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This invention relates to well tools and more particu 
larly to locking mechanisms for releasably locking Well 
tools in a well flow conductor and to an expansible lock 
ing member for use in such locking mechanisms. 
An object of this invention is to provide a new and 

improved locking mechanism for locking a well tool, 
such as a plug, in a predetermined position in a flow con 
ductor. 

Another object is to provide a locking mechanism hav 
ing an expandable locking member movable outwardly 
from a retracted position relative to the tool toward an 
expanded position wherein it projects outwardly of the 
well tool and into position to be engaged by an internal 
shoulder of the well flow conductor to limit movement 
of the well tool in the flow conductor. 

Still another object is to provide a locking mechanism 
wherein the expandable locking member is very flexible 
to facilitate its expansion but has great strength to pre 
vent its crushing or deformation when subjected to Severe 
StreSSeS. 
A further object is to provide an expandable locking 

member for use in a locking mechanism which includes 
a substantially circular coil or garter spring and a central 
substantially circular core extending through the spring 
whereby the solid central ring prevents crushing of the 
garter spring while at the same time the locking 
member is quite flexible and is easily moved from its re 
tracted position to its expanded position. 
A still further object is to provide an expandable lock 

ing member substantially circular in form which has a 
relatively great thickness but is more flexible than a solid 
member of the same material and thickness, a coil or 
garter spring disposed about a solid core, the garter spring 
providing the desired thickness and the core preventing 
crushing or deformation of the spring upon the imposi 
tion of a shearing force on the locking member parallel 
to the central axis of the locking member. 
Another object is to provide a locking member in the 

form of a split ring to facilitate its assembly in the lock 
ing mechanism. 

Still another object is to provide a locking member 
wherein the core ring is segmented to facilitate fabrica 
tion of the locking member. 

Additional objects and advantages of the invention 
will be readily apparent from the reading of the following 
description of a device constructed in accordance with 
the invention, and reference to the accompanying draw 
ings thereof, wherein: 
FIGURE 1 is a partly sectional view of a well tool 

provided with the locking mechanism embodying the in 
vention and showing the well tool as it appears during 
its movement to a predetermined position in a well flow 
conductor at which it is to be locked in place; 
FIGURE 2 is a fragmentary sectional view showing 

the well tool locked in the predetermined position in 
the well flow conductor and also showing a running tool 
for moving the well tool to the predetermined position; 
FIGURE 3 is a partly sectional view, with some parts 

broken away, of the expandable locking member of the 
locking mechanism; 
FIGURE 4 is a top view, with some parts in section 

and broken away, showing the expandable lock member 
in its expanded position; 
FIGURE 5 is a sectional view showing a modified form 

of the expandable locking member; and, 
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FIGURE 6 is a sectional view of another modified 

form of the expandable locking member. 
Referring now particularly to FIGURES 1 through 

4 of the drawing, the plug 10 embodying the invention 
is employed to plug the well flow passage 13 of a nipple 
14 which is threaded at its opposite ends so that it may 
be connected in and constitute a section of a flow con 
ductor such as a well head or a string of tubing. The 
plug includes a body 16 having an upwardly opening 
central recess 18 in which is threaded the lower end of 
a tubular mandrel. 19. The tubular mandrel has an in 
ternal annular flange 21 at its lower end whose lower end 
surface engages the upper surfaces of an O-ring 22 or 
other suitable seal means disposed in the annular up 
wardly opening recess 24 of the internal flange 25 of 
the body. The O-ring 22 is adapted to engage the inter 
mediate seal surface 28 of a pressure equalizing valve 30 
to prevent flow of fluid through the longitudinal flow 
passage 31 of the body and the flow passage 33 of the 
mandred 19 when the valve is in the upper position in the 
body illustrated in FIGURES 1 and 2. 
The valve has an external annular flange 34 whose 

upper surface 36 engages the downwardly facing annular 
shoulder 37 of the internal flange 25 of the body 16 to 
limit upward movement of the valve in the body. The 
valve is biased upwardly towards its closed position by 
a coil spring 40 disposed in the flow passage 31 whose 
upper end engages the lower end surface 42 of the valve 
and whose lower end engages the retainer pin 44 dis 
posed in suitable lateral bores 45 of the reduced lower 
portion 46 of the body and extending diametrically across 
the flow passage 31. 
The upper reduced end portion 48 of the valve ex 

