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United States Patentor‘fice » Patented Jaf. 1:132199(5];

2,732,501
HYDRAULICALLY OPERATED PULLING TGOL

Louis Davis, Corpus Chrlstl Tex assngnor of ‘one-third
to Ray H. Hostutler, Corpus Chrlstl and one-third to
Floyd Alvernest Williams, Austin, Tex

Application April 16, 1951, Serial No. 221,190
3 Claims. (Cl. 166--98)

This invention relates to a pulling or lifting tool, such
as a tool adapted to be lowered on a tubular string into
a well bore to engage, and ‘then lift,~an object theréin.
It is an object of this invention to provide a tool of this
class which is adaptable to lift the object upon the appli-
cation of fluid pressure into the tool,

It is an ‘cbject of this invention to provide. a tool of
this class which is equipped with slip members ddapted
to engage the well bore upon relative rotation between two
parts of the tool.

It is a further object of this - invention to prov1de a

106l of this class which has 4 continyous flow passage

for well ‘bore fluid therethrough which ¢an be closed
upon ‘rotation- of the diill §tring so that fluid pumped
down the string into the tool may be employed to lift
the engaged object.
- It is another object of this hveition to prov1de a tool
of .this class which can easily be relsased. from an, en-
gaged ob)ect or which ¢an be rotated to cut 1tse1f away
from an engaged object, in case the engaged object can-
1ot be lifted.

It is a further ob]ect of this mventlon to provxde a
tool of this class which Has a plurahty of. plstons opsr-

_.able in c¢ylinder means therem to lift.an engaged object

It is a further ob]ect of .this invention to prov1de a
tool of this class which is adapted to place an initial
strain’ or lifting force od an engaged ob]ect and which
is adapted to add. thereto the lifting force of a plurality
of plstons operable by hydrauhc Ppressire.

It is also an object of. this invention ) pfov1de a tool

of this class which 1is reléasable from an engaged object
upon rélative movement between the drill strmg and ele-
ments of thé tool operable therew1th

_Other and further ob]ects will be apparent whén thé
spwxﬁcahon is considered in connection. wifh the- draw-
ings in which: ‘

.Fig. 1 is an elevation of one modification of pulhng
tool; )

Fig. 2 is a secnonal elevation of the tool shown in
Fig. 1;

- Fig. 3isa secuonal elevauon, sxmﬂar to the elevanon
in Fig. 2, which shows'the t60] of Figs. 1 and 2'in a later
stage of operatlon, :

Fig. 4 is a sectional elevation through the upper part
.of the tool shown in Figs. 1-3; ‘

Fig. 4-A is a sectional elevatlon through the Jower part
of the tool shown in Figs, 1-3;.

Fig. 5 is’ a' sectional plan v1ew taken along lme 5—5
of Fig. 4;

Fig. 6 is a sectional plan view taken -along line '6—6
of Fig. 4; )

Fig. 7 is a séctional plan view taken along’ line 7-—7
of Fig. 4; o o )

Fig.' 8 is a sectional plan view taken along line 8—8

of Fig. 4—A
Fig. 9'is’ an elevition showmg a second modlﬁcanon -
‘of ptilling fool;
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Fig. 9-A is a sectional elevation through the tool shown
in Fig. 9;

Fig, 10 is'an enlarged fragmentary sectlonal elevation
showmg in-detail the valve of Fig. 9-A., .

As shown.in Fig.. 1, the housing, or connection ele-
ment 1 is secured by screw threads 2 on- the lower end
of ‘a tubular string, as the drill string 3, which -extends
into a well bore from the top of the well. . The con-
nector- 1 is sleeved on and suspends a central stud or
tubular meniber 4 having oppositely disposed radially
extendmg lugs 5 thereon for lost motion rotary engage-
ment in slots 6 extending circumferentially in- the hous-
mg 1. This central tubulat member has an axially extend-
1ng fluid passage 7 therethrough and lateral ports 8 extend-
ing therefrom for alignment with ports 9 in the housing
1 when the housing and tubular member are in the rela-
tive position shown in Figs. 1 and 2.

