Dec. 24, 1963 W. S. ALTHOUSE, JR., ETAL 3,115,189
: . SUBSURFACE WELL TOOL CONTROL MECHANISM
Filed Aug. 17, 1959 2 Sheets-Sheet 1

[i/ e ..10
B __ ,
T T
L—7S
N
— N
e N\
5' 1
\i
N
Y- N \\ N
‘-i h<
22N - ‘B
23 N
4 N b
4, PN -
2o+ N
5 211 il N
jgz < .. . " )
N
[ |
SN g \
WisLinnr 5. ArreovseJe
= duLian D, Krerrwann
INVENTORS.
7] BY
7 M— N M«, acest MM«(/

ArrornEYS.



Dec. 24, 1963

W. S. ALTHOUSE, JR., ETAL

3,115,189

SUBSURFACE WELL TOOL CONTROL MECHANISM

Filed Aug. 17, 1959

_152321;. égt

L/

43
e

37—
8

18—

I4

7 X XA A7

g2

FZEN

12

N

3/

E5—

NN

20

PRSSSSY

S4_1P

o /V/!/X/\X/A/ NN

a7z

L5

L7

2 Sheets-Sheet 2

F}Go 3‘

\ e vz
Nl
é‘% xf*“gg
g N 27
N \
C ‘\ \é—ﬁo
e P
§§ \_Q/-sa
34
v‘q; ¥ l 24
|27
27 R %
b — 29
RN 25
k__—ﬁa?
2 -y
27 N2
87 ) —aw
4L -
291 INS=-ENE
/& = 50
F75aN
&34
~ &1
oN— 70
N , L

Wiscionr S. Arrwovse, Je.

dutran D, Ee/rvaHN
INVENTORS.

BY

ATTORNEYS.



United States Patent O

3,115,189
Patented Dec. 24, 1363

CC

1

3,115,189
SUBSURFACE WELL TOOL CONTROL
MECHANISM

Willizm 8. Althouse, Jr., Arcadia, and Julian D. Keithahn,
Anaheim, Calif., sssignors {o Baker Off Teols, Inme.,

Yos Angeles, Calif., a corporation of Cailifornia

Filed Aug. 17, 1939, Ser. No, 834,348
9 Ciaims. (Cl. 166—-240)

The present invention relates to subsurface well devices,
and more particularly to devices embodying locking or
control mechanisms for preventing relative movement be-
tween parts of the devices until desired.

An object of the present invention is to provide a sub-
surface well tool embodying a control mechanism or de-
vice that precludes inadvertent release of the comtrol
mechanism from its condition locking tool parts in a de-
sired relation.

Another object of the invention is to provide a sub-
surface well tool embodying a control device that can
caly be released by a combination of rotation and longi-
tudinal or vertical movement of the tubular string, by
means of which the tool is lowered in a well bore, thereby
preventing undesired tool operation such as might resuit
from vertical movement of the tubular string alone, or
rotary movement of the tubular string alozne.

A further object of the invention is to provide a sub-
surface well tcol embodying a control device capable of
being piaced selectively in a released or locked condition,
replacement of the device in a locked condition resulting
automatically from vertical or longitudinal movement of
the running-in string on which the tool is lowered in a
well bore, no rotary motion of the running-in string being
required.

This invention possssses many other advantages, and
has other objects which may be made more clearly ap-
parent from a consideration of a form in which it may be
embodied. This form is shown in the drawings accom-
panying and forming part of the present specification. It
will now be described in detail, for the purpose of illus-
trating the general principles of the invention; but it is to
be understood that such detailed description is not to be
4aken in = limiting sense, since the scope of the invention
is best defined by the appended claims.

Referring to the drawings:

FIGURE 1 is a combined loagitudinal sectional and
side elevaticnal view of a subsurface well tool with cer-
tain of its parts locked in the position they occupy during
longitudinal movement of the well tool through a well
casing disposed ina well bors;

FIG. 2 is an enlarged longitudinal sectien through the
well tool illustrated in FIG. 1, showing certain parts
moved with respect to each other, but the too! still in its
locked condition;

FIG. 3 is a view similar to FIG. 2 with the tcol in ifs
unlocked condition, whereby it can be operated or set in
the well casing;

FIG. 4 is an enlarged cross-section teken along the line
4—4 on FIG. 1;

FIG. 5 is an enlarged cross-section taken elong the line
5 Son FIG. 1; :

FIG. 6 is an enlarged side elevational view of the con-
trol slot forming part of the locking mechanism or con-
trol device embodied in the well tocl.

The invention is illustrated in the drawings as being ap-
plied to a well packer A adapted to be secured to the
lower end of another tool B, such as an anchor, or a tubu-
lar string, such as tubing or drill pipe extending to the
top of the well bore. This combination is lowered in a
conduit string C, such as well casing, and is to be anchered
therein in packed-off condition at any desired location.
After having been anchored in packed-off condition in the
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well casing, the well tool A can be released therefrom and
moved longitudinally in the well casing to any other de-
sired location, or completely removed from the well cas-
ing.