tends upwardly into the mandrel 19 where it is engageable 
by a suitable tool inserted into the mandrel to cause down 
ward movement of the valve to open position when it is 
desired to open the valve to equalize pressures across 
the well tool when the well tool is in locked position in 
the nipple i4. The beveled surface 49 between the lower 
end of the upper portion 48 and the intermediate portion 
providing the sealing surface 28 is beveled to facilitate 
movement of the sealing surface 28 into engagement with 
the O-ring 22 as the valve moves upwardly from its open 
position wherein the sealing surface is below and spaced 
from the O-ring to its closed position. 
The body 16 of the plug has an external annular re 

cess 51 in which is disposed an O-ring 52 adapted to en 
gage the internal seal surface 53 of the nipple 14 below 
the internal annular upwardly facing shoulder 54 of the 
landing nipple which is engageable by the annular ex 
ternal downwardly facing shoulder 55 to limit downward 
movement of the body in the landing nipple. 
A tubular expander 56 is mounted for limited longi 

tudinal movement on the mandrel 19 between the upper 
position illustrated in FIGURE 1 wherein its upward 
movement is limited by the engagement of its upwardly 
facing annular shoulder 57 with the downwardly facing 
annular shoulder 58 of the external annular flange 60 
at the upper end of the mandrel and the lower position 
illustrated in FIGURE 2 wherein its downward move 
ment is limited by the engagement of its downwardly 
facing shoulder 61 with the upwardly facing annular 
shoulder or surface 63 of the body defining the lower end 
of the annular upwardly opening recess 64 in the upper 
end of the body into which is telescopable the lower end 
portion of the expander. 
The expander is enlarged at its lower end to provide 

the annular retainer surface 66 about which the expand 
able locking member 68 is disposed when the expander 
member is in its upper position. The expander also has 
al upwardly and outwardly beveled expander surface 70 
which cams or moves the expander member outwardly 
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upon downward movement of the expander member rela 
tive to the mandrel and the locking member 68. The 
expander surface extends from the upper end of the an 
nular retainer surface 66 to the lower end of the annular 
locking surface 72 of greater diameter than the retainer 
surface which holds the locking member in locked and 
expanded position when the expander is moved to its 
lower position. A retainer flange 74 extends outwardly 
of and above the locking surface to provide a downward 
ly facing shoulder 75 which prevents accidental upward 
displacement of the locking member relative to the ex 
pander during any movement of the well tool through a 
flow conductor. The upper end of the expander has an 
external annular flange 77 which provides the annular 
undercut shoulder 78 which may be engaged by a suitable 
pulling tool. 
The expandable locking member 68 includes a substan 

tially annular coil or garter spring 80 through whose coil 
extends a split resilient core ring 81. The extreme free 
end portions 83 and 84 of the spring are crimped in 
wardly to engage the end surfaces 85 and 86, respectively, 
of the core ring to prevent displacement of the core ring 
from the spring. The core ring is made of a resilient 
metal and its inherent position is that illustrated in FIG 
URE 3 wherein its ends overlap so that the locking mem 
ber 68 must be expanded when it is positioned on the ex 
pander and in engagement with the lower retainer surface 
66 whereby the locking member is resiliently biased to 
wards gripping engagement with the retainer Surface so 
that the locking member will not move outwardly from 
the retainer surface until a longitudinal acting force is 
applied thereto. 
The locking member is positioned in alignment with the 

internal annular locking recess 88 of the nipple when the 
body 16 of the plug is in the lowermost position in the 
nipple illustrated in FIGURE 2 with its downward move 
ment arrested by the engagement of its stop shoulder 55 
with the stop shoulder 54 of the nipple. 

