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2,942,665
DRILLABLE PACKER

Roy C. Davis, Roland O. Cox and John J. Lane, Dallas,
Tex., assignors, by mesne assignments, to The Guiberson
Corporation, Dallas, Tex., a corporation of Texas

Filed July 2, 1956, Ser. No. 595,455
3 Claims, (Cl. 166—124)

This invention is concerned with a well packer which
is employed for closing off a well pipe or for sealing the
annular space between a well casing and a tubing or other
pipe extending into the casing, for producing .0il or gas
from a strata below the packer, or for the purpose of
carrying out various well operations, such as cementing,
acidizing, or otherwise treating the producing formation
or formations of the well.

This invention is particularly concerned with improve-
ments in that type of well packer known as a “drillable
packer” wherein all parts are made of drillable material
so that it can be drilled up by the drill bit for removal,
but it will be understood that the improvements described
and claimed can be employed in any well packer of the
type herein described, whether it be drillable or not.

Well packers of the type designed to be run and set
in the casing are usually provided with a sleeve of elastic
material, such as natural or synthetic rubber, which is
slidably mounted on a tubular support or mandrel. Seg-
mented, toothed slips are provided at each end of the
packer sleeve which co-act with conical expander heads
to expand the slips into engagement with the casing to
form an anchor, and to compress and expand the packer
to seal the annulus. The conical expander heads are at-
tached to, or are in contact with, the rubber sleeve, and
as the lower slips are moved upwardly along the casing
wall they push the lower expander head upwardly against
the packer sleeve, causing the resilient packer sleeve to
be shortened and expanded radially into sealing engage-
ment with the casing wall.

In prior packers of this type the force for expanding
the packer sleeve has been applied by upward pull ap-
plied to the lower slips, which are carried on a base
shoulder attached to the rumning tool, and such force
was indirectly applied to the packer sleeve through the
expander head. Such arrangement resulted in a great
loss of force by reason of the fact that the greater
amount of the force applied was dissipated in dragging
the toothed slips along the wall of the casing a sufficient
distance to move the lower expander head upwardly
enough to adequately expand the packer sleeve into seal-
ing engagement with the casing. It has been estimated
that at least 60% of the force applied by upward pull was
dissipated in dragging the slips along the casing wall. This
necessitated increased upward movement of the tubing in
order to set the packer, which is particularly disadvan-
tageous in deep wells where the amount of upward move-
ment of the tubing is limited by reason of the stretch
of the tubing and in many instances resulted in an in-
sufficiently expanded packer. Such increased pull re-
sulted in added strain on the derrick, pipe and surface
equipment, and the operator could mever be certain that
the packer was sufficiently expanded to form a proper
seal.

Another defect in such prior packer devices was that
the segmented slips did not move upwardly into engage-
ment with the casing uniformly so that they were not
evenly spaced and in peripheral alignment under the
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packer, causing the packer to be off center, resulting in
uneven distribution of the rubber material of the packer
in the annulus when expanded, and a poor seal.

Still another problem with such prior packers was that
the lower expander head and slips were attached to the
mandrel, and prevented from moving upwardly thereon,
solely by shear pins, with no positive means to prevent
the expander head and slips from being disengaged from
the mandrel and allowed to move upwardly while being
run, often resulting in premature setting of the packer.

In such prior packers the running tool is threadedly
engaged with the packer mandrel by left hand threads
so that after the packer is set the running tool can be
disengaged by right hand rotation of the tubing. Here-
tofore no positive means has been provided for prevent-
ing the rotation of the mandrel while the running tool is
being unthreaded therefrom.

This invention is intended to overcome the above-
mentioned problems and others.

It is, therefore, a primary ob]ect of this invention to
provide a well packer wherein substantially all of the
force applied by upward pull on the running tool is
applied directly to the lower expander head and there-
through to the packer sleeve.

Another important object is to provide means in a
well packer for umformly moving the lower sllps into
engagement with the casing, whereby they are in penph—
eral alignment under the packer.

A further object of this invention is to provide posmve
means in a well packer for preventing the lower expander
head from moving upwardly to prematurely set the packer
while the packer is being run.

A still further object is to provide means in a well
packer to positively hold the packer mandrel against
rotation while the running tool is being rotated free of
the mandrel after the packer has been set.

Still another object is to provide positive means in a
well packer to prevent upward movement of the upper
expander head of the packer assembly, while the packer
is being rumn, to prevent premature setting of the upper
slips.