- Spaced below the connector sleeve 1 is a tubular body
15 whose upper end surfounds and has rotary and axial
sliding bearing on' the lower end of the stem 4. The wall
of the body 15 is formed with a J-slot 11 to slidably re-
ceive a lug 10 projecting radially from the stem 4. = As
shown in Fig. 1, the lug 10 is the lower or horizontal
leg 12 of the J-slot, and the vertical leg 13 is to the
right thereof. The lower end of the body 15 of the
mandrel assembly 14 is tapered at 16 to slidably fit cor-
respondmv tapers on ‘slip members .17, keyed.to -the
mandrel to Totate ‘therewith. These slip. members .17
are ‘part of a slip assembly 18 which includes shackle
links 19 plvotally connecting the slip meiribers to a cage
or’ housmg 20.. It can be seen that in order-to expand
the slip members. 17 it is necessary to maintain the slip
assembly 18 substant1ally stationary so that. the mandrel
body 15 may move ‘downwardly with relation thereto
to force the slip members 17 outwardly to grasp the cas-
ing of.the well bore 21i, as. shown. in Fig. 3. This is

.accomphshed by prov1d1ng a tubular ram of piston and

rod ‘assembly to fit shdably Wllhln the. tool assembly, as

* will, be ‘hereinafter described, and within the housing 29,

S0 1hat the collar 23 thereof will seat on a shoulder 24
formed.on the lower end of the housing. A coil spring
25 enclosed by the housmg 20 bears, at its.lower end,
upon. the top. suiface of the collar 23; and. at its upper
end bears upon the partmon or shoulder 26 in the upper
part: of the “housing 20.. The ram tube or piston rod 22
is splmed at 27 near its lower end for a non-rotatable
sliding -fit with the bottom. wall or shoulder 24 of the
slip housing- 20, and, as best seen in Figs. 2 and 3, the
additional rod splines.28 slide in the grooves 28 in the
tapered head 16 of lhe mandrel. -

It can thus be seen that the drill string 3 and connector
sleeve 1 may be rotated counterclockwise fiom. the Fig.
1 posmon to place the left end of the slot 6 against the
lug 5, whereby the prev10usly registering ports 8 and 9
of the upper valve 30 are then out of aligned communi-
cation.. . Further . counterclockW1se rotation ‘of the drill
string. 3 and housing 1 will thereafter be transmitted

‘through the lug 5 to carry the tubular member 4 with

the housmg and drill string, so that the lug 10 slides in
the honzontal slot 12 from the left in Fig. 1 to.the bot-
tom - of the vertlcal leg 13 of the J-slot 1. There-
after, the Iug' 1§ no longer suspends the heavy mandrel
body 15 and. the mandrel assembly 14 is free to slide
downwardly on the member 4 so that the. tapered or
wedge portions 16 of thé mandrel body can force the
slip members 17 outwardly -into gripping contact with
the well bore 21.

The tubular mémber 4 has, as a downwardly extend-
1ng‘part thereof, the’ pipe or tubing 31 which is'con-

- niected thereinto at 32 for placmg the bore. or. central

passage théreof in commtnication with the bote 7. .The
tube 31 projécts through and in telescoping relation with
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the central hollow rod 22 of the ram or plunger. Tubular
member 4 has the hollow chamber 33 therein and pro-
vides a shoulder at 34 for the head 35 of the ram. A
plurality of axially spaced apart hollow or tubular cylin-
ders 36 are provided in the mandrel body 15, and pistons
37 are carried on the rod 22 to operate in the cylinders.
A seal 38 is pocketed in the mandrel body 15 to wipe
the rod 22 above the uppermost cylinder 36, and a seal
39 is similarly located below the lowermost - cylinder.

