present invention. 
FIGURE 2 is a side elevation of the subject casing 

hanger being lowered with its attached inner pipe through 
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a casing head and outer pipe, the latter being partially 
broken away. 
FIGURE 3 is a side elevation of the well apparatus 

showing how the subject casing hanger suspends the inner 
pipe within the outer pipe. 

Referring more particularly to the drawings, the casing 
hanger of the present invention is generally identi?ed by 
the numeral 10 (FIG. 1). The casing hanger includes a 
tubular mandrel 12 having a cylindrical lower portion 14 
provided with external threads 15 at its lower end. The 
mandrel also includes a cylindrical upper portion 16 
having a diameter greater than the diameter of the lower 
portion 14 and being provided with internal threads 18 
and lower and upper edges 20 and 22. A plurality of 
elongated splines 25 are provided on the lower portion 
in circumferentially spaced relation therearound and ex 
tend from the lower edge 20 of the upper portion 16 of 
the mandrel downward along the lower portion to lower 
beveled ends 26‘. 
The hanger 10 also includes a tubular adapter 30, hav 

ing a cylindrical shank portion 32 threaded into the in 
ternal threads 18 of the mandrel 12, and a cylindrical 
coupling portion 34 diametrically larger than the shank 
portion and longitudinally spaced from the upper edge 
22 of the mandrel. This coupling portion has an internal 
landing thread 36 of minimum diameter and an internal 
re-entry thread 38 of larger diameter than the landing 
thread. These threads 36 and 38 are of opposite hands, 
that is for example the landing thread is left-hand and the 
re-entry thread is right-hand, is being understood that the 
reverse could just as well ‘be employed. 

Further considering the casing hanger 10 (FIG. 1), 
it includes a tubular dog cage 44 having a cylindrical body 
46 circumscribing the lower portion 14 of the mandrel 
12 and being provided with an inner cylindrical surface 
47 having longitudinal slots 48 which receive the splines 
25. Mounted in this manner, the body is axially slidable 
on the lower portion of the mandrel 12 but cannot rotate 
with respect to the mandrel. The 'body of the dog cage 
has circular upper and lower edges 50 and 52, and a 
plurality of circumferentially spaced ribs 54 project radi 
ally outward from the body at the same locations as the 
slots 48 so as to de?ne lengthwise flutes between the ribs. 
These ribs have beveled upper and lower ends 55 and 
?at outer faces 56. 
The dog cage 44 also has rectangular, longitudinally 

disposed windows 62 extending radially through the body 
and the ribs 54 so as to open both interiorly and exteriorly 
of the cage. Each window has upper and lower surfaces 
64 and 65, and the cage provides a plurality of longi 
tudinally extending bores 67 opening into the windows 
through these upper and lower surfaces, it being noted 
that the upper portions of these lbores open from the 
upper end of the cage, whereas the lower portions of these 
bores terminate just below the lower surfaces. A shear 
pin 69 extends through the dog cage and the lower por 
tion 14 of the mandrel 12 temporarily and releasably to 
preclude axial movement of the dog cage on the mandrel. 

Hanger dogs 75 are individually positioned in the win 
dows 62, each dog having upper and lower surfaces 76 
and 77 respectively slidably engaging the upper and lower 
surfaces 64 and 65 of their associated windows, an upper 
downwardly and outwardly declined bevel 80, a hole 82 
pocket 84 opening inward toward the lower portion 14 
extending lengthwise therethrough, an upper and lower 
of the mandrel 12. The dogs are thus mounted for move 
ment radially of the cage 44 between seating or hanging 
positions (FIG. 3) projecting outward from their respec 
tive ribs 54 and retracted positions (FIG. 1) located sub 
stantially entirely within their respective windows 62 and 
in which retracted positions their respective holes 82 are 
in alignment with the associated bores 67 in the cage. 
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Spring units 86 are provided for yieldably urging the 
dogs 75 into their seating positions. Each spring unit in 
cludes a curved leaf spring 88 positioned between the 
lower portion 14 of the mandrel 12 and its respective dog 
75 and a coiled spring 90 disposed in the pockets 84 and 
having opposite ends bearing against their associated dog 
and the opposite ends of their corresponding leaf sping. 
It is to be noted from FIGURE 1 that each leaf spring 
has an outwardly lbowed intermediate portion bearing 
medially outward against the dog and upper and lower 
ends bearing inwardly against the lower portion of the 
mandrel; in addition, the upper ends, in particular, of 
these leaf springs are curved slightly outward to permit 
the entry of the lower beveled ends 26 of the splines 25 
behind the leaf springs when the dog cage 44 moves 
axially upward with respect to the mandrel 12, as will 
be described subsequently. 
A signi?cant feature of the present casing hanger 10 