Another object is to provide a shoulder on the packer
mandre! which moves upwardly in the packer sleeve, when
expanded, to form a recess between the shoulder and the
lower expander head, in which the rubber of the packer
sleeve may flow when the packer is expanded, to thereby
transfer force, applied from above, directly to the packer,
after it is set, to increase the sealing effect thereof.

A still further object is to provide a packer assembly
wherein the upper slips are set before the lower slips
to provide a firm anchor for seiting the lower shps and
expanding the packer sleeve.

Other and further objects of this invention will become,
apparent upon reading the following detailed specifica-
tion, and by referring to the drawings annexed hereto,
and made a part hereof.

A preferred embodiment of the invention is shown in
the attached drawings in which,

Pigures I and II are a partially sectionalized, eleva~
tional view of a well packer assembly incorporating the
improvements constituting the invention, showing the
packer assembly and attached to the running tool as they
would be assembled for lowering into the casing on a
tubing string.

Figure I is a partially sectionalized, elevational view
of the packer assembly after the running tool has been
disengaged from the anchor cage and drawn upwardly to
set the upper slips.

Figure IV is a partially sectionalized, elevational view
of the packer assembly after the running tool has been
further drawn upwardly to shear the upper and lower

expander heads from the mandrel and the lower slips
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from the lower expander head to permit the spring urged

pins underneath the lower slips to move said- slips up-
wardly into- engagement with the casing.

© .Figure V is a partially. sectionalized, elevational view
of the packer assembly after the running tool has been
moved further upwardly to permit the lower setting head
to_contact the base ring, carried by the mandrel, and the

packer sleeve has been expa.nded mto envagement with

,the casing.

*Figure VI is a partiaily sectionalized, elevanonal view’
of ‘the -packer assembly after the packer sleeve has been
fully expanded into sealing engagement w1th the wall of
the casing.

Figure VII is a sectlonahzed elevatlonal view of the
packer assembly after. the ruaning tool has been disen-
gaged therefrom -and withdrawn.

© s . : o 2,042,665
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v'“the body 32. ‘ The 1ongitudina1 movement of the. rings

10

15

Figure VIII is a partially sectionalized, elevational view

of the packer assembly after. the running tool has been
. Teinserted subsequent to attaching a _tailpipe, crossover
" apparatus or other well producing or treating apparatus.
In-the drawmgs numeral references are employed to
designate the various parts, and like numerals indicate
like parts throughout the various figures of the drawings.

20

“Packers of the type shown herein are customarily -

" lowered ‘into the well casmg, disengageably - attached to
a running tool, which is suspended to a stnng of plpe,
extending from the earths surface.

' Figures I and II show the packer assembly, attached
to the Tunning tool, as it ‘would be assembled for lower-
ing into the casing. . The packer is relaxed and run’ with
clearance; except for the drag of- the spring urged friction
pads 34 on the anchor cage 31.-

.- The sub 10 is interiorly- threaded at its. upper end, as
indicated at 11, to permit the threaded engagement of the
sub with a tubing string (not shown), extending from
the earths surface.. . An upper tubular member 12 is
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thréadedly .engaged to the sub 18 by right hand com---

‘panion threads 13. The adaptor coupling 14 is threaded-
ly connected to the tubular member 12 by right hand
-companion threads 15 and.to the packmg tube 16 by
nght hand companion threads 17.
- An annular .outwardly extending flange 18 is formed
gn the upper end of the adaptor coupling 14, and a re-
silient sealing ring 19 is disposed about the flange 18 to
_form a seal between the inner surface of the upper ex-
. pander head 49 and the flange 18.
A -seal retaining abuttment collar 20 is affixed about
. the packmg tube 16 by means of welding, or otherwise,
and an upper set 21 and a lower set 22 of V-type packing
rings, which are separated by a spacer ring 23, are dis-
posed between the abutment collar 20 and the'upper end
of .the couphng 24." The packing rings 21 and 22 are
turned in opposite directions, and provide a fluid seal
between the packlng mandrel 53 and the packing tube
16 when the runmng ‘tool is disposed in thé mandrel.

The coupling 24 is threadedly ‘engaged to-the lower .

énd of the packing tube .16 by.right hand companion
threads 25 and to the upper end of ‘the lower tubular

member 26 by right hand companion threads 27.