As shown most clearly in Fig. 4-A, the tube 31 ex-
tends down into the piston rod 22 and is slidable over
a tube 40 positioned within the lower portion of the
hollow rod 22. The tube 3% has the closure plug 42 in
the lower -end thereof and is rigidly connected into the
spider 41 having axial ports 42’ therethrough. Peripher-
ally, the spider 41 is connected into the hollow rod of
the ram 43. . Near the lower end of the tube 31, a port
44 registers with a lateral port 45 at the top of the
tubing. 40 when the members or elements of the as-
sembled tool are in the retracted slip position shown in
Figs. 1 and 2.

Nonregistry of the ports follows in sequence to the
" closing of the relief valve 30, as occurs during lost
motion at the pin and slot connection 5 and 6. As soon
as the central tubular member 4 rotates with the hous-
ing 1 and drill string 3, as when the left end of the slot
6 transmits rotary travel through the lug 5, the lower
valve 46, comprising the ports 44 and 45, is closed, and
further downward circulation of any fluid which may have
been pumped from the top of the well is discontinued.

By reason of the splined connections 27 and 28, no
relative rotation can occur between the mandrel and the
piston rod, and when the spear or grapple 50 on the
lower end of the piston rod is set by clockwise rotation
of the drill string transmitted by the sleeve 1 through
the lug 5 to the tubular stud 4 and through the lug 10
to the mandrel 14 and then through the splines 28 to
piston rod 22, the reverse rotation of the connector
sleeve 1 relative to the mandrel closes the relief valves
for pressure actuation of the piston for setting the slips
17 and exerting pull on the spear 56. This spear is of
a conventional type which has the slips 51 thereon to

k ﬁereiﬁabove déscribed, will
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4

first, open the upper or release
valve 30, and thereby equalize the fluid pressure within the
tool and well bore, as the fluid within the tool, by the open-
ing of the valve 30, is placed in communication with the
well bore therearound.

As the pistons have moved upwardly, the collar 23 has
compressed the spring 25, and now the release of pres-
sure within the tool permits this spring 25 to urge the
ram downwardly and permits the pistons 37 to force the
fluid out from the cylinders 36 therebelow, Further
rotation of the drill string after it has been lowered will
place the lug 10 in the left-hand position in the leg 12,

- shown in Fig. 1, and the drill string can be raised to lift
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the assembly. The relative rotation and axial movement
of the parts brings the ports 44 and 45 back into registry
to open the lower valve 46, thereby re-establishing fluid
flow and drainage through the tool.

Reversing the direction of mandrel rotation which
has set the spear slips 51 in the object to be lifted, will
result in releasing these - slips from engagement with
such object. .

In construction, the seal member 60 may constitute
a coupling 57 having flanges 58 on the ends thereof and
a sealing member 59 thereinbetween. This seal is located
to seal the annular space 61 between the tube 31 and the
piston rod 22, and at an elevation above the valve 46 and
below the ports 54 and 55 in the lowest position thereof.
The seal 39 between the mandrel and ram comprises a
seal member 62 which fits in the counterbore 63 in the
mandrel and which is held in place by a seal ring 64.

Each piston 37 comprises a coupling member 65 con-
necting ram sections 66 and having a seal member 67

- thereon to slidably contact the bore or wall 68 of the

35
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extend the slips 51 into gripping contact with an object -

to be lifted. Such object is usually a tubular member,
termed a screen or liner, which has previously been in-
stalled in the well bore, or it can be any object 53 which
it may be desired to retrieve, such as a piece of tubing
which has been severed and lost in the well. The spear
50 is shown as only one type of element which may be
installed on the piston rod 22 of the ram to engage an
object, and the conventional grapple may be employed
as well. ‘

After the slips have been set, the spear engaged with
the object to be lifted, and the valves closed, fluid pumped
down the drill string 3 from the top of the well passes
outwardly from the tubing 31 through the ports 54 there-
in (see Fig. 4A), and then outwardly through the ports
55 in the hollow rod 22, to the lower side 56 of each piston
37. This force should result in the lifting of the object
53 upwardly, and its disengagement from any binding
formation or element, so that it can be raised with the
tool and siring to the top of the well bore and retrieved.
The spline 28 on the piston rod 22 is below the seal 39
and supplements the splined connection 27 to cause the
mandrel assembly 14 to rotate the rod 22 therewith with-
out placing a strain on the links 19. Such rotation may
be necessary in case the spear engaged object cannot be
lifted, and it is necessary to cut away therefrom by rota-
tion.