is the provision of a latching mechanism 95 (FIG. 1) for 
releasably retaining the dogs 75 in retracted positions. 
This latching mechanism includes a ‘plurality of dog re 
lease blocks 96, of generally rectangular shape (FIG. 2), 
having upper and lower bevels 98 (FIG. 1), a lower end 
face 99, a ?at outer face 100, and a transversely extend 
ing dovetail groove 102 intermediate the upper and lower 
bevels. Shear pins 104 releasably interconnect the blocks 
and the upper portion 16 of the mandrel 12 thereby lo 
cating the blocks in circumferentially spaced positions 
and at the same elevation about the mandrel in individu 
ally vertical alignment with the ribs 54 of the dog cage 
44. For a purpose to be described, a spring band 106 en 
circles the blocks 96 and is slidably ?tted in the dove 
tail grooves 102. The band yieldably urges the blocks 
against the upper portion 16 of the mandrel 12 and has 
spaced ends 108. 
The latching mechanism 95 also includes a plurality of 

rigid rods 115 having upper heads 117 individually con 
nected to the lower ends of the blocks 96 and shanks 119 
downwardly sida-bly ?tted through the aligned bores 67 
and holes 82 in the dog cage 44 and dogs 75, it being 
noted that the rods have lower ends 120‘ ?tting in the 
lower portions of the bores 67 ‘below the lower surfaces 
65 of the windows 62 (FIG. 1), this being the latched 
position of each rod. The blocks and their attached rods 
are relatively movable away from the dog cage 44 so as 
to withdraw the rods from the holes 82 in the dogs 75 
(FIG. 3), this being the unlatched position of each rod 
wherein the dogs are released for movement into their 
seating positions. The manner in which this relative move 
ment occurs will be described subsequently. 
The casing hanger 10 is connected to an inner pipe 130 

(FIG. 1) by a ?uted guide collar 132 which is threaded 
onto the upper joint of the inner pipe and also onto the 
external threads 15 of the lower portion 14 of the mandrel 
12. In order to lower the casing hanger 10 and the inner 
pipe 130 into the Well, a running string 136 is connected 
to the casing hanger by a landing sub 138. The landing sub 
has lower external threads 139 threaded into the landing 
thread 36 of the adapter 30. 
With particular reference to FIGURES 2 and 3, the 

well, in which the subject casing hanger is to be used, 
includes a casing head 145 (FIG. 2) connected to an 
outer pipe or surface casing 146, which includes an upper 
section 148 having an upper edge 150, and a lower sec 
tion 152 (FIG. 3); the upper section may be several 
hundred feet long. A coupling 154 is threaded onto the 
lower end of the upper section and is connected to the 
lower section by a collar 156. The coupling cooperates 
with the casing hanger, in a manner to be seen, and for 
this purpose includes an annular recess 158 having an up 
per beveled edge 159 and a lower seat 160. Usually the 
coupling 154 is located adjacent to the ocean ?oor al 
through it could be connected in the outer pipe at positions 
higher or lower in the hole than the ocean ?oor. In ac 
cordance with the purpose of the invention, however, the 
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4 
coupling should be located where there is solid formation 
to support it. 