During downward movement of the expander on the 
mandrel from the upper position illustrated in FIGURE 
1 relative to the mandrel and the body to the lower posi 
tion illustrated in FIGURE 2, the locking member is 
engaged by the expander surface or shoulder 70 of the 
expander and is moved thereby to its expanded position 
wherein its outer portions extend outwardly of the body 
above the upwardly facing annular end surface 87 of the 
body and are received in the internal annular lock recess 
88 of the landing nipple to engage the upwardly and in 
wardly beveled lock shoulder 89 defining the upper end 
of the internal lock recess to limit upward movement of 
the well tool in the landing nipple. The locking sur 
face 72 then holds the locking member in expanded posi 
tion and any upward movement of the body now causes 
its top end surface to engage the lower surface of the 
locking member and since the upper surfaces of the lock 
ing member now engage the lock shoulder 89 of the 
nipple, the plug is held against upward movement in the 
nipple by the locking member. 
In use, if the landing nipple 14 is connected in a well 

head, the lower end of a rod, not shown, may be threaded 
in the internally threaded upper end portion 92 of the 
mandrel. The plug is then lowered into the well head 
and into the landing nipple 14 thereof with the expander 
disposed in its upper position with its retainer surface 
66 in engagement with the locking member 68 which is 
now in retracted position with no portion thereof ex 
tending outwardly of the body and with its lower surfaces 
engaging the top end surface. The frictional engagement 
of the lock ring which resiliently grips the lower retainer 
surface 66 of the expander holds the expander in its 
upper position, any downward movement of the expander 
being limited by the engagement of the beveled expander 
surface 70 of the expander with the top surface of the 
locking member since the lower surface of the locking 
member may engage the top end surface, 87 of the body. 
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4. 
If desired, the expander may be held in its upper posi 
tion by a shear screw 93 which extends through a suit 
able aperture of the mandrel into a threaded bore of the 
mandrel 9. 
When the plug has been lowered into the well head 

and moves into the nipple connected therein, the O-ring 
52 moves into Sealing engagement with the sealing sur 
face 53 as it moves downwardly past the upwardly facing 
shoulder 54 which is beveled downwardly and inwardly 
to facilitate passage of the O-ring therepast without in 
jury or damage to the O-ring. As the plug is moved fur 
ther downwardly in the well head and the nipple by means 
of such rod, the downward movement of the body 16 of 
the plug and therefore of the mandrel 19 which is rigid 
therewith is stopped by the engagement of the shoulder 
55 of the body with the upwardly facing shoulder 54 of 
the nipple. At this time, the locking member 68 is posi 
tioned in alignment with the lock recess 88 of the land 
ing nipple below the upper lock shoulder 89 thereof. 
A suitable pipe or sleeve may then be telescoped down 

wardly over the rod connected to the mandrel to engage 
either the upwardly facing top surface 95 or the inter 
mediate upwardly facing annular shoulder 96 of the ex 
pander. A downwardly acting force exerted through 
such sleeve or pipe on the expander moves it downward 
ly on the mandrel. If the shear screw 93 is employed, the 
shear screw 93 is sheared to permit such downward move 
ment of the expander. Such downward movement of 
the expander now causes the beveled expander surface 
70 to expand the locking member radially and move it 
outwardly to the position illustrated in FIGURE 2 where 
in outer portions of the locking member extend into the 
lock recess in position to be engaged by the upper lock 
shoulder 89 and the locking surface 72 moves inwardly 
of the locking member and holds it in such expanded posi 
tion. The locking member is easily moved to its expanded 
position because it is quite flexible since the split core ring 
81 has a relatively small cross-sectional area or thickness 
and since the spring 80 flexes easily and its coils may move 
readily relative to one another. 
When downward movement of the expander is stopped 

by the engagement of the shoulder 61 of the expander 
with the upwardly facing shoulder 63 of the body, the 
pipe or sleeve which is telescoped over the rod is removed 
and the rod is then unscrewed from the upper end of the 
mandrel 19, the frictional engagement of the O-ring 52 
preventing rotation of the mandrel and body during this 
operation of removal of the rod. When the rod is re 
moved from the well head, the plug is left in position 
closing the flow passage of the nipple since the O-ring 52 
is now in sealing engagement with the seal surface 53 
below the shoulder 54 and since the pressure equalizing 
valve 30 is held in its upper position by the spring 40 and 
prevents any upward flow of fluids past the plug. The 
plug is held against downward movement in the flow con 
ductor by the engagement of the shoulders 55 and 54 of 
the plug and of the nipple, respectively, and against up 
ward movement by the engagement of the locking mem 
ber with the downwardly facing lock shoulder 89 of the 
lock recess 88. 

