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This invention relates to a pulling tool and more par 
ticularly to a tool for use in wells for releasing and 
removing stuck objects therefrom and which is hydrau 
lically operated. 
An important object of the invention is to provide a 

hydraulically operated pulling tool having a closed fluid 
system in which the introduction of pressure fluid from 
outside of the tool is unnecessary, and which is oper 
able by manipulation of an operating string to develop. 
hydraulic pressure through which a pulling force is ex 
erted on an object stuck in the well. 
Another object of the invention is the provision of 

a pulling tool of the kind referred to having a closed 
liquid filled system operable to produce hydraulic pres 
sure, and including mechanism responsive to the hy 
draulic pressure in the system for exerting a pull on a 
stuck object. 
A further object of the invention is to provide a pulling 

tool which includes mechanism operable by manipula 
tion of an operating string or pipe for delivering liquid 
under pressure, and means responsive to the pressure 
of the liquid for exerting a pull on an object stuck in a 
well. 

Another object of the invention is to provide a pulling 
tool of the character described, which is actuated by 
a pulling force applied to the string from which it is 
supported, and which embodies hydraulic means en 
ergized by such pull on the string but by means of which 
a pulling force is exerted on an object stuck in the well, 
which force is many times greater than the mechanical 
force applied to the string. 
More particularly, the invention contemplates the pro 

vision in a pulling instrumentality of the class described, 
of a closed-circuit pump-and-motor combination Where 
in the driven element of the motor is adapted to be 
connected, by means of a grapple, to the fish or object 
to be removed from the well, and the active or driving 
element of the pump is connected to and reciprocated 
by the suspending string of pipe; and in which certain 
novel valving means are provided in the fluid connec 
tions between the pump and motor units for reversing 
the action of the motor element and for "short-circuit 
ing" or relieving load from the pump portion. 
The invention also embodies a pulling tool of the 

hydraulic type having an upper and a lower cylinder, 
pistons movably disposed in the cylinders, means for 
delivering hydraulic fluid under pressure from one side 
of the piston in the upper cylinder to one side of the 
piston in the lower cylinder and for delivering hydraulic 
fluid from the other side of the piston in the lower cyl 
inder to the other side of the piston in the upper cylin 
der, means for anchoring the lower cylinder to the well 
casing, and means for moving the upper cylinder longi 
tudinally relative to the piston therein to apply pressure 
to a hydraulic fluid in the tool. 

Another object of the invention is the provision of 
a pulling tool of the hydraulic type, having a lower 
cylinder with means for anchoring the Same to a sur 
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2 
rounding well casing, an upper cylinder connected in 
fluid flow relation with the lower cylinder, pistons in 
the cylinders connected together and connected with a 
grapple and arranged to be actuated by liquid under 
pressure in the cylinders upon longitudinal movement of 
the upper cylinder. 
The above and other important objects and advantages 

of the invention will best be understood from the follow 
ing description, constituting a specification of the same, 
when considered in conjunction with the annexed draw 
ing, wherein– 

Figure 1 is a diagrammatic cross-sectional view of 
the invention, showing the relative positions of the parts 
with the tool in anchored position in a well, during a 
pulling operation; 

Figure 2 is a view similar to that of Figure 1 show 
ing the relationship of the parts when the tool is in 
released condition; 

Figures 3A and 3B are fragmentary, cross-sectional 
views of the upper portions of the pulling tool including 
the pumping mechanism; 

Figures 3C, 3D, 3E, 3F and 3G are fragmentary, cross 
sectional views, showing the lower portions of the tool 
including the motor member and the valving; 

Figure 4 is a cross-sectional view taken along the 
line 4–4 of Figure 3B, looking in the direction indi 
cated by the arrows; 

Figure 5 is a cross-Sectional view taken along the line 
5–5 of Figure 3F, looking in the direction indicated 
by the arrows; 

Figure 6 is a fragmentary, vertical, cross-sectional view 
of a preferred form of anchoring means employed in 
the invention, the same being shown in anchoring posi 
tion in gripping engagement with a surrounding well 
casing; 

Figure 7 is a fragmentary, side elevational view, partly 
in cross-section, showing the intermediate or valving por 
tion of the tool illustrated in Figure 3C; 

Figure 8 is a cross-sectional view taken along the line 
8–8 of Figure 7, looking in the direction indicated by 
the arrows, 

Figure 9 is a cross-sectional view taken along the line 
9–9 of Figure 7, looking in the direction indicated by 
the arrows, 

Figure 10 is a fragmentary cross-sectional view of a 
somewhat modified form of connection employed in the 
invention; and 

Figure 11 is a cross-sectional view taken along the line 
11–11 of Figure 10, looking in the direction indicated by 
the arrows. 