In order to release the pistons for downward motion
when they are at the top of their strokes, as shown in
Fig. 3, the drill string may be lowered a sufficient distance
to permit the lug 1@ to reach the level of the horizontal
leg 12 in the J-slot. Drill string rotation in a clockwise

- or reverse direction from that which has set the tool, as

cylinder 36. Each partition member 56, as shown in
Fig. 4, has a seal 69 thereon to contact the piston rod 22.
Also the seal 38 fits in a counterbore 71 and is held in
place by the hold-down ring 72. Additionally, the ram
head 35 has the seal ring 74 therein to contact the tube
31 within the space 33. Furthermore, seal rings 75 and
76 are provided on either side of the valve 30. Thus,
when the pistons are operating, these fluid tight connec-
tions insure that fluid pumped from the top of the well
passes down the drill string and outwardly from the
tubing 31 and piston rod 22 to the space beneath each
piston 37.

To summarize an operating cycle, the tool is lowered

" on the end of the string 3, and the grapple 50 is engaged

50
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with the stuck object. The string and connector sleeve
1 are turned counterclockwise through a short arc within
the limit of the lost motion pin and slots 5 and 6 to close
the upper relief or by-pass valve 30 and direct pressure
liquid through the lower, open valve 46 for washing
over the stuck object. Should the washing be ineffective
to loosen the binding formation, the liquid will have
wetted or conditioned it for an easier release, and there-
after a further counterclockwise rotation of the sleeve
1 relative to the nonrotatably fixed and splined together
mandrel 14 and grapple carrying piston rod 22 will carry
along the central tubular stud 4 and dependent tube 31,
sliding the mandrel suspension pin 10 in the horizontal
leg 12 of the angle slot 11 to its intersection with the
vertical slot 13. Such movement frees the mandrel for
downward movement to expand the slips 17 and close

‘the lower valve 41 so that pressure fluid no longer by-

passes but is directed solely to the piston cylinders for
exerting upward pressure on the under side of the pistons
and downward pressure on the upper side of the bottom
end walls of the cylinders to hold the slips expanded and
to pull upwardly on the grapple as the spring 25 yields to
accommodate sliding piston travel upwardly relative to
the mandrel. -After the stuck object is broken loose, the
assembly can be lifted out of the well bore. Release of
the slips 17, either after the stuck object is broken loose
or for an additional washing and resetting, is effected by
clockwise rotation of the coupling sleeve :1 to open the
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upper relief valve 30 for By-passing pressure-fiid away
from the piston cylindet. . Theréupoti the force of the
spring 25, cither with 6f Withoiit 4 lowering 6f the string;
will result in ¥elative vertical travel of the pin 10 in ‘the
vertical slot 13 until the pin reaches alignmiént with the
horizontal slot 12 for travel to the left-hand end of the
slot 12. Retraction of the piston and retiitn of the parts
to the original position showii in Fig. 1 again opens the
lower drain valve 46 for free fluid cireulation thiough
the tool. - Control of the tool through the by-pass valve
is primarily a function of angular position. of the string
and. its turning in one or thé other difection through
prescribed arcs. The' operator ¢an easily régulate the

tool by the simple eéxpedient of shoit range turning

-increments. :

In'the modification shown in Figs. 9, 9=A, and 10, the
upper portion of the tool is constricted similarly to the
first- modification, but in this modification the J-slof is
omitted between the miandrel 14 and tibular memiber. 4,
and an inverted J-slot is suppliéd beétwesn the housing 26
of the slip ‘assembly and the lower end of ‘the mandrél
14. Thus counterclockwise rotatién of the drill string 3
and the housing 1, first results in closing the release valve
30, as described hereinabove, and thén resulfs in the rota-

tion of the tubular member 4 with the hotsing 1 and drill

string 3. In this construction it should be noted that
the mandrel 14 is connected to the central tubular mem-
ber 4 by the threads 77, and consequently when the
central member 4 rotates with the drill string, the man-
drel 14 also rotates therewith.