It will be apparent that the locking member has a large 
annular or circular area engaged with the lock shoulder 
89 and, since the coil spring 80 cannot be deformed or 
crushed by longitudinally acting forces which tend to move 
the plug upwardly, the plug will be held in position even 
though large upwardly acting pressure differentials may 
exist across the plug. 
When it is desired to remove the plug from the well 

head, any suitable well known pulling tool, for example, 
the Type B Otis Pulling Tool illustrated on page 3933 
of the Composite Catalog, Oil Field Equipment and 
Services, 1960-61 edition, may be lowered into the well 
head. The prong attached to such pulling tool enters into 
the mandrel 9, engages the upper end of the extension 
48 of the pressure relieving valve and moves it down 



3,250,331 
5 

Wardly to open position as the pulling tool is moved 
downwardly in the nipple to the position wherein its dogs 
move below and engage the undercut shoulder 78 of the 
upper flange 77 of the expander. Opening the pressure 
equalizing valve 30 permits the pressure across the plug 
to be equalized. 
Upward movement of the running tool then causes the 

expander to be moved upwardly on the mandrel until its 
upwardly facing shoulder 57 engages the downwardly 
facing shoulder 58 of the mandrel 19. During such up 
ward movement of the expander, the locking surface 72 
and the expander surface 70 are moved upwardly rela 
tive to the locking member which retracts radially due 
to its inherent resilience as the expander surface moves 
therepast to engage the retainer surface 66 of decreased 
diameter. The locking member is held against upward 
movement until it moves to retracted position by its en 
gagement with the downwardly facing lock shoulder 89 
of the nipple. When the upward movement of the ex 
pander is stopped by the engagement of its shoulder 57 
with the shoulder 58 of the mandrel, continued upward 
movement of the running tool will cause the plug 10 to 
be moved upwardly and out of the nipple in the well head 
since the locking member is now in retracted position 
and cannot engage the lock shoulder 89 of the nipple. 

Should the locking member, for any reason, fail to 
move back to its retracted position when the expander 
surface 70 moves upwardly therepast, upon force im 
parted to the body i6, when the upward movement of 
the expander relative to the mandrel is arrested by the 
engagement of the shoulders 57 and 58, will cause an 
upward force to be exerted on the locking member and 
the camming action between the outer surface of the lock 
ing member and the upwardly and inwardly beveled lock 
shoulder 89 will move the locking member back to its 
retracted position and permit upward removal of the plug 
from the well head. 

If the nipple 14 is connected in a string of tubing and 
it is then desired to lower the plug into position in the 
nipple by means of the usual flexible line tool assembly 
which may include jars, the plug is releasably connected 
to such flexible line tool assembly by means of a run 
ning tool 100 whose lower tubular skirt 101 telescopes 
over the external annular fiange 60 at the upper end of the 
mandrel and is releasably secured to the mandrel by 
means of shear pins 102 received in the tangential grooves 
183 of the external flange 60 and which extend through 
suitable internal grooves 104 of the running tool. The 
lower end of the annular end surface of the skirt then 
engages the upper end surface 95 of the expander which 
is held in its raised position by the shear screw 93. The 
running tool is provided with an upwardly extending 
threaded pin, not shown, by means of which it is con 
nected to the flexible line tool assembly which in turn is 
connected to the lower end of a flexible line so that the 
plug may be lowered thereby through the string of tubing 
until the downward movement of the plug is stopped by 
the engagement of the shoulder 55 thereof with the up 
wardly facing shoulder 54 of the nipple. Downward jars 
are then imparted to the running tool in the usual manner 
by the jars of the tool assembly which first cause shearing 
of the shear pins 102 to free the running tool 100 for 
downward movement relative to the mandrel and then 
cause shearing of the shear screw 93. Further downward 
jars imparted to the running tool then cause the expander 
56 to move downwardly relative to the mandrel, the lock 
ing member being moved to its radially expanded posi 
tion by the expander surface 70 as the expander moves 
downwardly on the mandrel to the position illustrated in 
FIGURE 2. The running tool may then be raised from 
the well since it now is no longer connected to the 
mandrel. 
The plug 10 may, of course, be removed from the 

nipple 14, when the nipple is connected in the string of 
tubing, in the same manner and by the use of the same 