Referring now to the drawingsin greater detail, wherein 
a preferred embodiment of the invention is illustrated dia 
grammatically in Figures 1 and 2, and in more detail in 
Figures 3A to 3G inclusive, the numeral 10 designates an 
upper or pump cylinder adapted to be connected at its 
upper end to the lower end of an operating string 12. A 
lower or motor cylinder 14 is positioned beneath the upper 
cylinder, and there is an inner connecting stem or plunger 
rod 16 which extends into the upper and lower cylinders, 
and is provided within the upper cylinder with an actuat 
ing pump piston or plunger 18, and within the lower cylin 
der with a number of longitudinally Spaced motor pistons 
or plungers, such as those indicated at 20 and 22. It will, 
of course, be understood that the lower cylinder may be 
made as long as may be desired, and that as many pistons 
may be positioned therein as required to obtain the neces 
sary or desired pulling force when the tool is operated, 
only two Such pistons being shown in the drawings which 
are intended by way of example only. The connecting 
stem or plunger rod 16 is provided with a passageway 24 
which is in communication at 64 with the upper cylinder 
10. beneath the piston 18 and with the lower cylinder 14 
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indicated at 80, being provided within the chamber 78, 
to form a fluid tight seal between the member and the 
stem. At its upper end the stem 16 carries the annular 
elements 82 and 84, between which suitable packing 86 
is disposed, forming a piston having a fluid tight seal with 
the upper cylinder, which moves in an upper chamber 
81 therein. At the upper end of the chamber 81 the up 
per cylinder is connected by an upper coupling 88 to the 
lower end of the operating string 12. A breather port 
83 is also provided in the upper cylinder which leads 
from the chamber 8 beneath the piston 82, 84, 86 to 
the outside of the cylinder to prevent the development of 
pressure or Suction beneath the piston as the same moves 
in the chamber. 
The lower cylinder i4 may also be composed of two 

sections, which are coupled together by a connecting 
member 90, similar to the connecting member 78, by 
which the sections of the Upper cylinder are connected, 
the stem 16 extending through the member 90, as seen 
in Figure 3D, and the coupling being provided with in 
ternal packing elements 92, which form a fluid tight seal 
between the member and the stem. 
A tubular extension 94 is attached to the lower end 

of the stem 16, by a suitable coupling element 96, and 
this extension extends through the tubular expander 34, 
connected to the lower end of the lower cylinder, and 
also passes through a packed coupling member 97, lo 
cated below the expander. The coupling 97 connects a 
lower tubular section or cylinder 98 to the lower end 
of the slip cage 33. Suitable packing 100 is located 
inside of the upper end portion of the expander 34, 
which forms a fluid tight seal between the expander and 
the tubular extension 94, and similar packing 102 is dis 
posed in the connecting member 97, to form a fluid 
tight seal between the same and the extension, as will 
best be seen in Figures 3E and 3F. 
The tubular section or cylinder 98 is closed at its lower 

end by a plug 04, so that a chamber 106 is formed be 
tween the connecting member 97 and the plug 104, and 
the extension 94 has a lower section 108, which extends 
through the plug 94, and is connected to the lower end 
of the upper section 94 of the extension by a coupling 
member 10, which forms a piston movable in the cham 
ber 196, and which is provided with external packing, 
such as the O-rings indicated at 12 sealingly engageable 
with the inside of the tubular section 98. Suitable pack 
ing 14, is disposed within the plug 104, which forms a 
fluid-tight seal between the plug and the lower section 
108 of the tubular extension. The coupling member 
110 has one or more passageways 116 therethrough, in 
communication with the chamber 106, above and below 
this member, whereby fluid may flow from one end of 
the chamber 106 to the other end thereof, during the 
movement of the member 110 in the chamber. The 
lower section 108 of the extension may be connected 
to any Suitable type of grappling member, not shown, 
for engagement with a stuck object to be removed from 
the well. The lower end of the upper cylinder is closed 
by a suitable plug 89, through which the stem 16 passes, 
and which has a packing element 91 therein, in sealing 
engagement with the stem and with the plug. The upper 
end of the lower cylinder 14 is similarly closed by a plug 
93, through which the stem 16 passes, and which is like 
wise provided with Suitable packing 95 which forms a seal 
between the stem and the plug. 
The stem 16 may be formed in two sections adapted 