In this modification, spear slips, not shown, but cor-
responding to the spear slips 51 shown in Figs. 1 and 2
engage upon the first rotation of the mandrel, since the
ram rotates with the mandrel. This step occurs before
the drill string is lowered to set the slip and close the
lower valve 84.

Therefore, in order to set the slips 17 after the lug 1¢
has been rotated to the top of the vertical leg 13 of the
inverted J-slot 11, it is necessary to.lower the drill string
and with it the tubular member 4 and mandrel 14 as
the spring 25 bears on the ram collar 23 to hold the
slip_ housing 20 against vertical movement with the
mandrel.

As the tubing 31 is connected at 78 to the mandrel
14 so that the bore 7’ thereof communicates with the
bore 7 of the member 4, it is obvious that downward
movement of the member 4 and mandrel 214 also results
in the downward movement of the member 31. - This
member 31 has the bore 7’ therein extending down to a
point corresponding to some point below the port 54 in
Fig. 4-A. From this point downwardly the member 31
is solid, and has the guide stem 88 on the lower end
thereof to guide the member 31 within the seal 81 which
fits in the valve body 82 to serve as the valve seat for the
lower section 83 of the member 31. The lower valve 84
constitnted by the relatively axially movable seal sleeve
81 and the lower plunger portion 83 having a slip fit
within the seal sleeve 81 is therefore closed against fluid
circulation or drainage through bottom of the tube 22
when the drill string 3, member 4, and mandrel 14 are
lowered to set the slips and circulation out of the ports
45, and downwardly, is discontinued. ’

Thus, when the pump at the top of the well now op-
erates, fluid can only be forced down the drill string into
the bore of the central member 4 and bore 7’ of the
pipe 31, and out through the ports 54 and 55 to the cylin-
ders 36 to exert pressure upon the lower surface 56 of
the pistons 37. After the pistons are under fluid pressure
a lift on the drill string will take the strain off the slips
17 and from this point the pistons alone are the lifting
force.

To release this modification of tool it is only neces-
sary to rotate the drill string opposite the setting direc-
tion to move the slot 6 upon the Iug 5 to the position
shown in Figs. 1"and 9.. This opens the upper or release
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valve 30 to permit the floid pressure inside and otside
of the tool to equalize. Then the drill string cari be lifted
to open the valve 84 and t6 locate the lug 10 in the hori-
zontal leg 12 of the J-slot 11. Then further rotation in
this direction -will also’ rotate: the ram and release the
spear slips 51. ) . :

With this second, and prefeired; modification of ‘tool,
a lift ¢can be placed on the objéct to be lifted before the
piston lifting force is added thefeto, since thie mandrel
14 can rotate the ram therewith so that the spear slips
51 can’ engage thé object to be lifted before the slip
members 17 are extended to grasp the well bore. “Wheén
the slips 17 are set and pumping cofrierices; the original
lift and piston lift are additive forces; :

Broadly, this invention includés’a hydraulically op-
erated pulling tool adapted to extend elements thereof
to grasp an exterior surface, as a cased well bore to hold
pait of ‘the tool against movement while pressure fluid
moves another part thereof which has erigagéd ai object
to be pulled. This invention further includes such a tool
which permits fluid to. course theréthrough; “as” when
it is lowered into a cased well bore, and which'is operable
upon rotation and vertical motion actuated from the fop
of the well, to extend slip means to grasp the cased well
bore, to engage the object to be lifted, and to close off
the fluid flow therethrough.

