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57 ABSTRACT 
In accordance with an illustrative embodiment of this 
invention, an anchoring system for a retrievable well 
tool includes unitary slip elements that are expanded 
and retracted by the movement of associated slip ex 
panders in opposite longitudinal directions. The expan 
ders and slip elements have companion inclined expan 
der surfaces and oppositely disposed retractor surfaces 
with the angle of inclination of the retractor surfaces 
being substantially greater than the angle of inclination 
of the expander surfaces to prevent binding during ex 
pansion of the slip elements. 

12 Claims, 5 Drawing Figures 
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WELL TOOL ANCHORING APPARATUS 

This invention relates generally to well tools that are 
anchored against longitudinal movement in a well bore, 
and more specifically to a new and improved anchoring 
system for a well tool, such as a retrievable packer or 
a plug or the like, including slips that are expanded and 
positively retracted by associated expander means. 

It is typical practice in anchoring a well tool against 
movement in either longitudinal direction to provide 
opposed expanders that are movable relatively toward 
each other in order to expand a set of normally re 
tracted slips. The expanders each have outwardly fac 
ing inclined surfaces that slide against mating inner sur 
faces on the respective slip elements to wedge the slips 
laterally outwardly until the toothed outer peripheries 
thereof bite into and grip the surrounding well casing 
wall. Moreover, where the well tool is to be retrievable 
it is desirable to be able to reposition the slip elements 
in the retracted position when the expanders are moved 
relatively away from one another. Retractive move 
ment has been accomplished in several ways with per 
haps the most typical construction being to provide 
tongue and groove slidable spline connections between 
the rear or the side surfaces of each slip element and 
companion surfaces of the expanders, the connections 
causing each slip element to be drawn inwardly. An 
overriding consideration in the design of such struc 
tures is to prevent binding of the slidable splines during 
expansion of the slip elements, since once binding oc 
curs the effects are cumulative and additional force will 
only generate a greater binding action and can prevent 
the slips from being set at all. 
Several mechanisms have been used heretofore for 

setting as well as retracting a plurality of circumferen 
tially spaced slip elements. One system is disclosed in 
U. S. Pat. No. 3,507,327, wherein upper and lower sep 
arate sets of slips have slidable spline connections to 
the respective adjacent expanders and to a carrier ring 
located between the sets of slips. The slidable splines 
are in the form of tongue and groove connections be 
tween the side faces of the slips and the expanders as 
discussed above, and between the ends of the slips and 
the carrier ring. This construction, although reducing 
the possibility of binding action during setting, is con 
sidered to be an unduly complex structural arrange 
ment resulting in elevated manufacturing costs, due 
primarily to the sheer magnitude of separate connec 
tions involved. Another system is shown in U. S. Pat. 
No. 3,279,542, wherein the slip elements are single 
units that are disposed within windows of a slip cage 
and are not directly coupled to the opposed expanders. 
In this case the slip elements are not positively re 
tracted by movement of expanders away from one an 
other, which means that the slip elements can possibly 
drag against, or hang up on, internal wall surfaces of 
the well casing during running and retrieving, with re 
sultant damage to the slip teeth or other parts of the 
packer. 
The principle object of this invention is to provide a 

new and improved anchoring system including slip ele 
ments that are both expanded and positively retracted 
in response to movement of opposed expanders relative 
to each other, the system being constructed and ar 
ranged to prevent binding during setting as well as 
being simplified to reduce manufacturing costs. 
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2 
This and other objects are attained in accordance 

with the concepts of the present invention through the 
provision of an anchoring structure comprising a body 
member that carries a plurality of unitary slip means 
located between opposed expander means that are 
movable relatively toward each other and have inclined 
outer surfaces that slide against inclined inner surfaces 
on the slip means to shift the slip means outwardly. The 
slip and expander means are further provided with co 
engageable retractor surfaces that are also inclined and 
adapted to shift the slip means inwardly in response to 
movement of the expander means away from each 
other. However, the retractor surfaces are spaced lon 
gitudinally and angularly arranged with respect to the 
expander surfaces in a manner such that the retractor 
surfaces are in engagement only over the initial and the 
final portions of movement of the expanders with re 
spect to the slip means. The spacing prevents any bind 
ing action during expansion and yet provides for posi 
tive retraction of the slip elements by the expanders to 
enable retrieval. As an additional feature of the present 
invention, the angle of the retractor surfaces with re 
spect to vertical is chosen such that the rate of lateral 
movement of the slip elements is substantially greater 
during retraction than during expansion. 
The present invention has other objects and advan 