to be coupled together between the upper and lower 
cylinders, as best illustrated in Figures 3C and 7 of the 
drawings. The means by which the sections of the stem 
16 are coupled together includes a tubular outer mem 
ber 120, which is threadably attached at its lower end 
to the lower section of the stem, as indicated at 122 
to rotate with the stem. The tubular member 120 has 
an upwardly tapering inside Seat i24, and the upper sec 
tion of the stem 16 extends within the member and has 
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6 
an externally enlarged upwardly tapering portion i 26 
Which Seats on the seat 124. A clutch jaw element in 
the form of an arcuate quadrant shaped portion 128 
is also formed on the lower end of the pipe 46 of the 
Upper Section of the stem 16. The upper end of the 
lower Section of the stem 16 terminates below the clutch 
element 128 as seen at 130 and a complementary annu 
lar jaw clutch element is shown at 168 as fixed to the 
tubular member 120 by means of the screws 172 or the 
like, which extend through the member 120 and into 
the clutch element 168. The element 168 is provided 
with a clutch jaw 170 of quadrant shape which is engage 
able with the clutch jaw 128 of the upper stem section, 
whereby lost motion to the extent of an arc of 180° is 
permitted between the two sections but beyond which 
relative rotation of the upper section causes the lower 
Section to rotate with the upper section. The inner pipe 
42 and intermediate pipe 44 are cut away adjacent the 
ends of both the upper and lower stem sections to form 
an inner chamber 132 with the upper and lower por 
tions of the outer pipe 46 and the intermediate clutch 
element 168, and in this chamber a plug 134 is disposed, 
Which plug is threadably attached to the upper stem 
Section as indicated at 136 for rotation therewith. The 
plug 134 has an external annular groove therein within 
which Suitable packing means such as an O-ring 138 is 
disposed to form a fluid tight seal between the plug and 
the inner wall of the chamber 132 adjacent the clutch 
element i68, and the plug is also somewhat shorter than 
the iength of the chamber to permit the plug to move 
longitudinally therein. A passageway 140 extends lon 
gitudinally through the plug 134 which is in communi 
cation at both ends with the passageway 28, whereby 
fluid may flow through the connection. 

Passageways 24 and 26 are closed, as indicated at 
142, 144, 146 and 148 at the chamber 134. 

Within the wall of the tubular member 120 there are 
passageways 150 and 152, respectively, which open at 
their upper ends inwardly through the seat 124. An 
Opening 15 is provided in the upper stem section, which 
Opens into the passageway 26 and with which the upper 
ends of passageways 150 and 152 may be brought selec 
tively into communication, and another opening 153 is 
similarly provided opening into the passageway 24 and 
with which the upper ends of the passageways 150 and 
152 may be brought alternatively into communication. 
An external annular groove 154 is provided in the lower 
stem Section, which communicates with the passageway 
26 through a port 156 into which the lower end of the 
passageway i 50 opens. A similar external groove 158 
is also provided in the lower stem section beneath the 
groove i 54 therein, the groove 158 communicating with 
the passageway 24 through a port 169, and the lower 
end of the passageway 152 opening into the groove 158. 
Above and beneath the annular groove 154 the stem 

has external annular grooves within which suitable pack 
ing, Such as O-rings indicated at 162 and 164, respec 
tively, are disposed to form fluid tight seals between 
the member 120 and the exterior of the lower stem sec 
tion. A similar external groove is formed in the lower 
stem Seciion beneath the groove 158, and within which 
Suitable packing, Such as the O-ring 166 is disposed to 
form a fluid tight seal between the member 120 and the 
lower stem section. 

Clutch elements 128 and clutch member 168, having 
a clutch jaw element 170 are axially spaced apart some 
what, as indicated at 171 in Figures 3C and 7, so that 
upon lowering the upper stem section relative to the 
lower stem section the tapering portion 126 of the upper 
stem section may move away from the seat 124 to estab 
lish communication between passageways 24 and 26 
through ports 151 and 153, whereby fluid may by-pass 
idly from above the piston 18 to beneath the same through 
the upper stem section, which permits the upper cylin 
der 10 to move to its lowermost position relative to the 
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piston 18 of the stem 16, upon lowering of the drill stem. 
The upper end of the tubular member 120 has a pack 

ing gland 174, within which packing means, Such as 
that indicated at 176 is located, in surrounding engage 
ment with the upper stem section, and held in position 
by a gland nut 178. 