The well packer A includes a main bedy 1§ having a
central, generally cylindrical portion 11 threadedly se-
cured to an upper body portion or sub 12, which is, in
turn adapted to be threaded onto the lower end of the
tubular string B, or tubular porticn of the upper tool.
The lower portion of the tool body may be threadedly
secured to a lower tubing D. The lower portion also has
a stop or guide device 13 secured thereto. As specifically
disclosed, the lower portion of the body has an external
flange 14 engaged on its lower side by a lower guide 15
and on its upper side by an upper guide 16, these two
guides being secured together and clamped against the
flange 14 by a plurality of longitudinally extending screws
17.

A slip stop and lock ring 18 is adapted to rest on the
upper end of the guide 13, this ring having an upwardly
extending rim portion 1% and receiving the lower portion
of a slip sleeve 29 extending upwardly from the ring, the
sleeve and ring being secured together by a plurality of
longitudinzally extending screws 21. - The sleeve, is pro-
vided with a plurality of circumferentially spaced longi-
tudinally extending grooves.22 in which the lower por-
tions of casing engaging slips 23 are contained. These
slips.extend upwardly from the sleeve and are cooperable
with an expander 24 which is slidable relatively on the
body 18, but which may preferably be initially secured
thereto by one or more shear screws 25, the lower end of
the expander being engageable with an upwardly facing
stop shoulder 26 on the body to limit the extent of down-
ward movement of the expander on the body. The ex-
pander is adapted to expand the siips 23 outwardly into
engagement with the wall of the well casing C by reason
of the cooperation between the downwardly and inwardly
tapering extermal surface 27 on the expander and inner
tapered surfaces 28 on the upper portions of the slips
which are engaged by the external surface.

Downward movement of the expander 24 within the
slips 23 will wedge the tapered surface of the expander
into the slips and urge the latter laterally outwardly to
imbed the external wickers 29 on the slips into the wall
of the well casing. In the form of device specifically
shown in the drawings, the slips are designed to anchor
the tool against downward movement in the well casing,
for which reason the wickers 29 face in a downward
dgirecticn. Of course, the apparatus is also usable in an
inverted position, in which event the slips 23 would an-
chor the tool to the casing against upward movement
therewithin.

The upper end of the expander 24 is engageable with
the lower portion of a packing structure 3§, which may
be in the form of a rubber or rubber-like packing sleeve
surrounding the body. The upper portion of the packing
sleeve is moulded to a threaded ring 31 that is threadedly
attached to a connecting ring 32 threadedly mounted on
the exterior of the upper body portion 12, and serving to
secure the packing structure 3¢ to the body. The con-
necting ring 32 may also serve as a gauge ring to mini-
mize the annular clearance space between the well tool
A and the well casing C through which the rubber pack-
ing material may tend to squeeze or be extruded during
use of the tool. In a similar fashion, the upper portion
of the expander 24 may have a lower gauge ring 33 at-
tached thereto, as by means of one or more screws 34,
this lower gauge ring being contactable with the lower
end of the rubber packing sleeve 30, which is also en-
gaged by the upper end of the expander 24, the ring 33
reducing the clearance space between the tool A and the
wall of the well casing C through which the rubber pack-
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ing material may tend to squeeze under high pressure
and/or temperature operating conditions,

The slips 23 are set upon downward movement of the
expander 24 relative thereto. To secure such relative
downward movement, retarding means are provided tend-
ing to resist longitudinal movement of the slips 23 in
the well casing. As disclosed, the retarding device is
formed on the lower portions of the slips themselves.
The retarding devices include friction drag block por-
tions 35 of the slip having outer faces 36 adapted to con-
tact the wall of the well casing C. Frictional contact be-
tween the drag block portions 35 of the slips and the cas-
ing wall is secured by a plurality of helical compression
springs 37 having their axes transverse to the axis of the
body. One or a plurality of springs may be disposed
in each slip groove 22, the inner portion of each spring
engaging the base of the groove and its outer portion
being located within a socket 38 in the slip adjacent its
casing engaging or friction drag face 36.

The extent of lateral outward movement of each slip
23 is limited, there being a lower finger or leg portion
39 on each slip adapted to engage the rim 19 of the stop
ring 18. Normally, when the tool is disposed within the
well casing C these leg portions 39 are located inwardly
by a substantial distance from the rim 19 of the stop ring.
However, when the tool A is out of the well casing C,
and in an unconfined condition, the springs 37 can urge
the lower portions 39 of the slips outwardly to the extent
limited by engagement of the leg portions 39 with the rim
19. When the tool is inserted in the well casing the upper
end of the casing will engage the tapered surfaces 40 of
the slips adjacent the foot portion 39, urging the slips 23
in an inward direction against the force of the springs 37.