-An'interiorly threaded coupling 28 is threadedly en-
gaged by right hand threads to-the lower end of the lower
tubular member 26 for-the purpose of attaching. a ‘tubing

- section for supportmg productlon or well serv1cmg tools
therebelow :

. The anchor cage assembly 31 includes a tubular body
'32 which is threadedly engaged to the-sub 16 by but-
tress threads 33, which are left hand threads, ‘to permit
dlsengagement of the 'sub 10 from the anchor .cage body
-by right hand rotation of the tubing string.

. A plurality of spring urged friction pads 34 are carried

about the anchor cage body 32 and are urged into engage-’
The -

ment with the wall of the well 36 by the sprmgs 3s.
outward movement of the friction pads 34 is limited by

~ upper and lower limit rings 37 and 38, disposed about

40

45

37 and 38 is limited by the upper and lower limit
shoulders 39 and 49, provided on the body 32. -

A plurality of upper slip segments 42, having peripheral
teeth 43 thereon, are spaced about the lower end of the
anchor cage body 32, said slip segments 42 being disen-
gageably interlocked with the body 32 by means of the
interlocking shoulders 44 and 45, provided on the body
32-and the slips 42, A garter spring 46 is stretched
about the lower ends of the slips-42 to hold the slips in
engagement with the upper expander head 49.

The slip segments 42 have interior, tapered surfaces 47
facing downwardly, which are in contact with; and co-act

-with, a corresponding, upwardly facing, tapered outer

surface 50 on the upper expander head 49. . The surfaces
47 and 5% co-act to move the slip segments 42 outward-

ly-into engagement with the casing, when the expander

head 49 is moved upwardly,

An upwardly facing interior annular shoulder 51 is
formed on the inner side-of the upper expander head 49
agamst which the flange 18 is abutted when the packer
is assembled on the running tool. ‘The shoulder 51 pro-
vides a positioning shoulder for connectmg the mandrel
53 to the expander head 49, and also prevents the up-
ward movement of expander head 49 with relation to the

- running tool-in the event the shear screws 52 should be-

come accidentally broken: while lowering the packer in
the well casing..  This positively prevents- the premature
expansion and setting of the upper-slip segments 42:
A plurality of shear screws 52 frangibly connect the
upper expander head 49 with the packer mandrel 53.
The tubular packer mandrel 53 is threadedly connected to
the adaptor coupling 14 by means of buttréss threads 54:
The threads 54 are left hand threads so that the adaptor
coupling may be disconnected from the mandrel 53 by
right hand rotation of the tubing strmg, ‘and such threads
54 are preferably buttress threads so that they will sup-
port the axial load of setting and expanding the packer
by. upward pull on the tubing string:

A base ring S5, forming an upwardly facmg annular

“shoulder 79,'is threadedly connected to the mandrel 53

by rlght hand companion threads 56, and a resilient seal-
ing ring 57 is posmoned to seal between the mandrel 53
and the base ring 55.

A vertical; elongated key channel 58 is formed in the
outer face of the mandrel 53, and a key screw 59 passes
through the wall of the upper expander head 49 and ex-

~ tends into the key channel 58. The key.screw 59 is free
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to move longitudinally-in the key ‘channel 58 but pre-
vents relative rotation between the expander head 49 and
the mandrel 53. :

As shown in Figure I, the key screw 59 is at the-upper
limit of the key channel 58, when the packer is assembled
in relaxed position for running. "Thus the key screw 59

prevents upward movement of the expander head 49 with

relation to the mandrel to further safegnard against pre-

- mature setting of the upper slips 42, in the event the shear
“screws 52 should become accidentally broken while the

packer is being run. .The key screw -39 also holds the

mandrel 53 against rotation- after -the upper slips 42 are:
set, to permit the threads 54 to be. disengaged by right

hand rotation of the tubing stnng, as will -be hereinafter
explained. The key channel 58 is long enough to permit

-the key screw 59 to. move downwardly: therein sufficient

distance to allow the packer sleeve 90 to be fully ex-
panded and set (see Figures VI and VII)

A conventional junk pusher 66 is threadedly engaged
to the lower end of the base ring 55 by right hand com-
panion threads 61. - A resilient sealing ring 62 is disposed
between the base ring 55 and the junk pusher 60, said
resilient sealing ring having a tapered outer:face 68
thereon arranged to form  a .sealing surface for the

) tapered sealing face 67 on the flapper valve 65.

