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1

-3,080, 924
. ANCHORS FOR TUBULAR STRINGS .
John R. Baker, Pasadena, and Julian D. Keithahn, Ana-
heim, Calif,,” assighors to Baker ‘Oil: Tools, Inc ., Los
Angeles, Calif., a corporation- of California.
Filed Mar. 18, 1960, ‘Ser. No. 15,884
19 Claims. (Cl. 166—212)

" The present iivention relates to anchors.for. tubular
,strrngs, and more. partlcul'trly 1o hydraulically actuated
anchors having gripping. members adapted to bn [>d
panded outwardly into anchoring enigagement with a sur-
rounding well casing, or similar conduit string.
_ Some types of tubing anchors include gripping mem-
bers or slips which are expanded into anchoring engage-
‘ment “‘with the walls of well casings by the pressure of
hydraulic fluid passrng through the anchors themselves.
‘Durrng running of an anchor of the above type in-a well
casing, or its removal therefrom, the. vrrpprng members
or slips should be in a retracted posrtron, or prevented
from contacting the wall of the well casing; to avoid
1nterference with movement of the anchor through the
casing and to. prevent the casing gripping portion of the
‘gripping. members from becoming dull as a result of
sliding ‘along the casing. Sprmgs have heretofore been
employed to retain the grrpprng members. in retracted
position. However, the size springs that could be 1neor-
portatéd in the anchor was limited, the. springs being in-
‘capable of holdmg the gripping members in retraeted
position, or from . engaging the wall of the well casmg,
‘against the hydraulic_ pressures often developed in the
anchor solely ‘as a result of lowering or elevatmg the
anchor through the fluid in the well casing. -

An object of the invention.is to provrde a tubing anchor

of the type indicated embodying. springs that can exert 3

greater retractmg force on the grrppmg members, there-
'by reqmrmg greater hydaulic pressures to expand. the
‘gripping members against the well oc.smg

Another object of the invention is to provrde a tubmg
anchor of the type indicated embodying sprlngs eapable
of exerting greater 1etract1ng force on. the gripping mem-
ber allowrng the grlpprnn member to be made of a larger
size and vet be held in"a non-casing gripping p-osl’uon
desprte the presence of .a larger area on each gripping

member subject 10 hydrauhe pressure within the anchor.

The making of the gripping members of ‘a larger. size
requires fewer of them, as well as fewer other parts,
with consequent savings in manufactuting cost. .

‘A further object of the invention is to pr0v1de a tubing
anchor embodymg sprrnffs tending to. Tetract hydrauh-
eally actuated gripping members from the: surrounding
easmg wall, in. Whrch the retractlng force exerted by.a
spring on a grrpprng member when the 1atter is anchored
to the casing is:the same, regardless of the inside diam-
ster of the casing engaged by the grrpprng merber,

An additional ob]ect of the invention is.to provrde a
tubrng anchor  having. hydraulically - actuated, gripping
members in which the extent. to which the anchor can
dev1ate from a position coaxial of the surrounding casing
is reduced consrderably

This invention possesses many other’ advantages and
has other objects which ‘may. be made more clearly ap:
parent from a consrderatron of several. forms. in,which it
may be.. embodred Such forms ate shown in the draw-
ings accompanying and forming. part of the present speci-
fication. These forms will now be «deecnbed in detail, for
the, purpose of illustrating the géneral prmclples of the
invention;. but it is to be understood that “such’ detailed
description” is not to be taken in a imiting sense, ‘since
the. scope of the invention is best. deﬁned by the appended
claims.
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Referrmc to the drawrngs

FIGURE 1 is a combined side elevatronal and longr-
‘,tudmal sectional view through a hydraulic tubing anchor
embodying the invention, with the gripping members in
retracted posmon

FIG. 2 is a side elevatronal view, on an enlarged scale,
of.a portron of the anchor disclosed in FIG. 1;

_"FIG. 3 is a cross-section taken along the line 3—3 on
FIG. 1;

FIG. 4 is an enlarged longrtudmal seetron through a
pr‘rtron of the apparatus shown in FIG. 1, with the grip-
ping member expanded .against the well casing; -

FIG. 5 is @ cross-section taken along the line 5—5 on
FIG. 4;

FIG. 6is a combmed side elevational and Iongrtudrnal
sectional view through a thodifiéd form of tubing anchor.