Lateral outward movement of the slips is also limited
by a retaining ring 41 encompassing the sleeve 20 and
disposed in an external circumferential groove 42 formed
in the intermediate portions of the slips 23 below their
wickered surfaces 29 and above their drag portions 35.
The upper end of this ring 41 is engaged by a transverse
shoulder 43 extending outwardly from the upper end of
the slip sleeve 2¢, the lower end of the ring 41 being
adapted to engage the lower side of the slip grooves 42
for the purpose of pulling the slips 23 in a downward
direction when the tool is being lowered in the well cas-
ing. - The ring 41 also limits the extent of lateral out-
ward movement of the slips under the influence of the
springs 37, particularly when the tool A is unconfined
and out of the hole, the base portions of the slip grooves
42 engaging the inmer surface of the retaining ring 41.

Relative downward movement of the expander 24
within the slips 23 is prevented, until the latter are to be
ancheored against the well casing C at the desired setting
point therewithin, by a suitable control mechanism or
Iock device 50. As disclosed, this lock device consists
essentially of a J-type of slot 51 formed in the exterior
of the body 16 of the tool and adapted to receive a con-
trol or lock pin 52 secured to the lower stop ring 18, as
by being threaded thereinto. The lock slot has a longi-
tudinal leg portion 53 and also a lock or foot portion 54
extending from the lower end of the leg portion. When
the lock pin 52 is disposed in the lock or foot portion 54,
sufficient relative movement between the body 10 and the
slips 23 cannot occur for the purpose of causing the ex-
pander 24 to engage and shift the slips outwardly into
anchoring engagement with the wall of the well casing.
When the lock pin 52 is disposed in the longitudinal leg
portion 53, the body 1§ of the tool can be lowered to a
sufficient extent with respect to the slips 23 as to move
the expander 24 downward in the slips and rock the latter
outwardly into anchoring engagement with the wall of
the well casing.

During the location of the pin 52 in the foot portion
54 of the slot, downward movement of the body 1¢ will
be transmitted through the pin 52 to the stop ring 18 and
through the screws 21 to the slip sleeve 20, the sleeve
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shoulder 43 engaging the retaining ring 41 which will
engage the lower sides of the slip grooves 42 to move the
slips 23 in a downward direction with the body 0. The
expander 24 will also move downwardly with the body
because of the presence of the shear screws 25. How-
ever, even in the absence of the shear screw or screws 23,
the downward movement of the body 1§ will be trans-
mitted through the packing structure 3§ to the expander
24 to shift the latter in @ downward direction. Thus, suf-
ficient relative Iongitudinal movement between the ex-
pander 24 and the slip structure 23 cannot occur when
the Iock or control pin 52 is in the foot portion 54 of
the lock or control slot 51.

The skips 23 are capable of rocking or pivoting with
respect to the expander 24 and the well casing C. It is
to be noted that when the friction drag faces 36 of the
slips are fully engaging the wall of the well casing, the
inmer tapered surfaces 28 of the slips are disposed at an
angle to the companion tapered surface 27 on the ex-
pander 24, the tapered surfaces on the expander and slips
diverging with respect to each other in a downward direc-
tion. Similarly, the wickered faces 29 of the slips are
inclined to the wall of the well casing C, these faces and
the wall diverging from each other in an upward direc-
tion, the angle of divergence being substantially the same
as the angle of divergence between the expander surface
27 and the inner tapered slip surfaces 28. When the ex-
pander 24 is moved downwardly with respect to the slips
23, it rocks the latter about the upper end portions of the
drag block 35, which serve as fulcrum points against the
casing, urging the lower parts of the slips inwardly against
the force of the springs 37, the expander surface 27 com-
ing into full bearing engagement with the tapered slip
surfaces 28, which places the wickered faces 29 of the
slips substantially parallel to the wall of the well casing,
whereby the wickered faces of the slips can be wedged
along their entire length into the casing wall. When
the expander 24 is moved relatively in an upward direc-
tion out of the slips 23, the springs 37 will rock the slips
about their point of fulcrum contact with the well casing,
urging the lower porticns of the slips outwardly to cause
the drag blocks 35 to fully engage the casing wall C, and
swinging the upper wickered portions of the slips in-

_ wardly and completely out of engagement with the well

casing.

In the running and operation of the tool in the well
bore, the body 18 is elevated within the parts surrounding
it, until the foot portion 54 of the slot structure 51 re-
ceives the lock pin 52, the body being turned sufficiently
to the left so that the pin is disposed adjacent the vertical
end wall 68 of the foot poriion remote from the longitu-
dinal leg portions 53. When in this condition, the parts
occupy the position disclosed in either FIG. 1 or FIG. 2.
During lowering of the tool in the well casing, the drag
portions 35 of the slips will slide frictionally against the
wall of the well casing, causing the lock pin 52 to occupy
the position illustrated in FIG. 2 in which the pin is at
the upper end 61 of the lock or foot portion 54. The
slips 23 are caused to slide along the wall of the well
casing during the descent of the tool therewithin.