The disc-shaped flapper valve 65 is. of conventional
construction and is spring urged inwardly by a coil spring
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(not shown) disposed about a pivor pin 66, by which the
flapper valve is pivotally attached to the junk pusher. -

The tubular member 28, extending through the packer
assembly, holds the flapper valve 65 open, while the
packer 1s bemg rum, but when the tubular member 26
is withdrawn, the flapper valve 65 is permitted to close,
by spring action, and the conical seating surface 67 there-
on comes into contact with the sealing ring 62 and closes
and seals the axial passage through the packer, thereby
confining fluid pressure below the packer. When pushed
open, the flapper valve 635 may extend into a circular pas-
sage 69 provided in the wall of the jumk pusher 60.

The junk pusher 6% has a plurality of flow apertures 64
through the wall thereof to permit displacement of fluid
therethrough as the packer is lowered in a column of
fluid in the casing. An enlarged lowsr rim 63 is pro-
vided on the junk pusher 68 to push debris and other
obstructions in the well fluid ahead of the packer, as it is
lowered into the casing, to prevent such foreign material
from coming in contact with the lower slips 75 and ex-
pander head 72, and from becoming lodged about the
packer sleeve.

The lower exl,ander head 72, when assembled, as
shown in Figure 11, is abutted against an external, down-
wardly facing, annular shoulder 73, formed on the man-
drel 53.

The lower expander head 72 has an external, tapered,
downwardly facing surface 74 thereon which is arranged
to co-act with corresponding, internal, upwardly facing,
tapered surfaces 77 on the lower slip segments 75. The
plurality of slip segments 735 have peripheral teeth 76
on the outer surfaces thereof arranged to penetratingly
engage the wall of the casing 36 when the slips 75 are ex-
panded by sliding coaction between the tapered surfaces
74 and 77.

The tapered surfaces 74 and 77 on the expander head
72 and slip segments 75 are placed in coinciding relation-
ship, with the expander head 72 abutted against the
shoulder 73, and the slip segments 75 abutted against the
upper face 79 of the base ring 55. After being so posi-
tioned, the expander head 72 and slip segments 75 are
frangibly connected together, and to the mandrel 53, by
shear screws 88. A garter spring 78 is extending about
the slip segments 75 to hold them in engagement with
the expander head 72, after.the shear screws 80 have been
broken, in the manner which will be hereinafter de-
scribed.

The shoulder 73 positively prevents the upward move-
ment of the expander head 72, with relation to the man-
drel, while the packer is being lowered, which prohibits
the premature expansion of the packer should the lower
slip segments 75 become accidentally sheared from the
expander head 72. The shoulder 73 has another impor-
tant function which will be hereinafter explained.

A vertical bore 83 is formed in the base ring 55, under
each slip segment 75, and a coil spring 84 is disposed in
each said bore with the lower end thereof resting on the
upper face of the junk pusher 60. A pin 85, having an
enlarged head 86 thereon, is movably disposed in each
bore 83, and the upper end of said pin slidably extends
through a guide hole 87, formed through the upper face
of the base ring 55. The spring 84 contacts the enlarged
head 86, and normally urges the pin 85 upwardly and out-
wardly of the base ring 55, but when the packer is assem-
bled the pin 85 is retracted, in the base ring 53, against
the spring 84. The slip segments 75 are abuited against
the upper face 79 of the base ring 55 and fixed to the ex-
pander head 72, as hereinbefore explained, to thereby re-
tain the pins 85 in retracted position, while the packer is
being lowered, as shown in Figure II. The pins 85 remain
in retracted position until the shear screws 89 are broken,
at which time the springs 84 relax and cause the pins 85
to push the slips 75 upwardly into engagement with the
casing, as hereinafter explained.

An elongated tubular packer sleeve 99, which is made

16

15

20

25

30

35

40

6

of resilient material, such as a mnatural or synthetic
rubber compound, is slidably disposed about the man-
drel 53, so that it is arranged to slide on the mandrel
and be shortened and radially expanded between the ex-
pander heads 49 and 72, as the lower expander head
72 is moved upwardly by upward pull on the tubing
string, after the slip segments 42 and 75 have been set
against the wall of the casing 36, in the manner herein-
after described.