As illustrated in the drawings, ithe tubing anchor A in-
cludes a tubular body 10 consisting of a main or inter-
mediate body portion 11, an upper section 12 threadedly
attached to the upper end of the main body portion, and
a lower body section 13 threadedly secured to the lower
end of the main body portion, Leakage of fluid through
the threaded conmections is. prevented by suitable gasket
type of O ring seals 14 mounted in grooves. 15 in.the
upper and lower sections i2, 13 and seahngly engaging
the upper. and lower ends of the main.body 1. The
upper. section 12 has a threaded box 16 for. threaded at-
tachment to an ad}acent upper ‘tubular section B form-
ing part, of the tubular string extending to the top of
the well bore or well casing C in which the anehor is to
be used; whereas, the lower body section 13 .has a
threaded pin 17 for threaded attachment 1o a lower scc-
tion D of the tubing string. . In lieu of such lower section
D, the threaded cofnection may be to the lower body
portron of a well packer D or the like, prefel ably- one
that is adapted to anchor the tibing, strrng in packed—oﬁ
condrtron against downward movemeiit in’ “the well casing
C.

The tubular body 11 has one ora plurahty of lateral
or radral bores 18 extendrng throuch its wall, The outer
portron 19 of eaeh bore s aotually a eylrnder in Wh1ch
is located a piston-like gripping member . of slip 20
adapted to slide laterally or radially in the cyhndrrcal bore
19 between a fully retracted position, in which the inner
portlon 21 of the piston engages tapered ends 22 in the
inner part, of the ‘bore 18, and an outer position in whrch :
the outer grrppmg portron 23 engages the wall of the We‘l
casing,. The outer_ gripping portion is curved tov con-
form generally to the perrphery of the cylmdrlcal body
10 of the anchor when in the retratted position, and,  pref-
eraply does not extend beyond the outer surface of the .
body when in @ fully tetracted posrtron ‘The outer grip-
ping portion 23 may have a plurahty of wrekers or teeth
24 thereon adapted to firmly grip. the wall of the well
casing ‘when e‘cpanded outward thereagarnst The teeth
may face in-an upward drreetron to anchor the apparatus
A against upward movement “in the well casing, or the
teeth may: be otherwise formed to prevent downward
movement of the anchor i in the well casing or to prevent
both upward and downward movement therem ]

The gripping members 20 are preferably crrcumferen—
tially spaced around ‘the-body 19 of the tool, each one