When the location in the well casing is reached at
which it is desired to sei the tool in packed-off condition,
the body 1@ of the tcol is appropriately manipulated, as.
more specifically described hereinbelow, to turn the slot
portion 51 of the body relative to the lock pin 52 and
place the latter in alignment with the longitudinal leg
portion £3. Such relative motion can occur inasmuch:
as the drag block portions 35 of the slips are resisting:
turning of the entire slip structure, including the stop
ring 8. The tubular string B and the body 18 of the
tool connected thercto can now be lowered, the packing
sleeve 3@ and expander 24 moving downwardly with the
body until the expander is shifted within the slips 23,
its tapered surface 27 engaging the upper ends of the
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slips and urging them in a lateral outward direction, the
slips rocking abouf the casing to move their wickered
anchoring portions 29 into engagement with the wall of
the casing, the lower portions 35, 39 of the slips being
rocked inwardly against the force of the springs 37. The
expander 24 moves dowawardly until there is full en-
gagement between its surface 27 and the slip tapered sur-
faces 28, the slips being shifted radially outward until
the wickers 29 are engaged fully with the wall of the well
casing C.

Further downward force imposed by the body 18 on
the expander 24 will shear the screws 25 and permit the
body 1% and packing structure 3§ to move downwardly.
The lower end of the packing sleeve 3§ then engages the
upper end of the expander 24, the upper body portion 12
moving downwardly toward the expander 24 to shorten
the rubber packing sleeve 3¢ and expand it laterally out-
wardly into sealing engagement with the wall of the cas-
ing C, as well as into firm sealing engagement with the
periphery of the body 19. During such downward move-
ment of the body, the lock pin 52 can move relatively
upwardly within the longitudinal leg portion 53 of the
control slot.

The desired operation can now be performed in the
well bore, and after it has been performed the apparatus
is released merely by elevating the tubular string B and
the body 1€. The friction drag block portions 35 of the
stips are still engaging the well casing C to resist upward
movement of the slips 23. However, the body 10 is
movable upwardly, the upper body portion 12 moving
away from the expander 24 to permit the packing sleeve
30 to retract inberently to its initial position. The shoul-
der 26 on the body engages the lower end of the expander
24 and moves it upwardly out of the slips 23, the springs
37 then rocking the slips back to their initial position, in
which the drag block portions 35 fully engage the wall
of the well casing C, and the upper wickers or anchor
portions 29 shift inwardly to their retracted positions.
At this time, the lock pin 52 is located at the lower por-
tion of the longitudinal leg 53 of the slot, permitting the
body 18 to be turned to the left to relocate the pin in
the lock or foot portion 54 of the slot. The apparatus A
czn now be elevated in the well casing and removed
entirely therefrom if desired, or it can be lowered in the
well casing to a new setting location, the dispositicn of
the pin 32 in the lock or foot portion 54 of the slot pre-
venting sufficient relative iongitudinal movement between
the expander 24 and slips 23 from occurring, to shift the
latter outwardly into engagement with the wall of the
well casing,.

The J-slot 51 is specifically designed and arranged to
preclude inadvertent movement of the lock pin 52 from
the foot portion 34 of the slot into the longitudinal leg
portion 53, and it is also designed such that the pin will
move automatically from the longitudinal leg portion 53
intc the foot portion 54 merely as a result of longitudinal
movement, such as elevation of the body in the well cas-
ing. The lock or foot portion 54 of the slot is formed
as an upper lock portion 62 extending upwardly from the
lower end of the longitudinal leg portion 53. This upber
Tock slot portion 62 includes the end vertical side wall 69
of the foot portion and also a tapered wall 63 which is
inclined in a downward direction toward the longitudinal
leg portion of the slot. The tapered wall 63 and the side
wall 60 meet at a coraer 61 adapted to receive the lock
pin 52, ' o

The foot portion 54 also includes a lower lock portion
64 that is defined by the side wall 60 and also by a lower
tapered wall 65 inclined upwardly toward the lbngit_u-
dinal leg portion 53, the lower tapered wall 65 and side
wall 68 meeting at a lower corner 66 adapted to receive
the lock pin 52. The upper tapered wall 63 and the lower
tapered wall ¢5 make a sufficiently steep angle so that
when either of them engages the lock pin 52 as a result
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of rotation of the body 16 of the tool, as to the right,
the lock pin 52 will not slide or be cammed along the
particular tapered wall toward the longitudinal leg portion
53. Instead, the drag portions 35 of the slips will slide
around the inner wall of the well casing C. In other
words, the drag device 35 will slide around the casing C
before the pin 52 can slide relatively along either of the
tapered walls 63, 65 as a result of rotation only of the
body 1¢ of the tool.

In the event that the apparatus is being lowered in the
well casing with the lock pin 52 occupying the position
illustrated in FIG. 2, which is the No. 1 position shown
diagrammatically in FIG. 6, any tendency for the body
16 of the tool to rotate to the right will merely be accom-
panied by dragging of the friction drag devices 35 around
the wall of the well casing. The control device will not
be placed in a released condition, in which the lock pin
52 moves relatively into alignment with the longitudinal
leg porticn 53 of the slot. The only manner of shifting
the lock pin 52 into such longitudinal position is to turn
the tubular string B and the body 19 of the tool to the
right (in the specific tool illustrated) and at the same time
elevate the body 18 of the tool, which will cause the
upper tapered wall 63 to slide upwardly along the lock
pin 52, until the latter is disposed in the No. 2 position
illustrated diagrammatically in FIG. 6, whereupon the
lowering of the tubular string B and the body 1® of the
too}l will be accompanied by the ability of the longitudinal
leg portion 33 of the body to slide downwardly along the
lock pin 52, allowing the expander 24 to be shifted behind
the anchor portions 22 of the slips 23 and shift them into
engagement with the wall of the well casing, allowing
the full setting of the well packer A to occur in the man-
ner described above.