An upper retainer ring 91, made of relatively soft
material, such as lead alloy, is disposed between the
upper end of the packer sleeve 90 and the upper ex-
pander head 49, and a lower retainer ring 92, made of
like material, is disposed between the lower end of the
packer sleeve 90 and the lower expander head 72. The
rings 91 and 92 are arranged to expand upon contraction
and expansion of the packer sleeve to prevent the re-
silient material of the packer. sleeve from flowing about
the expander heads 49 and 72.

The well packer assembly, illustrated in the drawings,
can best be understood by considering the operation and
function thereof, which is described as follows:

The packer is assembled and attached to the run-
ning too! in the manner illustrated in Figures T and 1I.
The sub 10 is then attached to a tubing section and the
tubing string is progressively made up by joining suc-
cessive joints as the packer assembly, mounted on the
running tool, is lowered into the casing 36.

The running tool is made up of the sub 19, the upper
tubular member 12, the anchor cage 31, the adapter
coupling 14, the packing tube 16, the coupling 24 and
the lower tubular member 26. The running tool may
be disengaged and removed from the packer after the
packer is set in the casing.

It will be noted that all parts of the packer assembly
are rigidly attached to, and carried by, the running tool
as it is lowered into the casing. The junk pusher 60 is
rigidly attached to the mandrel 53, throngh the base
ring 55, and the mandrel is in turn secured to the run-
ning tool by the threads 54 on the adaptor coupling 14.
Through the adaptor coupling 14, the tubular member
12 and the sub 10, the mandrel 53 is secured to the tub-
ing string. Therefore, any impact or drag encountered

. by the junk pusher 60, while the packer is being lowered,
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will be transmitted to the running tool and therethrough
to the tubing string, thereby eliminating the possibility
of the mandrel 53 moving upwardly to prematurely set
the packer.

" The lower slip segments 75 are held in retracted posi-
tion under the expander head 72 by means of the shear
screws 80 which pass through the slip segments 75 and
expander head 72 into the wall of the mandrel. The
shear screws 80 prevent the slip segments 75 from mov-
ing upwardly along the outer face of the expander head
72 and they are prevented from moving downwardly by
the upper face 79 of the base ring 5§5. As so positioned
the slip segments 75 hold the follower pins 85 in re-
tracted position.

The lower expander head 72 is held in npward p051-
tion by the shear screws 80, and is prevented from moving
upwardly with relation to the mandrel 53 by the annular
shoulder 73. Thus there is no possibility of the packer
becoming prematurely expanded while being run, be-
cause the expander head 72 cannot move upwardly until
the setting tool is released from the anchor cage 31 and
pulled upwardly, as will be hereinafter described.

The upper expander head 49 is held against downward
movement by the shear screws 52 and against upward
movement by the flange 18, which is in engagement with
the upwardly facing shoulder 51, and by the key screw
59, which is in engagement with the upper end of the
key channel 58.

The upper slip segments 42 are held in retracted posi-
tion against the expander head 49 by the garter spring 46,

and are held against axial movement with relation to the
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packer assembly by the interfitting engagement between -

the shoulders 44 and 45 on the anchor cage body 32 and
the- shp segments 42, respectively.

The anchor cage assembly 31 is- dlse'loageably at-

tached to the tubing string by means of the left hand
threads 33, . The upper slips 42 cannot be expanded -iree
of the anchor cage 31 and into engagement with the wall
of the casing until the sub 10 has.been disengaged from
the anchor cage by right hand rotation of the tubing

string; to permit the upper expander head 49 to be ralsed,

and-interact with the slips 42.

" Therefore, ‘it will be seen that a11 parts of the packer .

assembly are rigidly held in retracted position as- the
packer is lowered into the .casing thereby rendering
it improbable that any junk or forexgn matter in the well,
which' might have gotten past the junk pusher 60, will
cause premature setting of the packer. This is | parncu-
laily true of the lower expander head 72, which is posi-
tively prevented from moving upwardly by the shoulder
-73. - Any jar or impact on the expander head 72 will be
effectively. transferred through the shoulder 73-and ab-
sorbed by the running tool and the tubing string.

When the packer assembly has been run.to the desired
- depth where it is to be set, the tubing string is rotated
to the right to disengage the threads 33. - The friction
pads 34 are pressed against the wall of the casing, and
in frictional engagement therewith, to sufficient extent to
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hold the anchor cage body 32 against rotation to permit -

“the threads 33.to be disengaged. After disengagement of -

- the threads 33 the tubmg string may be pulled upward-

ly, thus moving the running tool upwardly with relation -

to the anchor.cage 31, the friction pads 34 serving to hold
the anchor cage ‘against upward movement.
As shown in Figure III, the upward movement of the
running tool, and the packer assembly secured there to,
-'causes the,upper expander head 49 to slidably interact

" with the upper slip segments 42 and push the slips 42.out-

- wardly -into “anchoring  engagement with. the casing 36.