tages which will become more clearly apparent in con 
nection with the following detailed description of a pre 
ferred embodiment, taken in conjunction with the ac 
companying drawings in which: 
FIG. 1 is a somewhat schematic view of a well packer 

apparatus that incorporates the present invention and 
is shown with parts in the running-in position; 
FIG. 2 is a sectional view, with portions in side eleva 

tion, of a slip expander member in accordance with this 
invention; 
FIGS. 3 and 4 are side sections and frontal views, re 

spectively, of a slip member that coacts with the expan 
der member of FIG. 2; and 
FIG. 5 is fragmentary cross-sectional view to illus 

trate the relationship of the parts when the slips are set 
against a well casing. 

Referring initially to FIG. , there is shown somewhat 
schematically a well tool 10 which incorporates an an 
choring system that is constructed in accordance with 
the principles of the present invention. The well tool 10 
includes a central body member or mandrel 11 having 
its upper end connected to a tubing string 12 and which 
carries settable packing 13 mounted around a compres 
sion sleeve 14 having a fixed upper abutment 15 that 
engages the upper end of the packing. A lower abut 
ment 16 engages the lower end of the packing 13 and 
is movable relatively along the sleeve 14, the abutments 
being movable toward each other to cause compression 
and expansion of the packing into sealing contact with 
a well casing wall. The compression sleeve 14 can be 
coupled against movement along the mandrel 11 by 
spaced apart, outwardly directed shoulder 17 and 18, 
and a suitable seal ring 19 prevents fluid leakage be 
tween the members. Alternatively, a fluid bypass pas 
sage can be arranged between the sleeve i4 and the 
mandrel 1 and adapted to be closed off by a valve 
head at the upper end portion of the mandrel. The 
lower abutment 16 is fixed to the upper end of a sup 
port sleeve 20 that is corotatively coupled by splines 21 
to the lower end section of the compression sleeve, the 
support sleeve having its lower end connected to an 
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upper expander member 24. A lower expander expan 
der member 25 is carried by the mandrel 1 and is dis 
posed in opposition to the upper expander member 24, 
and a friction drag assembly 26 that may include, for 
example, spring biased drag blocks 27, in connected to 
the lower expander member. A clutch mechanism 28 
is located between the drag assembly 26 and the man 
drel 11 and includes a segmented clutch nut 29 having 
opposite hand threads that coact with spaced threaded 
sections 30 and 31 of the mandrel 11 to releasably lock 
the parts in either the running-in or the set position. 
The clutch is released in either case by rotating the 
mandrel 11 as will be recognized by those skilled in the 
art, and further details both as to construction and op 
eration may be had by reference to U. S. Pat. No. 
3,420,951, assigned to the assignee of this invention. 
A set 34 of normally retracted, unitary slip elements 

35 are disposed around the mandrel 11 in between the 
upper and the lower expander members 24 and 25. The 
plurality of slip elements, for example four, are main 
tained in the same horizontal plane through use of a 
band 36 that encircles the elements and is engaged 
within inwardly directed recesses 37 in each element. 
The head portions 38 and 39 of each slip element 35 
are provided with wickers or teeth 40 and 41 that are 
adapted to grip the wall of a well casing to prevent 
movement in either longitudinal direction. The slip ele 
ments 35 are arranged to be shifted outwardly by 
movement of the expander members 24 and 25 toward 
each other, and to be shifted inwardly to retracted posi 
tions by movement in the opposite direction as will be 
described more fully herebelow. 
FIG. 2 is a view to show detail of the upper expander 

member 24, and it will be appreciated that the lower 
expander member 25 has a substantially identical con 
figuration but with opposite orientation, so that refer 
ence numerals apply equally to both parts. The expan 
der member 24 is formed to have a generally tubular 
configuration and has internal threads 44 for connec 
tion to the sleeve 20. The member 24 is provided at cir 
cumferentially spaced locations with recesses 45 that 
receive the upper head portions 38 of the slip elements 
35. Each recess 45 is defined by a flat rear wall surface 
46 that is inclined downwardly and inwardly and ex 
tends between parallel side walls 47 and 48. The recess 
45 opens at 49 through the lower end surface 50 of the 
member 24 on a circumferential dimension that is less 
than the width of the inclined surface 46 so 
Referring now to FIGS. 3 and 4, the head portions 38 