In the event the parts of the apparatus are in their
retracted positions and the tubular string B and body i
of the tcol have moved upwardly, such that the lock
pin 52 is in the No. 3 position illustrated diagrammatically
in FIG. 6, the body 1§ of the tool cannot be turned to the
right, to cam the lock pin to the No. 2 positicn shown
in FIG. 6 merely as a result of such rotation, since
the angle of the tapered wall 65 is sufficiently steep, as
explained above, as to cause the drag device 35 to slide
arcund the wall of the well casing B. With the lock pin
in the No. 3 position as shown in FIG. 6, the only man~

‘ner of placing the lock pin 52 in the released position in
alignment with the longitudinal

=g portion 53 of the siot
ig to exert a right-hand turning effort on the tubular string
B and the bedy 0 of the tool, while at the same time
lowering the tubular string and body of the tool, which
will result in a downward sliding of the lower tapered
‘wall 65 of the slot along the lock pin 52, until the lock
pin is in the No. 2 position, whereupon dowaward move-~
ment of the body 1¢ of the tool relative to the lock pin
52 and the sleeve structure 8, 2§ can occur o effect
a setting of the well packer in packed-off condition within
the well casing.

in the event that the lock pin 32 were to be located
approximately midway between the MNo. 1 and No. 3
positions shown in FIG. 6, the inadvertent turning of the
body 1@ of the tool to the right could place the lock pin
in the released position, designated as the No. 2 position
in FIG. 6. To prevent this inadvertent action from occur-
ring, an intermediate island or stop 78 is provided in the
body in the foot portion 54 of the slot. This lateral pro-
icction is spaced from the side wall 6% of the foot g
distance slightly greater than the diameter of the lock
pin §2. It also has an upper tapered corner 73 which
may be parallel to the upper tapered wall 63 and spaced
therefrom a distance slightly greater than the diameter
of the pin 52, as well as a lower tapered corner 72 sub-
stantially paraliel to the lower tapered wall 65 and spaced
therefrom a distance slightly greater than the diamster
of the lock pin. The length of the island or stop 78 is



3,115,189

7

such that the lock pin 52, in clearing its upper portion as
a result of right-hand turning of the body 16 will engage
the upper tapered wall 3, and in clearing iis lower end
will engage the lower tapered wall 65 as a result of rota-
tion of the bedy in the right-hand direction. Thus, if the
pin 52 is between the MNo. 1 position and the upper end
of the island 70, turning alone of the body 18, and with-
out an accompanying upward motion of the body, will
cause the pin to engage the tapered wall 63 and remain
in engagement therewith. Similarly, in the event that the
pin s between the No. 3 position and the Iower end of
the island 79, then turning of the body 19 to the right wiil
cause the pin to engage the lower tapered wall 63 and re-
main in engagemsnt therewith, in the absence of down-
ward movement of the body 1% accompanying its right-

and rotation. ¥ the lock pin 52 is between the side wall

8 and the island 78, such as designated pesition MNe. 4
in FIG. 6, then it is apparent that rotation only of the
body 18 of the tool will cause the island 7¢ to engage
the pin, preventing the latter from moving into alignment
with the longitudinal leg postion §3.

Accordingly, it is evident that the pin 52 can only be
moved into its released position as a result of a combina-
tion of rotaticn of the body 18 of the tool, as to the right,
and its longitudinal movement. Such longitudinal move-
ment must either be in an upward direction if the lock pin
is in the MNo. 1 position, or in a downward direction if
the lock pin is in the No. 3 position. With the specific
tool disclosed, its setting can be effected by first setting
down on the tubular siring B and the body 1§ of the tocl
which will insure the relative location of the lock pin in
the No. 1 position whereupon the tubuler siring and the
body of the tocl are turned fo the right while elevated
slowly to cause the pin 52 to slide along the upper tapered
wall 63 until the MNo. 2 position is reached, whereupon the
body 18 of the tool can be lowered to effect setting of
the well packer against the well casing.

If the lock pin is in the MNo. 3 position, or along the
lower tavered wall 65 out of slignment with the longi-
tudinal leg portion 53, the only manner of setting the
tool is to lower the body 16 while turning it to the right.
Inasmuch as the operator normally doss not know just
where the lock pin 52 is located, he will first lower the
tool which will insure a relative shifting of the pin info

the upper leck portion 61, whereupon he will elevate *4

the body 16 while turning it to the right to move the pix
relatively to the No. 2 position, after which seiting of
the well packer can occur.