‘The interlocking shoulders.44 and 45 are freed of en-
gagement, permitting the anchor cage 31 to be withdrawn
with the running tool. .

- Tt will be noted that the threads 54 which are also
left hand threads, are not disengaged by this initial rota-
tion of the tubing string, because such threads 54 cannot
be unscrewed .until after the threads 33 have been dis-
engaged and the upper expander head 49 has been forced
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into ‘tight frictional ‘engagement with: the upper shps 42 -

and expansion ring 91. Until the upper head 49 is thus
held against rotation, there is no force for unscrewing
the mandrel 53 from the adaptor coupling 14.  After the
-upper expander head 49 has been secured against rotation,
the mandrel 53 is held against rotation by the key screw
59 .and the key slot 58 to permit the adaptor couplmg 14
_to be unscrewed from the mandrel.

"After the upper slips 42 have thus been permanently
. 'set against: the wall of the casing 36, further upward
" ‘movement of .the tubing string and the runming tool will
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ther raises the slips 75 above the lower end of the ex-
pander head 72 which brings the lower end of the ex-
pander head 72 into direct contact with the upper face
of the base ring 55, as shown in Figare V.. This causes
further force of upward pull on the tubing string to be
applied directly to the expander head 72 and therethrough
to the packer sleeve 96. Simultaneously with this opera-~
tion, the springs 84 are recompressed to some extent as
the shps 75 move upward into anchored engagement with
the casing. - However, the springs 84 are strong enough
to cause the follower pins 85 to hold the slips 75 upward
above the lower end of the expander: head 72 while the
head 72 is. - moved upwardly on base ring 55 to expand
the packer sleeve 99; as shown in Figures V and VL

The resistance of the packer sleeve 90 causes the
mandrel 53 to.move upwardly with relation to the ex-
pander head 72, thereby causing the shoulder 73 and
head 72 to separate. The shoulder 73 thus moves up-
wardly into the body of the packer sleeve 90, and the
resilient material. of the packer sleeve flows into the
annular recess formed between such shoulder and the
upper end of the expander head 72, as the packer sleeve
is expanded as shown in Figure V.

Thus it will be seen that the entire force applied by
upward pull on the tubing string is transmitted directly

into expandmg the rubber material of the packer sleeve .

99, since at all times during the application of such force
the lower end of the expander head 72 has been in cirect
contact with the upper face 79 of the base ring 5§5.

- The lower slips 75 are held upward above the lower

- end of expander head 72 at all times-as the expander -

head is moved upwardly to- expand the rubber. material
of the packer sleeve. The springs 84 and pins 85 move
the lower slips 75 upwardly and maintain them in engage-
ment with both the casing 36 and the lower expander
head 72 as the expander head is moved upwardly; but the
slips are not used as a means .of transmitting the setting
force to. the rubber material ‘of the packer sleeve. In
other words, at all times- while the compressive force
is being applied to the rubber material of the packer
sleeve the lower expander head 72 is in direct engage-
ment with the base ring 55, carried by the mandrel 53.
Therefore, no force is wasted in dragging the slips 75
along the casing wall, because_the slips are moved up-
wardly and held in engagement with the casing 36 and
expander head 72 by the resilient force apphed through
the springs 84 and pin 85.

It has been found that where the lower slips are used
as a means. of transferring the compressive force to the
rubber material of the packer,-as in previous packers,
there is at least a 60% loss of force by reason of the fric-
tional drag between the:slips and the casing wall. :For
mstance, a 20,000 1b. pull on the mandrel 53 would re-

“.sult: in approximately 8,000 Ibs. of actual compressive

55

cause the shear screws 52, holding the upper head 49 to

the mandrel 53, to break.. Such upward movement of
’ A,the running tool also causes. the shear screws 80, holding
the lower slips 75 to lower head 72, and to the mandrel
53, to break, severing the slips 75 from head 72, and head
72 from mandrel 53. .The breaking of the shear screws
- 52 and 80 permlts the mandrel 53-to move upwardly with
relation to the upper expander head 49, and lower ex-
pander head 72, as shown in Figure IV.
When the shear screws 80 break, releasing the lower
sllps 75 from the expander head 72, and the expander
“héad 72 from the mandrel 53, the springs 84 relax, push-

ing the follower pins 85 upwardly, simultaneously and-

" - quickly moving the lower slip segments 75 upwardly along
the expander head 72 into uniform and aligned engage—
‘ment with the casing 36, as shown in Figure IV."