and 39 to either end of each slip element 35 are some 
what wider than the connecting central portion 54, 
thereby to provide side projections with forwardly fac 
ing retractor surfaces 55 and 56 that are inclined on 
same angle as the respective retractor surfaces 53 of 
the expander members. As shown each head portion is 
wedge-shaped to have an inner surface 57 that is com 
panion in shape and inclination to the respective in 
clined surface 46 of the expander member 24. When 
the parts are fitted together, of course the head por 
tions 38 and 39 are disposed with the recesses 45, and 
the connecting portions 54 extend through the open 
ings 49. 

In operation, the parts are assembled as shown in the 
drawing and the slip elements 35 and the packing 13 
occupy retracted positions as the tool is lowered into 
the well bore to setting depth. The expander members 
24 and 25 are spaced the maximum distance away from 
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4. 
one another, and the retractor surfaces 53 and 56 are 
engaged to hold the slip elements 35 in their inner posi 
tions along side the mandrel 11. Of course the packing 
13 is not loaded and is also retracted. The drag blocks 
27 slide along the casing, and the parts are locked in re 
tracted positions since the clutch nut 29 is engaged 
with the lower mandrel threads 30. 
To set the tool, the pipe string 12 is rotated to the 

right to unthread from the clutch nut 29, whereupon 
the pipe string is lowered away to set the slip elements 
35 and to expand the packing 13. Since the drag blocks 
27 prevent downward movement of the lower expander 
member 25, lowering the mandrel 11 results in advanc 
ing the upper expander member 24 toward the lower 
expander member. The inclined surfaces 46 and 57 
slide relative to one another to cuase outward shifting 
of each slip element 35 until the teeth 40 and 41 grip 
the wall of the well casing as shown in FIG. 5. When 
this occurs, the upper expander member 24 cannot be 
moved any further downwardly, and thus supports the 
lower abutment 16 against downward movement. The 
application of the weight of the pipe string 12 to the 
mandrel causes the compression sleeve 14 with the 
fixed abutment 15 to move downwardly relative to the 
lower abutment, thereby compressing and exapnding 
the packing 13 into sealing contact with the well casing. 
The upper threads 31 on the mandrel 11 ratchet into 
the clutch nut 29, which traps the mandrel and the bal 
ance of the parts in the set condition. 

In set condition, of course, the inclined surfaces 46 
and 57 are of course engaged, however the retractor 
surfaces 53 and 56 have moved substantially apart due 
to the high inclination angle of the retractor surfaces in 
relation to the expander surfaces. Thus during setting 
movement it is highly unlikely, if not impossible, for the 
slip elements 35 to bind because of slight tilting action 
that may occur during such movement. In other words, 
during a substantial portion to the relative movement 
that occurs during setting, the retractor surfaces 53 and 
55 are receeding from one another and will not come 
into binding contact. Moreover, it is possible for one 
expander member to move somewhat away from the 
other, for one reason or another after the slips are set, 
without any inward force being exerted on the slip ele 
ment which is advantageous in retaining the anchored 
condition during pressure reversals or the like after the 
tool has been set. 
When it is desired to retract the slip elements 35 and 

the packing 13, the mandrel 11 is rotated to the right 
to unthread upwardly out of the clutch nut 29, where 
upon the mandrel can be elevated. The upper abutment 
15 is moved away from the lower abutment 6 so that 
the packing 13 can inherently relax, and the upper ex 
pander member 24 eventually is moved upwardly away 
from the lower expander meber 25. Over a final portion 
of the movement of the expanders away from one an 
other, the retractor surfaces 53 and 55 come back into 
engagement and cam the slip elements 35 inwardly. 
Due to the relatively large angle of the retractor sur 
faces, the slip elements 35 are shifted rather abruptly 
inwardly compared to the rate of outward movement. 
When the lower mandrel threads 31 have ratcheted 
back into engagement with the clutch nut 29, the parts 
of the packer are in the running position for removal 
from the well, or perhaps dispatch to another setting 
level in the well. 