10 

20 

30 

6 
pulling tool as when it is mounted or connected in a well 
head. Such pulling tool would be lowered into the string 
of tubing preferably by means of a flexible line. 

It will now be seen that a new and improved well tool 
has been illustrated whose locking mechanism includes a 
substantially annular resilient member which is expand 
able radially outwardly upon the longitudinal movement 
of an expander relative to the body of the well tool when 
downward movement of the body through a flow conduc 
tor is arrested. 

It will further be noted that the expander member is 
easily moved to its expanded position since it includes a 
coiled spring of annular shape having a reinforcing mem 
ber or core substantially annular in configuration which 
extends through the coil spring, the core being of relative 
ly small thickness or cross-sectional area. 

It will further be noted that the locking mechanism is 
of extremely simple construction and that the substantially 
annular coil spring provides a very large annular area of 
contact between with the locking shoulder 89 which it en 
gages to lock the well tool in position against upward dis 
placement in a flow conductor and that the provision of 
the core extending through the coils of the spring imparts 
great strength to the locking member whereby the lock 
ing member may hold a well tool in locked position in a 
well flow conductor even when an extremely high pres 
sure differential exists across the well tool, 
The locking member 125 illustrated in FIGURE 5 may 

be used in place of the locking member 68 and is sub 
stantially similar in structure having a coil orgarter spring 
126 of substantially annular configuration having ring 
Segments 127 which extend through the coils of the spring. 
One of the segments preferably spans the gap between the 
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ends of the coil spring to hold the ends of the spring 
against displacement relative to one another. It will be 
apparent that the ring segments may easily be inserted 
in the coils of the spring and that they prevent crushing 
or deformation of the spring in the same manner as does 
the split ring 81 of the locking member 68. If desired, 
the adjacent free ends 128 and 129 of the coil spring 126 
could be connected together as by welding or soldering. 
The ring segments 127, unlike the split core ring 81, do 
not resiliently resist the radial expansion of the locking 
member since they are free to move relative to one 
another. 
The locking member 135 illustrated in FIGURE 6 may 

also be used in place of the locking member 68 and in 
cludes a coil spring 136 which is provided with ring seg 
ments 137 which extend through the coils thereof. The 
Spring 136 is a continuous spring and rectangular in cross 
Section in order to provide a large surface area of con 
tact with the ring segments and with the top end surface 
87 of the body 16 so that the locking member provided 
with the coil spring of such rectangular cross-sectional 
area can withstand very high compressive forces without 
deformation or failure of the coil spring. It will be ap 
parent that the coil spring 80 and the coil spring 126 
could als obe rectangular in cross-sectional configuration. 

It will now be apparent that each of the locking mem 
bers illustrated and described is annular in shape and 
formed of the coil spring whose coils are wound about an 
annular axis and in which is disposed a reinforcing or core 
means, such as the split ring 81 or the ring segments 127 
or 137 and that the locking member is easily radially ex 
panded, as by the movement of the expander surface 70, 
therethrough, due to the coil construction of the spring 
and that reinforcing or core means which extends through 
the coils of such springs prevents deformation or crushing 
of the springs which would otherwise occur if such re 
inforcing members were not present. 

It will also be apparent that the core means may be 
in the form of a resilient split ring or a plurality of arcu 
ate or ring segments and that the coil spring itself may 
be in the form of a split ring or in the form of a com 
plete or continuous ring. 
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It will further be seen that in each of the forms the in 
herent internal diameter of the annular locking member is 
smaller than the diameter of the retainer surface 66 so that 
the locking member will engage and grip the retainer sur 
face 66 and, when moved to radially expanded position by 
the expander surface 70, will tend to move back radially 
to its retracted position due to its own inherent resilience. 