Contmued upward movement of the. tubing- strmg,

) carrymg w1th it the mandrel 53, and the base ring S5, fur-

Lil1]
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force applied to the rubber material; In using the present

invention the full force of pull applied to the tubing =
string is transmitted directly to the rubber material of
the packer and there is no loss of force, thus restlting in-

complete expansion of the rubber material with corre-
spondingly less force and shorter pull. -

After the packer has been fully set, as shown in F1°ure
VI, the runmning tool may be disengaged from the packer
by right hand rotation of the tubing- strmg to disengage
the threads 54.

It will be noted that as the mandrel 53 is raised to
shorten and radially expand the packer sleeve, the key

-channel 58 has moved upwardly with relation to key

screw 592, as shown in Figure VI because expander head
49 is held against upward movement. by the set slips 42.
Since the upper expander head 49 is now in tight com-

- pressive engagement with the upper slip segments 42, it is

75

held against rotation sufficiently to hold the mandrel .53
against: rotation through the key screw 59 and key chan-

‘nel 58, to permit the adapior ring 14 to be unthreaded
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from the mandrel 53 to thereby free the running tool
from the mandrel, and packing assembly, carried thereon.

The running tool, including the upper tubular member
12, the packing tube 16, with packing thereon, lower
tubular member 26 and anchor cage. 31, may then be
raised upwardly on the tubing string, leaving the packer
set in the casing (Figure VII). When the lower tubular
member 26 is removed the flapper valve 65 is free to
move upwardly to closed position as shown in Figure
VII, to close and seal the axial passage through the
packer assembly, to thereby confine fluid pressure below
the packer. )

After the running tool has thus been removed from
the packer the well may be conditioned by circulation of
fluid through the tubing string, if desired. )

Various types of production, flow control and well
servicing tools can be attached to the lower end of the

_running tool, either before the packer is imitially run
into the well, or they can be attached, and run through
the packer, after the packer is set. The axial passage
through the packer is of such diameter as to permit such
tools to freely pass therethrough. These devices may
include seating nipple assemblies, tail pipes, perforated
and plain production tubes, chokes, lead-in subs, cross-
over equipment and many others.

The running tool, suspended on a tubing string, and
with a well production or well servicing device attached
to the lower end thereof, may be re-inserted in the packer
as shown in Figure VIII, and provides a flow conduit
through the packer which is sealed to the interior wall of
the mandrel 53 by the sealing rings 21 and 22. The
running tool may be held down in the packer against
pressure differential from below the packer by weight
applied to the tubing string at the surface.

Means could be provided for relatching the running
tool in the packer, but same is not illustrated herein as it
forms no part of the present invention.

After the running tool has been run back into the
packer as shown in Figure VIII, any weight applied to
the tubing string will be transmitted from the running
tool to the mandrel 53 in downward direction, which will
cause the mandrel to move downwardly through the
rubber material of the packer sleeve 90. The shoulder
73, in effect, creates a differential piston which works
‘against the flowable rubber material, thus causing the
downward movement of the mandrel to result in increased
pressure in the rubber, which pressure is transmitted
through the rubber to form a tighter seal with the casing,
Therefore, increased weight applied to the mandrel is
utilized in effecting a tighter-seal, rather than weakening
the seal, as would be the case if the shoulder 73 was not
present.

Of course the packer could be used simply as a closure
of the casing to confine fluid and pressure below the
packer, as shown in Figure VII. ) ’

The slips 42 and 75, the heads 49 and 72, the base
ring 55 and junk pusher 60, are preferably made of drill-
able material such as cast iron, and the mandrel 53, all
screws employed, and the flapper valve 65 are preferably
made of drillable material such as brass. The packer
sleeve 90 is preferably made of canvas reinforced
neoprene, which is also drillable. Therefore, all com-
ponents of the packer assembly, which is anchored in
the casing, are made of material which can be readily
drilled up by the drill bit when it is desired to remove

. the packer.