What is claimed is:

1. With a tubular string rotatablé in a cased well bore,
the combination of, a housing connected to said string,
a tubular member within said housing and connected
thereto to extend therebelow and adapted to rotate there-
with after limited rotation of said housing with relation
thereto and adapted by said housing for fluid communi-
cation with said string bore, a mandrel connected to said
tubular member and adapted to rotate therewith, and to
move. downwardly with relation thereto, after -limited
rotation of -said member, a slip assembly including slip
members connected to said mandrel to rotate therewith,
a tubular ram extending around said member and having
a - collar. thereon adapted to be supported within said
assembly and having a lower portion slidably connected
to said assembly to rotate therewith and extending there-
below to establish fluid communication between the bore
thereof and said well bore and adapted upon rotation to
engage an object to be pulled, resilient means around said
ram and adapted to bear against said assembly to permit
said mandrel to move downwardly relative thereto and
against said slip members to extend said slip members
outwardly into gripping contact with said well bore, upper
valve means operable upon rotation. of said housing with
relation to:said tubular member to control fluid com-
munication between said tubular member bore and said
well bore, lower valve means operable upon rotation of
said tubular member with relation to said ram to.control
fluid communication between said tubular member bore
and said. ram bore, cylinder means in said mandrel, piston
means on-said ram operable in said cylinder means; seal
means between said tubular member and said ram above
said lower valve, and port means above said seal means
in said tubular member wall and in said ram wall to
admit fluid pumped down said string from the top of .
the well into said cylinder means to exert force beneath
said piston means to lift said ram and said engaged object
when said valve means are closed.

2, With a tubular string rotatable in a cased well bore,
the combination of, a housing connected to said string,
a tubular member within- said housing and connected
thereto to extend therebelow and adapted to rotate there-
with after limited rotation of said housing with relation
thereto and adapted by said housing for fluid communi-
cation with said string bore, a mandrel connected to said
tubular member to rotate therewith, a slip assembly in-
cluding slip members connected to said mandrel, means
adapting said mandrel to rotate with relation to said
slip  assembly and to move downwardly with relation
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thereto, a tubular ram extending around said member
and having a collar thereon adapted to be supported
within said assembly and having a lower portion slidably
conneécted. to said assembly to rotate therewith and ex-
tending therebelow to establish fluid communication be-
tween the bore thereof and said well bore and adapted
upon rotation to engage an object to be pulled, resilient
means around said ram and adapted to bear against said
assembly to permit said mandrel to move downwardly
relative thereto and against said slip members to extend
said slip members outwardly into gripping contact with
said well bore, upper valve means operable upon rotation
of said housing with relation to said tubular member
to control fluid communication between said tubular
member bore and said well bore, lower valve means
operable upon downward movement of said tubular mem-
ber with relation to said ram to control fluid communi-
cation between said tubular member bore and said ram
bore, cylinder means in said mandrel, piston means on
said ram operable in said cylinder means, seal means
between said tubular member and said ram above said
lower valve, and port means above said seal means in
said tubular member wall and in said ram wall to admit
fluid pumped down said string from the top of the well
into said cylinder means to exert force beneath said
piston means to lift said ram and said engaged object
when said valve means are closed.

3. Ina pulling tool of the character described, a cylin-
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der member, a piston slidable in the cylinder chamber
and having a downwardly projecting piston rod nonrotat-
ably keyed to the cylinder member, means on the-lower
end of the rod for coupling with an object to be pulled,
an expansible slip carried by the piston rod, a slip ex-
pander on the cylinder member operable to set the slip
upon downward movement of the cylinder member, a
cylinder suspension member -telescopically fitted to the
cylinder member, a load carrying pin projecting from one
of the members into an angle slot in the other member,
one leg of the angle slot being horizontal for cylinder
suspension through said pin in lifted slip retracted posi-
tion, and the other leg being vertical for relative axial
pin movement in the downward travel of the cylinder to
slip expanded position, said suspension member having-a

passage in constant communication with the piston cylin-

der, a string connector through which pressure fluid is
supplied to said.passage and which has a rotary lost
motion connection with said suspension member, said
connector and suspension member constituting a rotary
valve controlling alignment of passage communicating
lateral ports therethrough.
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