In operation, the running string 136 lowers the casing 
hanger 10 and inner pipe 130 through the casing head 
145 and the outer pipe 146, it being noted that initially 
the rods 115 are in their latched positions with the dogs 
75 being in their retracted positions, as shown in FIG 
URE 1. As the blocks 96 descend through the casing head, 
they eventually engage the upper edge 150 of the casing 
head and are prevented from moving farther downward 
since the maximum diameter across the blocks is greater 
than the inside diameter of the outer pipe. Because of the 
weight imposed on the mandrel 12 by the inner pipe 130, 
however, the shear pins 104 break and the mandrel con 
tinues to move down relative to the blocks 96. Further 
more, since the dog cage 44 is connected to the mandrel 
by the shear pin 69, the dog cage also moves down with 
the mandrel. When the lower end faces 99 of the blocks 
96 are above the upper edge 22 of the mandrel 12 (com 
pare FIGS. 2 and 3), the spring band 106 draws the blocks 
inward against the shank portion 32 of the adapter 30‘, 
whereupon the maximum diameter across the blocks is 
now less than the internal diameter of the outer pipe 146. 
Therefore, the blocks are free to move downward through 
the outer casing with the casing hanger 10. 

During the above-described relative movement between 
the mandrel 12 and the blocks 96, there was also rela 
tive movement between the dog cage 44 and the rods 115 
causing withdrawal of the rods from the cage. When the 
lower end faces 99 of the blocks 96 are above the upper 
edge 22 of the mandrel 12, the lower ends 120 of the rods 
115 are above the upper surfaces 64 of the windows 62 
in the cage 44 so that the dogs are released for movement 
into their seating positions. Therefore, when the blocks 96 
have been drawn inward against the adapter 30 and the 
blocks move downward with the mandrel within the outer 
pipe 146, the spring units 86 are urging the dogs outward 
against the inner surface of the outer pipe. 
The outwardly urged dogs 75 slide down along the in 

ner surface of the outer pipe 146 and eventually register 
with the recess 158 in the coupling 154 whereupon they 
are urged outward into the recess with their lower surfaces 
77 resting on the seat 160 in the recess. With the dogs in 
seating position within the coupling, further downward 
movement of the dog cage 44 is arrested. However, the 
weight of the inner pipe 130 breaks the shear pin 69 and 
causes the mandrel 12 to move downward relative to the 
dog cage 44. Thus, the splines 25 slide back of the leaf 
springs 88 thereby ?rmly and dependably locking the dogs 
75 in their seating positions. When the lower edge 20 of 
the upper portion 16 of the mandrel 12 comes to rest on 
the upper edge 50 of the dog cage (FIG. 3), the inner 
pipe 130 is hung in the well. That is, the mandrel which 
carries the inner pipe, is supported on the dog cage which, 
in turn, is supported in the coupling by the dogs 75. 

It is to be noted that during downward movement of 
the mandrel 12 relative to the dog cage 44, the shank por 
tion 32 of the adapter 30 slides downward relative to the 
blocks 96; the reason for this is that the lower ends 120 
of the rods 115 engage the upper surfaces 76 of the dogs 
75 thereby precluding downward movement of the rods 
and the blocks. 

After the inner pipe 130 is hung, other operations 
within this pipe can be conducted. When it becomes time 
to move the rig at the surface of the water, the running 
string 136 and the landing sub 138 are rotated to back out 
the landing sub from the adapter 30. Subsequently, when 
it is desired to re-extend connections to the surface of 
the water, the running string 136 is again lowered, but this 
time a different landing sub, not shown, is attached to 
the running string for threading into the re-entry thread 
38 which can be done by rotating the running string and 
landing sub in the same direction as that used to ‘back oif 
the landing sub 138. — 

If desired, the casing hanger 10 can be lifted upward 
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relative to the coupling 154. In this instance, the running 
string 136 lifts the adapter 30 and the mandrel 12 rela 
tive to the dog cage 44 until the splines 25 are above the 
spring units 86. Further upward lifting on the casing 
hanger causes the engaging upper beveled edge 159 and 
the upper bevels 80 to cam the dogs 75 out of the recess 
158 thereby allowing the casing hanger to move upward 
relative to the coupling. 