It will thus be seen that there have been provided im-
provements in a well packer which insures against pre-
mature setting of the packer while it is being run, which
provides means for applying all setting force directly to
the packer sleeve, which assures sufficient expansion of
the packer to form a positive seal with less force, which
has increased sealing effect upon application of weight
from above after setting, which provides a positive and
simple means of disengaging the running tool from the
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packer assembly after it is set, and other advantages here-
inbefore mentioned.

1t will be understood that only a preferred embodiment
of the invention has been disclosed herein and that other
and further forms and embodiments may be made and still
remain within the spirit and scope of the appended claims.

We claim:

1. In a well packer, 2 mandrel; a base member carried
by the mandrel; a plurality of Iower slips abutting against
the base member; a lower expander head; frangible means
connecting the lower expander head to the lower slips
and to the mandrel, the lower slips and expander head
having contacting tapered surfaces thereon arranged to
slidably co-act to move the slips into engagement with a
well casing; a resilient packer sleeve disposed about the
mandrel above the lower expander head; an upper ex-
pander head; frangible means connecting the upper ex-
pander head to the mandrel above the packer sleeve; a
plurality of upper slips; the upper slips and upper ex-
pander head having contacting tapered surfaces thereon
arranged to co-act to move the slips into engagement with
a well casing; a running tool extending through the man-
drel and being threadedly engaged therewith; an anchor
cage threadedly engaged to the upper end of the running
tool and being disengageably interlocked with the upper
slips; the said upper slips being movable radially out of
engagement with the anchor cage by co-action with the
upper expander head upon unthreading the running tool
from the anchor cage and moving same upwardly there-
through; an elongated vertical key channel in the outer
wall of the mandrel; and a key attached to the upper ex-
pander head and slidably disposed in the channel to hold
the mandrel against rotation with respect to the expander
head.

2. In a well packer, a mandrel; a base member carried
by the mandrel; a plurality of lower slips abutting against
the base member; a lower expander head; frangible means
connecting the lower expander head to the lower slips and
to the mandrel, the lower slips and expander head having
contacting tapered surfaces thereon arranged to slidably

“co-act to move the slips into engagement with a well cas-

ing; a resilient packer sleeve disposed about the mandrel
above the lower expander head; and external, downwardly
facing, annular shoulder on the mandrel initially posi-
tioned against the lower expander head but arranged to
move upwardly in the packer sleeve to provide an annular
recess between the expander head and the shoulder in
which the resilient material of the packer sleeve may
flow when the mandrel is moved upwardly to expand the
resilient packer sleeve; the said mandrel being free to
move downwardly with relation to the lower expander
head after the packer sleeve is expanded; an upper ex-
pander head; frangible means connecting the upper ex-
pander head to the mandrel above the packer sleeve;
a plurality of upper slips; the upper slips and upper ex-
pander head having contacting tapered surfaces thereon
arranged to co-act to move the slips into engagement with
a well casing.

3. In a well packer, a mandrel; a base member carried
by the mandrel; a plurality of spring urged members
carried by the base, and being normally urged upwardly
thereof; a plurality of lower slips abutting against the base
member and holding the spring urged members in re-
tracted position; a lower expander head; frangible means
connecting the lower expander head to the lower slips
and to the mandrel, the lower slips and expander head
having contacting tapered surfaces thereon arranged to
slidably co-act to move the slips into engagement with a
well casing; a packer sleeve made of resilient material
disposed about the mandrel above the lower expander
head; an external annular shoulder on the mandrel in-
itially positioned against the lower expander head but
arranged to move upwardly in the packer sleeve to pro-
vide an annular recess between the expander head and
the shoulder in which the resilient material of the packer
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sleeve may flow when the mandrel:is moved upwardly. to
~ expand the packer sleeve; said mandrel-being free to move
' downwardly with- relation. to. the lower: .expander head
after after the packer sleeve is expanded; an upper ex-

pander -head;-frangible means -connecting the upper -€x-

pander head to the mandrel above the packer:sleeve; a
- plurality of upper slips; the upper slips and upper -ex-
pander head having-contacting tapered surfaces. thereon
arranged to co-act to move-the slips into engagement with

a. well casing; the said spring urged -members being ar-

ranged to move the lower slips upwardly into engagement
with the casing entirely above the lower end of the lower
expander. head when the lower slips are freed of attach-
ment to the lower expander head; the said Jower expander
head being-in. contact. with. the base -member after -the
lower slips are moved into engagement with the casing.
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