- beihg -disposed in its conﬁnrng bore i8." They arg’ urged

65

70

" outwardly by hydraulic pressure in the central passage 25

through the body, the pressure acting o the jnfer sides
of “the prstons 29 to urge them outwardly agamst the
well casing C. Leakage of fluid -around -the exterior. of
each piston is preventsd oy 4 stitable seal ring 26, such
asa ruober Or: rubber—hke O ring, disposed .within .an
external groove 27 in the perrphery of the piston and
slidably and sealingly engaging the wall of the cylinder
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19 of the cylindrical bore. Outward movement of each
gripping member or slip 20 is resisted by one or a plu-
rality of springs 28, 29, which are preferably arral}ged
radially, the inner ends of the springs being received
within an inner socket 30 in the inner portion of the
gripping member 20, the outer ends of the springs bear-
ing against a retaining member or block 31, of elongate
form, which includes a central portion 32 whose outer
surface is parallel to the axis of the body 10, and which
bears against the inner wall of the well casing C. From
the intermediate portion 32 each block or member has
an upper tapered guide portion 33 and also a lower
tapered guide portion 34 slidable in upper and Iowqr
longitudinad body grooves 35 opening into the cylindri-
cal bore 19, the grooves 35 running into upper and lower
circumferential body grooves 36, which, in turn, merge
into upper and lower circumferential recesses 37 in the
body portion 11. Each block has upper and lower stop
terminals 38, 39 extending within the upper and lower
recesses 37. Outward movement of each retaining block
is limited by engagement of the upper terminal 38 with
an upper stop flange or ring 40 forming part of the main
body 11, and also by engagement of the lower terminal
39 with a retaining ring 41 surrounding the lower portion
of the body section 11 and having an inwardly directed
flange 42 disposed under an outer flange 43 of the body.
The lower retaining ring 41 is held in place by the lower
body section 13, which is prevented from being inad-
vertently unthreaded from the main body 11 by a cap
screw 44. A similar cap screw 44 may also be used to
prevent inadvertent unthreading of the uppér section 12
of the body from the main body section 11.

Each gripping member or slip 26 has a longitudinally
extending groove 45, which is illustrated as being formed
centrally thereof, opening to the exterior of the gripping
member, this groove being of a width conforming to the
width of the retaining block 31, thereby providing spaced
gripping portions 23 that straddle the retaining block,
the retaining block 31, in effect, forming a guide in con-
junction with the cylindrical bore 19 for each gripping
member during its outward and inward movement in the
cylindrical bore. The retaining block 31 also serves to
prevent turning of each gripping member 20 in its bore
18, so that the outer wickers or teeth 24 remain oriented
in the proper direction, preferably lying in planes normal
to the axis of the apparatus A.

One or a plurality of retracting springs 28, 29 may be
used. As illustrated, an outer main spring 28 is disposed
in the socket 39 of each gripping member with its outer
portion adapted to bear against the central part 32 of the
retaining member 31. An inner auxiliary spring 29 is also
disposed within the main spring 28, its inner end bearing
against the base 46 of the gripping member socket 30,
and its outer end bearing against the retaining member
or block 31. The retaining member or block functions
as a spring seat for the outer ends of the springs, which
spring seat is movable radially of the main body 10 of
the apparatus, depending upon the inside diameter of the
casing C, in which the apparatus is to be used., When the
apparatus is out of the well casing C, the springs 28, 29
will move the retaining block 31 outwardly to the extent
limited by engagement of its terminals 38, 39 with the
upper and lower retaining rings 40, 41. However, upon
inserting the apparatus in the well casing, the blocks 31
are shifted inwardly of the body 10 to some extent, pos-
sibly compressing the springs to a slight extent, the inner
ends of the springs forcing each piston 20 inwardly to
its fullest extent.

Following lowering of the apparatus A on the tubular
string in the well casing to the desired setting point, pres-
sure is imposed on the fluid in the tubular string and in
the central passage 25 of the body, which might result
from performing a pressuring operation in the well bore
below the point at which the anchor is set. As an ex-
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ample, if the lower portion of the anchor is attached to
a set down type of hook wall packer D, then the setting
of the packer against the well casing C will result in a
closing of the annulus between the packer body and the
wall of the well casing. Accordingly, fluid under pressure
can be pumped down through the apparatus, and such
fluid under pressure will act on the inner ends of the
pistons 20 to urge them outwardly against the force of
the springs 28, 29. When the fluid pressure becomes
sufficiently great, the gripping members 20 are shifted
outwardly unti] their wickers or teeth 24 are embedded
in the wall of the well casing, thereby anchoring the
body to the wall of the well casing. The greater the
pressure, the greater will be the force holding the grip-
ping members 20 anchored against the casing, thereby
precluding longitudinal movement of the anchor A in the
well casing C. When the pressure is relieved, the springs
28, 29 will shift the pistons 20 inwardly from engage-
ment with the well casing, and to their fully retracted
position.