In the event that the pin 52 happens to be between the
island or stop 76 and the side wall 68 of the foot portion
of the slot, then lowering of the tool will insure relative
shifting of the lock pin to the No. 1 position, whereupon
elevation of the body combined with its turning to the right
will resuli in relative shifting of the lock pin to the No. 2
position, after which downward movement of the body 18
will effect setting of the well packer in the casing.

When the packer is to be released and the control
mechanism placed in the locked condition, it is merely
necessary to take an upward pull on the tubular string B
and the body 18 of the tool. The longitudinal leg por-
tion 53 of the slot will slide upwardiy along the pin 52,
which is prevented from moving by the engagement of
the friction drag device 38 with the wall of the well cas-
ing. When the pin engages the lower tapered wall 65 its
relatively stesp angle will result in a retation of the drag
device 35 (the entire siip structure) around the wall of
the well casing, the pin 52 shifting downwardiy along the
tapered wall €5 into the No. 3 position. ‘A combination
of rotation and longitudinal movement of the tubular
string B and body 18 of the tocl, as described above, is
then essential to a relocation of the lock pin in its re-
leased position in alignment with the longitudinal leg
portion 53 of the siot §1.

The inventors claim: :

1, In a subsurface well tecl: a body member adapted
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to be lowered in a weil bore on a running-in string; a
companion member on said body member movable longi-
tudinally with respect thereto; one of szid members hav-
ing a pin thereon; the other of said members having a
control slot in which said pin is relatively movabie, said
control slot incinding a longitudinal slot adapted to re-
ceive said pin to permit velative longitudinal movement
between said members, said conirel slot inciuding a lock-
ing slot extending laterally from said longitudinal siot
and merging thereinto, said locking slot comprising upper
and lower lock portions offset from said longitudinal slet,
said upper lock portion having a tapered side wail in-
clined downwardly at a steep angle from the upper end of
said upper lock portion toward and terminating af said
longitudinal slot and said lower lock porticn having a
tapered side wall inclined upwardly at a steep angle from
the lower end of said lower lock portion toward and
terminating at said longitudinal slot, whereby said side
walls converge towards each other in the direction of said
longitudinal slot and define an opening for said pin be-
tween said locking slot and said dongitudinal slot, one
of szid lock portions extending in the same direction as
said longitudinal slot but being substantially shorter than
said Iongitudinal slot; friction drag means secured to said
companion member and frictionally engageable with the
wall of the well bore to resist movement of said com-
panion member therewithin; the inclinations of said
tapered side walls being such that engagement between
said pin and either of said tapered side walls will couple
said members for rotaticn together and slide said drag
means around the wall of the well bore.

2. In a subsurfiace well tool: a body member adapted
to be lowered in a well bore on a running-in string; @
companion member on said body member movable longi-
#udinally with respect thereto; one of said members hav-
ing a pin therecn; the other of said members having a
control slot in which said pin is relatively movable, said
control slot including a longitudinal slot adapted to re-
ceive said pin to permit relative longitudinal movement
between said members, said control slot including a lock-
ing slot extending laterally from said longitudinal slot
and merging thereinto, said locking slot comprising upper
and lower lock portions offset from said longitudinal slot,
said upper lock portion having a tapered side wall in-
clined downwardly toward and terminating at said longi-
tudinal slot and said lower lock portion having a tapered
side wall inclined upwardly toward and terminating at
said longitudinal slot, whereby said side walls converge
towards each other in the direction of said longitudinal
siot and define an opening for said pin between said lock-
ing slot and said longitudinal slot, one of said lock por-
tions extending in the same direction as said longitudinal
slot but being substantially shorter than said longitudinal
slot; friction drag means secured to said companion mem-
ber and frictionally engageable with the wall of the well
bore to resist movement of said companion member
therewithin; the inclinations of said tapered side walls
being such that engagement between said pin and either
of said side walls will couple said members for rotation
together and slide said drag means around the wall of
the well bore. !

3. In a subsurface well tool: a body member adapted
to be lowered in a well bore on a running-in string; a
companion member on said body member movable longi-
tudinally with respect thereto; one of said members hav-
ing a pin thereon; the other of said members having a
control slot in which said pin is relatively movable, said
control slot including a longitudinal slot adapted to re-
ceive said pin to permit relative longitudinal movement
between said members, said control slot including a lock-
ing slot extending laterally from said longitudinal slot
and merging thereinto, said locking slot comprising upper
and lower lock portions offset from said longitudinal slot,
said upper lock portion having a tapered side wall in-
clined downwardly toward and terminating at said longi-
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tudinal slot and said lower lock portion having a tapered
side wall inclined upwardly toward and terminating at
said longitudinal slot, whereby said side walls converge
towards each other in the direction of said longitudinal
slot and define an opening for said pin between said lock-
ing slot and said longitudinal slot, one of said lock por-
tions extending in the same direction as said longitudinal
slot but being substantially shorter than said longitndinal
slot; said other of said members having a stop island in
said locking slot between and spaced from said tapered
side walls to allow relative combined rotary and longi-
tudinal movement of said pin through the spaces between
said tapered side walls and island and into said opening
and into said lengitudinal slot, said island being engage-
able with said pin to prevent relative shifting of said pin
from said locking slot into said opening as a result of
relative rotary motion only between said members.