It will be understood from the foregoing description 
that the subject casing hanger supports the inner string 
of pipe at a selected location in the outer pipe, depending 
on where the recessed coupling is located in the outer 
pipe. In an underwater well, this recessed coupling is nor 
mally located adjacent to the ocean ?oor or where there 
is adequate formation to support it so that the surface 
conductor, which extends from the ocean ?oor to the sur 
face of the water, does not bear the weight of the inner 
strings of pipe and is thus not under undue compressive 
load. This surface conductor will, therefore, support only 
its own weight. 
Although a preferred embodiment of the present inven 

tion has been shown and described, it will be understood 
that various changes and modi?cations may be made in 
the details thereof without departing from the spirit and 
scope of the appended claims. 
Having thus described the invention, What is new and 

desired to be secured by Letters Patent is vas follows: 
1. In a well apparatus including an outer pipe, an inner 

pipe within the outer pipe, at mandrel connected to the 
inner pipe, means for lowering the mandrel and the inner 
pipe within the outer pipe, a dog-supporting member 
mounted on the mandrel, and a dog in the supporting 
member movable transversely of the pipes between an 
outer position projected outward from the supporting 
member and an inner position withdrawn from said outer 
position, means urging said dog toward said outer posi 
tion, means in contact with said dog for holding the dog 
in its inner position, said holding means slidably extending 
through said dog, means responsive to movement of the 
mandrel through the outer pipe for withdrawing said hold 
in-g means completely from said dog to release said dog 
for movement into its outer position, and means on the 
outer pipe to receive said dog when said dog is in its outer 
position. 

2. The apparatus of claim 1 wherein said dog support 
ing member provides a window in which said dog is 
transversely movable, and wherein said actuating means 
includes a rod slidably extending through said supporting 
member and dog. 

3. The apparatus of claim 1 wherein said mandrel in 
cludes an upper portion of predetermined diameter, an 
adapter having a shank connected to and of a smaller out 
side diameter than said upper portion of the mandrel, and 
wherein said actuating means includes a block and means 
urging and retaining the block against said upper portion 
of the mandrel, said upper portion and shank being mov 
able relative to the block upon engagement of the block 
with the outer pipe during movement of the mandrel with 
in the outer pipe thereby to actuate said holding means 
out of contact with said dog and allow said dog to be 
received within said receiving means thereby hanging said 
inner pipe within said outer pipe, said dog, dog receiving 
means and mandrel being so constructed and arranged 
that said dog will not move out of said receiving means 
in said second position. 

4. The apparatus of claim 3 wherein there are a plu 
rality of said dogs and blocks and wherein said urging 
means is a spring band embracing said blocks. 

5. The apparatus of claim 3 wherein said holding 
means is a rod slidably extending through said dog sup 
porting member and dog and connected to said block. 

6. In a well apparatus including an outer pipe having 
‘an abutment, a coupling connected to the outer pipe and 
providing an internal annular recess spaced below said 
abutment; an apparatus for hanging an inner pipe within 
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6 
said outer pipe comprising a tubular mandrel having a 
lower portion connected to said inner pipe and an upper 
portion diametrically larger than said lower portion, a 
dog cage mounted on said lower portion of the mandrel 
for relative slidable movement thereon between a v?rst 
position spaced from said upper portion of the mandrel 
and a second position engaging said upper portion, said 
cage having a window therein opening both interiorly and 
exteriorly of said cage, a dog transversely slidably 
mounted in said window for movement between a re 
tracted position and a position projecting from said cage, 
means urging said dogs toward said position projecting 
from said cage, a rod slidably extending through said cage 
and dog for holding said dog within said cage, said rod 
projecting from said cage toward said second portion of 
the mandrel, a block mounted on said second portion of 
the mandrel for relative slidable movement lengthwise of 
said mandrel and connected to said rod, means urging the 
block against said upper portion of the mandrel, and 
means for lowering said mandrel and inner pipe through 
said outer pipe to bring said block into engagement with 
said abutment whereupon said mandrel and cage move 
downwardly relative to said block and rod to remove said 
rod from said dog thereby releasing said dog for outward 
movement, said lowering means being capable of lower 
in-g said mandrel until said dog is urged into the recess 
of said coupling by said urging means whereupon said 
mandrel moves downwardly relative to said cage until 
said cage is in its second position and said dogs, recess, 
and mandrel being so constructed and arranged that said 
dogs will not move out of said recess in said second posi 
tion, whereupon said inner pipe is hung within said outer 
pipe by said dog, cage and mandrel. 