By virtue of use of the laterally or radially movable
retaining blocks 31 the slide along the wall of the well
casing C, larger size springs 28, 29 can be mounted in
the apparatus between each retaining block and the inner
portion of each gripping member 20. The springs 28,
29 can be of a greater length and may be made of metal
having greater cross-sections than was heretofore possi-
ble. The main spring 28 for each gripping member 20
is preferably so designed that it may actually exert very
little, if any, spring force when the gripping member
is in its fully retracted position, and it will exert a maxi-
mum force when the gripping member has moved out-
wardly into gripping enmgagement with the wall of the
well casing C, just before the spring 28 would be com-
pressed to its solid height. Thus, the main spring 28
exerts a maximum force tending to prevent the wickers
or teeth 24 of the gripping member from engaging the
wall of the well casing, and thereby requiring a greater
pressure for the same cross-sectional area of gripping
member 20 to shift the gripping member outwardly into
firm anchoring engagement with the wall of the well
casing.

The aforenoted powerful main springs 28, requiring
greater fluid pressures before each gripping member is
shifted into anchoring engagement with the well casing,
insures that each gripping member will not be shifted
outwardly sufficiently to bring its wickers 24 into contact
with the wall of the well casing during raising or lowering
of the apparatus through the fluid in the well casing,
which actually develops pressure within the body pas-
sage. As an example, if the springs 28, 29 exert sufficient
force as to require at least 200 p.s.i. pressure differential
to be built up in the body Dassage 25 before the wickers
24 are engaged with the wall of the well casing, such
bressures are not reached as a result of merely running
the apparatus in the well casing or removing it therefrom.
Accordingly, the wickers do not become dull as a result
of sliding along the wall of the well casing C during the
lowering or elevating of the apparatus A therewithin.

The springs 28, 29 exert the same resisting torce to
outward expansion of each gripping member 29 for dif-
ferent inside diameters of the casing C in which the tubing
anchor A can be used, With smaller inside diameters of
well casing, the retaining blocks 31 are shifted inwardly
of the body 10 to a greater extent; whereas, in large in-
side diameters of well casing, the retaining blocks 31 move
outwardly to a greater extent, such inward or outward
position relative to the body being permitted by the com-
pression or elongation of the springs 28, 29, and par-
ticularly by the auxiliary springs 29, which normally exert
a much lesser force than the outer, much heavier main
springs 28. Regardless of the inside diameter of the well
casing C in which the apparatus is used, the springs 28,29
are compressed to the same extent when its associated
gripping member or slip 20 is shifted into anchoring en-
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gagement with the well casing C. “This.is due to the fact
that each retaining block 31 engages the well casing at
all times, regardless of its inside diameter (within the
range of use of a particular anchor), and the gripping
membér must, therefore, be éxpatided outwardly to the
same position along the block 'to- bring it§ wickers into
anchoring engagement with the wall of the well casing.
In other words, the gripping member 26 occupies a final
position relative to the retdining block 31 which i the
sarhe, regardless of the inside diameter of the well casing
C. When the wickers 24 fitinly grip the well ¢asing, the
main springs 28 are preferably comipressed almost to solid
height.  Thus, with lesser inside diameters of casing, each
rétainer block 31 will be disposed inwardly of the body
10 to a greater extent than with greatet inside diameters
of casing, so that éach spring 28 mdy be initially com-
pressed to some extent before pressure is applied to the
gripping member, urgmg it outwalaly However, the
same firial pressure is required to bring the gripping niem-
ber 26 into anchoring engagement with the well casing,
regardless of its inside diameter, since the gripping mémi-
ber occupies the same final positioni with respéct to the
retaining block 31.
© In addition to functioning &s movable spring Seats,
and spring seats that extend a gréater distance from the
axis of the body of the apparatus so that longer and
heavier sprmgs 28, 29 can be incorporated in the appara-
tus A, the retaining blocks 31 also serve as centeung de-
vices or centering vanes tending to prevent the main body
18 of the apparatiis from léaning against one side of the
casing C. Accordingly, gréater assurance is had that the
main body 10 will be disposed in a position coaxial of
the well casing, insuring better gripping engagement of
the slips 20 with the wall of the well casing, with greater
ability to resist relatively large forces tending to shift the
anchor A longitudinally in the well casing C.