4. In a subsurface well tool: a body member adapted
to be lowered in a well bore on a running-in string; a
companion member on said body member movable tongi-
tudinally with respect thereto; one of said members hav-
ing a pin thereom; the other of said members having a
control slot in which said pin is relatively movable, said
control slot inchuding a longitudinal slot adapted to re-
ceive said pin to permit relative longitudinal movement
between said members, said control slot including a lock-
ing slot extending laterally from said longitudinal slot
and merging thereinto, said locking stot comprising upper
and lower lock portions offset from said longitudinal slot,
said upper lock portion having a tapered side wall in-
clined downwardly toward and terminating at said longi-
tudinal slot and said fower lock portion having a tapered
side wall inclined upwardly toward and terminating at
said longitudinal slot, whereby said side walls converge
towards each other in the direction of said longitudinal
skot and define an opening for said pin between said lock-
ing slot and said longitudinal slot, one of said lock por-
tions extending in the same direction as said longitudinal
slot but being substantially shorter than said longitudinal
slot; said other of said members having a stop island in
said locking slot between and spaced from said tapered
side walls to allow relative combined rotary and longi-
tudinal movement of said pin through the spaces between
said tapered side walls and island and into said opening
and into said longitudinal slot, said istand being engage-
able with said pin #c prevent relative shifting of said pin
from said locking slot into said opening as a result of rel-
ative rotary motion oniy between said members; friction
drag means secured to said companion member and fric-
tionally engageable with the wall of the well bore to re-
sist movement of said companion member therewithin;
the inclinations of said tapered side walis being such that
engagement between said pin and either of said walls will
couple said members for rotation together and slide said
drag means around the wall of the well bore.

5. In a subsurface well tool: a body member adapted
to be lowered in a well bore on a running-in string; a
companion member on said body member movable longi-
tudinally with respect thereto; one of said members hav-
ing a pin thereon; the other of said members having a
condrol slot in which said pin is relatively movable, said
control slot including a longitudinal slot defined by
spaced side walls and adapted to receive said pin to per-
mit relative longitudinal movement between said mem-
bers, said control slot including a locking slot extending
laterally from said longitudinal slot and merging there-
into, said locking slot comprising upper and lower lock
portions offset from said longitudinal slot, said upper lock
portion being defined by a longitudinal side wall and a
tapered side wall spaced therefrom and inclined down-
wardly at a steep angle from the upper end of said upper
lock portion toward and terminating at one of the side
walls of said longitudinal slot, said lower lock portion
being defined by said longitudinal side wall and a tapered
side wall inclined upwardly at a steep angle from the
lower end of said lower lock portion toward and termi-
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nating at the other of said side walls of said longitudinal
slot, whereby said tapered side walls converge toward
each other in the direction of said longitudinal slot and
define an opening for said pin between said locking slot
and said longitudinal slot, one of said lock portions ex-
tending in the same direction as said longitudinal slot but
being substantially shorter than said longitudinal slot;
friction drag means secured to said companion member
and fricticnally engageable with the wall of the well bore
te resist movement of said companion member there-
within; the inclinations of said tapered side walls being
such that engagement between said pin and either of
said tapered side walls will couple said members for ro-
tation together and slide said drag means around the wall
of the well bore.

6. In a subsurface well tool: a body member adapted
to be lowered in a well bore on a runming-in string; a
companion member on said body member movable longi-
todinally with respect thereto; one of said members hav-
ing a pin thereon; the other of said members having a
conirol slot in which said pin is relatively movable, said
control slot including a longitudinal slot defined by
spaced side walls and adapted to receive said pin to per-
mii relative longitudinal movement between said mem-
bers, said control slot including a locking slot extending
laterally from said longitudinal slot and merging there-
into, said locking slot comprising upper and lower lock
portions offset from said longitudinal slot, said upper lock
portion being defined by a longitudinal side wall and a
tapered side wall spaced therefrom and inclined down-
wardly toward and terminating in one of the side walls
of said Iongitudinal slot, said lower lock portion being
defined by said longitudinal side wall and a tapered side
wall inclined upwardly toward and terminating at the
other of said side walls of said longitudinal slot, whereby

said tapered side walls converge toward each other in

the direction of said longitudinal slot and define an open-
ing for said pin between said locking slot and said longi-
tudinal slot, one of said lock portions extending in the
game direction as said longitudinal slot but being sub-
stantially shorter than said longitudinal slot; friction drag
means secured to said companion member and friction-
ally engageable with the wall of the well bore to resist
movement of said companion member therewithin; the in-
clinations of said tapered side walls being such that en-
gagement between said pin and eitber of said side walls
will couple said members for rotation together and slide
said drag means around the wall of the well bore.