It will further be apparent that each form of the locking 
member comprises a resilient member wound in coils 
about an annular line or axis and disposed substantially 
annularly about the central axis of the annular axis about 
which the coils are wound whereby the resilient member 
forms a ring and that the reinforcing means whether of 
the split ring type or the ring segment type are disposed 
annularly about such central axis. 
The foregoing description of the invention is explana 

tory only, and changes in the details of the construction 
illustrated may be made by those skilled in the art, within 
the Scope of the appended claims, without departing from 
the spirit of the invention. 
What is claimed and desired to be secured by Letters 

Patent is: 
it. A well tool for use in a flow conductor provided 

With a pair of longitudinally spaced oppositely facing stop 
means including: a body having stop means for engaging 
cone of Said stop means of said flow conductor to limit 
movement of said well tool in one direction through said 
flow conductor; and a substantially annular locking mem 
ber carried by said body comprising a substantially an 
nular member having helical coils extending about an 
annular axis, and a plurality of spaced arcuate core seg 
ments disposed in Substantially annular alignment in said 
coils for preventing deformation of said coils, said locking 
fmember being positionable between said spaced stop 
means of Said flow conductor when movement of the well 
tool in said one direction through said flow conductor is 
arrested by engagement of said stop means of said body 
With Said one of said stop means of said flow conductor 
and expandable radially of the longitudinal axis of said 
flow conductor, expander means movable longitudinally 
of Said body for expanding said locking member radially 
from a retracted position wherein it is not engageable 
with the other of said stop means of said flow conductor 
to an expanded position wherein it extends outwardly of 
Said body and is engageable with said other of said stop 
means on said flow conductor to limit movement of said 
Well tool in said flow conductor in the direction opposite 
Said one direction, said expander means having means en 
gageable with said locking member for limiting movement 
of said locking member in a direction opposite said one 
direction relative to said body. 

2. A Well tool for use in a flow conductor provided 
with a pair of longitudinally spaced oppositely facing 
stop means, said well tool including: a body having stop 
means for engaging one of said stop means of said flow 
conductor to limit movement of said well tool in one di 
rection through said flow conductor; an expander mount 
ed on Said body for longitudinal movement thereon be 
tween an operative position and an inoperative position, 
Said expander having an external retainer surface, an ex 
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ternal locking surface of greater diameter than said re 
tainer surface, an external expander surface extending 
outwardly and in a second direction opposite said one 
direction from said retainer surface to said locking sur 
face, and a stop means; and a substantially annular lock 
ing member carried by said body and disposed about said 
eXpander, said locking member being positionable be 
tween said spaced stop means of said flow conductor 
when movement of the well tool in said one direction in 
Said flow conductor is arrested by engagement of said 
Stop means of said body with said one of said stop means 
of Said flow conductor, said locking member being radi 
ally expandable, said body having means engageable with 
said locking member for limiting movement of said lock 
ing member in said one direction relative to said body, 
Said locking means being in radially retracted position 
When disposed about said retainer surface and in radially 
expanded position when disposed about said locking sur 
face, said locking member being moved by said expander 
Surface from said retracted position to said expanded 
position when said expander is moved longitudinally in 
Said one direction relative to said body from said inopera 
tive position to said operative position, said stop means 
of said expander limiting movement of said locking mem 
ber in said second direction on said expander. 

3. The well tool of claim 2, wherein said tool has seal 
means carried by said body for sealing between said body 
and said flow conductor, said body having a flow passage 
for permitting flow of fluid past said seal means; and 
Valve means for closing said flow passage to prevent flow 
of fluid in a predetermined direction through said flow 
paSSage. 

4. The well tool of claim 2, wherein said tool has 
means releasably securing said expander to said body in 
Said inoperative position. 

5. The well tool of claim 4, wherein said tool has seal 
means carried by said body for sealing between said body 
and said flow conductor, said body having a flow passage 
for permitting flow of fluid past said seal means; and 
valve means for closing said flow passage. 
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