7. In a well apparatus including an outer pipe having 
an upper edge, a coupling connected to the outer pipe 
and providing an internal annular recess spaced below 
said upper edge, and an inner pipe extending lengthwise 
within said outer pipe; an apparatus for hanging said inner 
pipe within said outer pipe comprising a tubular mandrel 
having a lower portion connected to said inner pipe and 
‘an upper portion diametrically larger than said lower 
portion, a tubular ?uted dog cage circumscribing said 
lower portion of the mandrel for relative slidable move 
ment thereon between a ?rst position spaced from said 
upper portion of the mandrel and a second position en 
gaging said upper portion, said cage having a plurality 
of circumferentially spaced, radially extending windows 
opening both interiorly and exteriorly of said cage, dogs 
radially slidably mounted in said windows for movement 
between positions within said cage and positions project 
ing from said cage, means yieldably urging said dog into 
positions projecting from said cage, rods slidably extend 
ing through said cage and dogs for holding said dogs 
within said cage, said rods projecting from said cage to 
ward said second portion of the mandrel, blocks mounted 
on said second portion of the mandrel for relative slidable 
movement lengthwise of said mandrel and individually 
connected to said rods, means releasably precluding said 
slidable movement of the blocks, a band constrictively 
encircling said block and resiliently urging the same 
against said upper portion of the mandrel, the blocks hav 
ing outer surfaces tangent to a circle whose diameter is 
greater than the inside diameter of said upper edge of the 
outer pipe, and means for lowering said mandrel and in 
ner pipe through said outer pipe to bring said blocks into 
engagement with said upper edge whereupon said mandrel 
and cage move downwardly relative to said blocks and 
rods releasing said releasable means and removing said 
rods from said dogs thereby releasing said dogs for out 
ward movement, said lowering means being capable of 
lowering said mandrel until said dogs are urged into the 
recess of said coupling by said yieldable urging means 
whereupon said mandrel moves downwardly relative to 
said cage until said cage is in its second position where 
upon said inner pipe is hung within said outer pipe by 
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said dogs, cage, and mandrel, and said dogs, recess and 
mandrel being so constructed and arranged that said dogs 
will not move out of said recess in said second position. 

8. An apparatus for suspending a pipe in- a well, in 
cluding a tubular mandrel adapted for attachment to the 
pipe; a dog-supporting member mounted on the mandrel; 
a dog in the supporting member movable transversely 
thereof and of said pipe between an outer pipe-suspending 
position projected outward from said member and said 
pipe and an inner position Withdrawn from said outer 
position; means urging said dog toward said outer posi 
tion; means in contact with said dog for holding the dog 
in its inner position, said holding means slidably extend 
ing through said dog; and means responsive to movement 
of the mandrel through the well for withdrawing said 
holding means completely from said dog to release said 
dog for movement intoits outer position to thereby sus 
pend said pipe in said well. 

9. Apparatus forhanging a pipe in a well, including a 
tubular mandrel ‘adapted for connecting to the pipe; a dog 
cage slidably mounted on the mandrel; dog means 
mounted in the cage for movement transversely of the 
mandrel between a retracted position and a protruding 
position relative to the cage, said dog means adapted when 
in said protruding position to secure said cage against 
axialmovement with respect to said well; means urging 
said dog means toward said protruding position; means 
for receiving said ‘dog means in said protruding position; 

20 
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and latching means operatively mounted on the mandrel 
above the cage and releasably interconnecting said dog 
means and said cage for retaining said dog means in said 
retracted position, said latching means including at least 
one elongate member cooperable with said cage and slid 
ably extendable through said dog means to lock said dog 
means in said retracted position, and means cooperating 
with said latching means responsive to movement of said 
mandrel through the well for withdrawing said elongate 
member completely from said dog means thereby to re 
lease the same for movement into said protruding position. 
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