7. In a subsurface well tool: a body member adapted
to be lowered in a well bore on a running-in string; a
companion member on said body member movable longi-
tudinally with respect thereto; one of said members hav-
ing a pin thereon; the other of said members having a
control slot in which said pin is relatively movable, said
control slot including w longitudinal slot defined by
spaced side walls and adapted to receive said pin to per-
mit relative longitudinal movement between said mem-
bers, said control stot including a locking slot exiending
laterally from said longitudinal slot and merging there-
into, said locking slot comprising upper and lower lock
portions offset from said longitudinal slot, said upper
lock portion being defined by e longitudinal side wall and
a tapered side wall spaced therefrom and inclined down-
wardly toward and terminating in one of the side walls of
said longitudinal slot, said lower lock portion being de-
fined by said longitudinal side wall and a tepered side
wall inclined upwardly toward and terminating at the
cther of said side walls of said longitudinal slot, whereby
said tapered side walls converge toward each other in the
direction of said longitudinal slot and define an opening
for said pin between said locking slot and said lomgitudi-
nal slot, one of said lock portions extending in the same
direction as said longitudinal slot but being substantially
shorter than said longitudinal slot; said other of said
members having a stop island in said locking slot be-
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tween and spaced from said longitudinal side wall and
said tapered side walls to allow relative longitudinal
movement of said pin between said longitudinal side wail
and island and relative combined rotary and longitudinal
movement of said pin between said tapered side walls
and island into said opening and into said longitudinal
slot, said island being engageable with said pin, when said
pin is disposed between said longitudinal side wall and
island, to prevent relative shifting of said pin from said
locking slot into said opening as a result of relative ro-
tary motion only between said members.

8. In a subsurface well tcol: a body member adapted
to be lowered in a well bore on @ running-in string; a
companion member on said body member movable longi-
tudinally with respect thereto; one of said members hav-
ing a pin therecon; the other of said members having a
control slot in which said pin is relatively movable, said
control slot including a longitudinal slot defined by
spaced side walls and adapted to receive said pin to per-
mit relative longitudinal movement between said mem-
bers, said control slot including a locking slot extending
laterally from said longitudinal slot and merging there-
into, said locking slot comprising upper and lower lock
portions offset from said longitudinal slot, said upper
lock vortion being defined by a longitudinal side wall and
a tapered side wall spaced therefrom and inclined down-
wardly toward and terminating in one of the side walls
of said Iongitudinal slot, said lower lock portion being
defined by said longitudinal side wall and a tapered side
wall inclined upwardly toward and terminating at the
other of said side walls of said longitudinal slot, whereby
said tapered side walls converge toward each other in the
direction of said longitudinal slot and define an opening
for said pin between said locking slot and said longi-
tudinal slot, one of said lock portions extending in the
same direction as said longitudinal slot but being sub-
stantially shorter than said longitudinal slot; said other
of said members having a stop island in said locking slot

ctween and spaced from said longitudinal side wall and
said tapered side walls to allow relative longitudinal
movement of said pin between said longitudinal side wall
and island and relative combined rotary and longitudinal
movement of said pin between said tapered side walls
and island into said opening and into said longitudinal
slot, said island being engageable with said pin, when said
pin is disposed between said longitudinal side wall and
island, to prevent relative shifting of said pin from said
locking slot into said opening as a result of relative rotary
motion only between said members; friction drag means
secured to said companion member and frictionally en-
gageable with the wall of the well bore to resist move-
ment of said companion member therewithin; the in-
clinations of said tapered side walls being such that en-
gagement between said pin and either of said tapered side
walls will couple said members for rotation together and
slide said drag means around the wall of the well bore.

9. In a subsurface well tool: a body member adapted
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tc be lowered in a.well bore on a running-in string; a
companion mempber on said body member movable longi-
tudinally with respect thereto; one of said members hav-
ing a pin thereon; the other of said members having a
control slot in which said pin is relatively movable, said
control siot including a longitudinal siot adapted to re-
ceive said pin to permit relative longitudinal movement
between said members, said control slot including a lock-
ing slot extending laterally from said longitudinal slot
and merging thereinto, said locking slot comprising up-
per and lower lock portions offset from said longitudinal
siot, said upper lock portion having a tapered side wall
inclined downwardly at a steep angle from the upper end
of said upper lock portion toward and terminating at
said longitudinal slot and said lower lock portion having
a tapered side wall inclined upwardly at a steep angle
from the lower end of said lower lock portion toward
and ferminating at said longitudinal slot, whereby said
tapered side walls converge toward each other in the
direction of said longitudinal slot and define an opening
for said pin between said locking slot and said longitudi-
nal slot, one of said lock portions extending in the same
directicn =s said longitudinal slot but being substantiaily
shorter than said longitudinal slot; said other of said
members having a stop island in said locking slot between
and spaced from said tapered side walls to allow relative
combined rotary and longitudinal movement of said pin
through the spaces between said tapered side walls and
island and into said opening and into said longitudinal
slot, said island being engageable with said pin to pre-

vent relative shifting of said pin from said locking slot

into said opening as a result of relative rotary motion
only between said members; friction drag means secured
to said companion member and frictionally engageable
with the wall of the well bore to resist movement of said

companion member therewithin; the inclinations of said

tapered side walls being such that engagement between
said pin and either of said side walls will couple said
members for rotation together and slide said drag means

around the wall of the well bore.
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