After the anchor A has served its purpose, the fluid
pressure therewithin may be relieved, the springs 28, 29
shifting the gripping members 2§ inwardly away from
the well casing, which enables the anchor to be moved in
the well casing to a different setting peint or, if desired,
to be removed -entirely from the well casing.

In the form of invention illustrated in FIGS. 1 to 5,
inclusive, a single set of circumferentially spaced gripping
members 20 is disclosed. In the form of invention illus-
trated in FIG. 6, the anchor is substantially the same as
in the form heretofore described, except for the fact that
sets -of longitudinally spaced gripping members 20q, 205
are illustrated. The upper set 28a is in staggered relation
to the lower set 28b, actually being displaced 90 degrees
from the lower set. With this arrangement, each grip-
ping member can have a.rather large diameter, which
reduces the number of gripping members necessary for
anchoring the apparatus against-the wall casing to with-
stand great longitudially . directed hydraulic  or -other
forces, since- the hydraulic pressure in the apparatus is
acting on each gripping member of much greater area.
Fach gripping member 20 in the other form of the in-
vention (FIGS. 1 to 5) can also bé. made of a much
greater cross-sectional area because of the ability to use
heavier springs 28, 29, which will also reduce the number
that are required.  The reduction of the number of grip-
ping members reduces the cost of the apparatus consider-
ably since fewer: parts and machining operations are re-
quired to produce the complete anchor A,

The inveniors claim;

1. In apparatus to be lowered in a well conduit: a body

: having a fluid passage and a lateral opening in the body
communicating - with said- passage; a gripping member
movable laterally in said opening and.movable by the

“pressure of fluid in said passage into gripping engagement

with the well conduit; a retaining member movable later-
ally on satd body and engageable with the well conduit;
and sprmg means engaging said retaining member and
gripping member to urge said gripping member laterally
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6
mwardly toward the axis of said body and. said retain-
ing member outwardly .against the well conduit.

2. In apparatus to be lowered in a well conduit: a body
having a fiuid passage and a lateral opening in the body
communicating with said passage; a gripping member
movable laterally in sdid opening in. leakproof relation
to the wall of said opening and movable by the pressure
of fluid in said passage into gripping éngagement with the
well conduit; a retaining member carried. by said body
and movable laterally thereof to and from the axis of said
body; and compresswn spring means engaging said ‘re-
tammg member and gripping member t6 urge said grip-
ping member laterally inwardly toward the axis of said
body and said retaining member outwardly against the
well conduit.

3. In apparatus to be lowered in a'well conduxt a body
having a finid passage and a lateral opening. in the body
communicating with said Ppassage; a gripping member
movable laterally in said opening in leakproof relation to
the wall of said opemnv and movable by the pressure of
fluid in said passage into gripping engagement with the
well conduit; a retaining member carried by said body
and movable laterally thereof to and from the axis of
said body; said gripping member being slidable along said
retaining member in moving to and from gripping en-
gagement with the well conduit; and a spring between and
engaging said retaining member and gripping member
and adapted to be compressed between said gripping
member and retalnlng member as sa1d gripping member
moves laterally in said épening toward the condult strlng

4. In apparatis.to be lowered in a well conduit: 4 body
having a fiuid passage and a lateral opening in the body
communicating with said passage; a gripping member
movable laterally in said opening and movable by the
pressure of fluid in said passage into gripping engagement
with the well conduit; a retaining member movable later-
ally on said body and engageable with the well conduit;
spring means engaging said retaining member -and grip-
ping member to urge said gripping member laterally in-
wardly toward the axis of said body; and means on said
body engageable with said retaining member to limit
its lateral outward movement on said body.