3,749,167 
S 

It will now be recognized that a new and improved 
anchoring system has been disclosed for use in connec 
tion with retrievable well tools such as packers, plugs 
and tubing anchors. The unique arrangement of expan 
der and retractor surfaces prevents binding during set 
ting, and provides for positive retraction of the slips 
during release. The present invention has particular 
utility in connection with permanent-retrievable well 
packers of the type disclosed in my copending applica 
tion Ser. No. 257,405, filed May 26, 1972, assigned to 
the assignee of this invention. 
Since certain changes or modifications may be made 

in the disclosed embodiment without departing from 
the inventive concepts involved, it is the aim of the ap 
pended claims to cover all such changes and modifica 
tions falling within the true spirit and scope of the pres 
ent invention. 

I claim: 
1. Means for anchoring a well tool in a well bore in 

cluding a slip element having oppositely disposed head 
portions joined together by a central connecting por 
tion, each head portion having a toothed outer periph 
eral surface and an inclined inner surface, each head 
portion further having a retractor surface that is in 
clined at an angle that is substantially greater than the 
angle of inclination of said inner surface but less than 
90°. 

2. The anchoring means of claim 1 wherein each 
head portion is wider than said connecting portion to 
provide said retractor surface to the side thereof. 

3. The anchoring means of claim 2 wherein said slip 
element further includes a recess extending inwardly of 
said connection portion, said recess being arranged and 
adapted to receive a slip element retaining member. 

4. The anchoring means of claim 1 wherein said angle 
of inclination of said retractor surface is about 60 and 
the angle of inclination of said inner surface is about 
20. 

5. Apparatus for anchoring a well tool against longi 
tudinal movement in a well bore, comprising: slip and 
expander means movable longitudinally relative to 
each other to cause lateral movement of said slip 
means, said slip and expander means having compan 
ion inclined expander surfaces to cause lateral outward 
movement and companion inclined retractor surfaces 
to cause lateral inward movement, said retractor sur 
faces being inclined at an angle that is substantially 
greater than the angle of inclination of said expander 
surfaces but less than 90. 

6. The apparatus of claim 5 wherein said slip means 
has a head portion that is generally wedge shaped in 
such a manner that the expander surface thereof faces 
inwardly and the retractor surface thereof faces out 
wardly, said expander means having oppositely facing 
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6 
companion surfaces. 

7. The apparatus of claim 5 wherein said slip means 
has a head portion that is generally wedge shaped in 
such a manner as to provide a rearwardly facing expan 
der surface and forwardly facing retractor surfaces to 
either side thereof, said expander means having oppo 
sitely facing companion surfaces. 

8. The apparatus of claim 7 wherein said expander 
means comprises a generally tubular body having a re 
cess therein that is defined in part by said inclined ex 
pander surface, said body having retractor dogs to ei 
ther side of said expander surface with wall portions 
providing inwardly facing retractor surfaces. 

9. Apparatus for anchoring a well tool against longi 
tudinal movement in a well bore, comprising: upper 
and lower expander means movable relatively toward 
each other and away from each other; normally re 
tracted slip means disposed between and engaging said 
upper and lower expander means and adapted to be 
shifted outwardly in response to movement of said ex 
pander means toward each other and to be shifted in 
wardly in response to movement of said expander 
means away from each other; each slip means including 
an upper head portion coacting with said upper expan 
der means and a lower head portion coacting with said 
lower expander means, said head portions being joined 
together by a connecting portion to provide a unitary 
construction; each head portion having an inner in 
clined surface and outer inclined surfaces, said inner 
inclined surface being slidably engaged by a companion 
outer surface on a respective expander means, said 
outer inclined surfaces being adapted to coact with 
companion inner surfaces on a respective expander 
means to cause retraction of said slip means; the angle 
of inclination with respect to vertical of said outer in 
clined surfaces being greater than the angle of inclina 
tion of said inner inclined surface. 

10. The apparatus of claim 9 wherein said head por 
tions are wider than said connecting portion to provide 
transverse sections to either side thereof, said trans 
verse sections being defined in part by said outer in 
clined surfaces. 

11. The apparatus of claim 10 wherein each expan 
der means is tubular in form and has external recesses 
shaped and adapted to receive respective ones of said 
head portions, each recess being defined in part by said 
companion outer surface; each expander means having 
circumferentially projecting dog portions located to ei 
ther side of said recess and being defined in part by said 
companion inner surfaces. 

12. The apparatus of claim 1 wherein said inner sur 
faces are inclined at an angle of about 20 and said 
outer surfaces are inclined at an angle of about 60. 
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