5. In apparatus to be lowered in a well conduit: a body
having a fiuid passage and a lateral opening in the body
communicating with said: passage; a gripping member
movable laterally in said opening -and movable by the
pressure of fluid in said passage into gripping engagement
with the well conduit; said body having guide means; a
retaining member slidable laterally in said guide means
and engageable with the well conduit; and spring means
engaging said retaining member and gripping member
to urge said gripping member laterally inwardly toward
the -axis of said body and said retaining member out-
wardly against the well conduit.

6. In apparatus to be lowered in a well conduit: a body
having a fluid passage and a lateral opening in the body
communicating -with said passage; a gripping member
movable laterally in sajd opening and movable by the
pressure of fluid in said passage into gripping engagement
with the well: conduit; said body having guide means;
a retaining member slidable laterally in said guide means
and engageable with the well conduit; said gripping mem-
ber being slidable along said: retaining member in  mov-
ing to and from -gripping engagement with the well con-
duit; and spring means engaging said retamng member
and gripping member to urge said gripping member later-
ally inwardly toward the axis of said body and said re-
taining member outwardly against the well conduit,

7. In apparatus fo be lowered'in a well conduit: a body
having a fluid passage and a lateral opening in the body
communicating with said passage; a gripping member
movable laterally in said opening and-movable by the
pressure of fluid in said passage into gripping engagement
with the well conduit; said body and gripping member .
having aligned guide portions; a retaining member in said
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guide portions and engageable with the well conduit; said
retaining member being slidable laterally along said body
guide portion and said guide portion of said gripping
member being slidable laterally along said retaining mem-
ber; and spring means engaging said retaining member
and gripping member to urge said gripping member later-
ally inwardly toward the axis of said body and said re-
taining member outwardly against the well conduit.

8. In apparatus to be lowered in a well conduit: a body
having a fluid passage and a lateral opening in the body
communicating with said passage; a gripping member
movable laterally in said opening and movable by the
pressure of fluid in said passage into gripping engagement
with the well conduit; said body and gripping member
having aligned grooves generally parallel to the axis of
the body; a retaining member in said aligned grooves
and movable laterally in said grooves relative to said
body and gripping member, said retaining member being
engageable with the well conduit; and spring means en-
gaging said retaining member and gripping member to
urge said gripping member laterally inwardly toward the
axis of said body and said retaining member outwardly
against the well conduit,

9. In apparatus to be lowered in a well conduit: a body
having a fluid passage and a lateral opening in the body
communicating with said passage; a gripping member
movable laterally in said opening and movable by the
pressure of fluid in said passage into gripping engagement
with the well conduit; said body and gripping member
having aligned grooves generally parallel to the axis of
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the body; a retaining member in said aligned grooves and
movable laterally in said grooves relative to said body
and gripping member, said retaining member being en-
gageable with the well conduit; and a spring between and
engaging said retaining member and gripping member
and adapted to be compressed between said gripping mem-
ber and retaining member as said gripping member moves
laterally in said opening toward the conduit string.

10. In apparatus to be lowered in a well conduit: a body
having a fluid passage and a lateral opening in the body
communicating with said passage; a gripping member
movable laterally in said opening and movable by the
pressure of fluid in said passage into gripping engagement
with the well conduit; said body and gripping member
having aligned grooves generally parallel to the axis of the
body; a retaining member in said aligned grooves and mov-
able laterally in said grooves relative to said body and grip-
ping member, said retaining member being cngageable
with the well conduit; a spring between and engaging
said retaining member and gripping member and adapted
to be compressed between said gripping member and re-
taining member as said gripping member moves laterally
in said opening toward the conduit string; and means on’
said body engageable with said retaining member to limit
its lateral outward movement in said body groove,
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