In the position of the coupling means shown in Fig 
ure 1 and Figure 3C, the passageway 24 in the upper 
section of stem 16 is in communication with the passage 
way 24 in the lower stem section through the port 153, 
the passageway 152 of the member 128, the groove 
158, and the port 160; and passageway 26 of the upper 
stem section is likewise in communication with passage 
way 26 of the lower stem section through the port 151 
the passageway 150 of the member 120, the groove 154, 
and the port 156. Upon rotation of the upper stem 
section 180 degrees within the member 120, however, 
the passageway 24 of the upper stem section may be 
brought into communication with the passageway 150, 
while passageway 152 will be in communication with 
passageway 26 of the upper stem section, so that the 
flow of fluid through the stem may be reversed if desired, 
and takes place from above the piston 18 to beneath 
pistons 29 and 22, and from above pistons 20 and 22 
to beneath piston 18. In this latter case the parts will 
be in the positions shown diagrammatically in Figure 2. 
The tool is operated in the manner previously indicated, 

by lowering the same into the well so that the grapple 
on the lower end of the stem or tension member 16 is 
grippingly engaged with the stuck object. 
When lowering the tool into the well, the parts will 

be in the positions illustrated in Figure 2, where the cou 
pling means of the stem 16 is turned to a position in 
which the passageway 150 is in communication with 
passageway 24 of the upper section but with passageway 
26 of the lower section, while passageway 152 is in 
communication with passageway 26 of the upper Section 
but with passageway 24 of the lower section. Thus the 
portions of the upper chamber 36 above the piston 18 
are in communication with the portions of chambers 38 
and 40 beneath the pistons 29 and 22, and the portions 
of the upper chamber 36 beneath piston 18 is in com 
munication with chambers 38 and 40 above pistons 20 
and 22, so that no movement takes place between the 
upper and lower cylinders and the slips 32 can not acci 
dentally move into engagement with the casing. After 
the grapple has been engaged with the stuck object, 
however, the operating string is rotated to move the 
valve-clutch parts into the positions shown in Figures 3C 
or 1, and upon the exertion of an upward pull on the 
string the slips will be set in the manner already described 
and an upward force is exerted on the stuck object. This 
is accomplished, as described above, by the fluid under 
pressure in chamber 36 beneath the piston 18 being forced 
through opening 64, upper passageway 24, by-pass 159, 
lower passageway 24, openings 66 and 68, into the por 
tions of the chambers 38 and 49 beneath the respective 
pistons 20 and 22. 
When the parts reach the positions indicated in Figure 

1, the slips 32 are wedged outwardly to grip the casing wall 
30, and the utmost pulling stress is exerted upon the stuck 
object. To renew the grip for another pull, the operating 
string may be lowered, causing the tapered portion 126 of 
the valve clutch coupling 120–178, to be moved away 
from the seat 124, "short-circuiting” the passageways 24 
and 26, and permitting fluid to flow from above piston 
18 to beneath the same, so that the upper cylinder returns 
to its lowermost position, as shown in Figure 2. The 
operating string may then be rotated to bring passageway 
150 into communication with upper passageway 24, and 
passageway 152 into communication with upper passage 
way 26 (as in Figure 2), whereupon an upward pull on 
the string causes fluid to flow from beneath piston i8 to 
above pistons 20 and 22, and fluid is displaced from 
beneath pistons 20 and 22 to above piston 18, which 
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8 
moves the lower cylinder upwardly relative to the stem 
and releases the slips 32. 
The above operations may be repeated as often as 

necessary to exert successive pulls on the object in remov 
ing it from the well. 
When desirable or expedient fluid may also be pumped 

down through the operating string 12 into the chamber 
81 and due to the relatively small size of the passageway 
28, pressure will be built up in the chamber 81 to eXert 
an additional force tending to lift the upper cylinder 
resulting in an additional pulling force on the tension 
member. 

Figures 10 and 11 illustrate a somewhat modified form 
of connecting stem and means by which sections of the 
stem are connected together. In this form of the inven 
tion the stem 6 takes the shape of a solid shaft in which 
suitable passageways are provided, as by drilling the 
same through the length of the stem. Thus, the stem 16' 
has a central passageway 28 and passageways 24 and 26' 
corresponding to the passageways 28, 24 and 26, respec 
tively, of the stem 16, and which perform the same 
functions as in the previously described form of the 
invention. 
The adjacent ends of the upper and lower sections 

of the stem 16 are exteriorly oppositely threaded, as indi 
cated at 180 and 182, respectively, to threadably receive 
an interiorly threaded coupling member 185 by which 
the sections may be coupled together. Counterbores are 
provided in the adjacent ends of the Sections, into which 
the passageways 24, 26 and 28 open, and tubular 
inserts 184, 186 and 188, are fitted into corresponding 
counterbores of the sections, whereby fluid may pass 
through the passageways. Each of the inserts may be 
provided with external grooves within the counterbores, 
in which grooves sealing elements, Such as the O-rings 
indicated at 199, are disposed for sealing engagement 
with the inserts and the sections in the counterbores to 
prevent the leakage of fluid from the passageways. The 
arrangement of the cylinders and pistons employed with 
this modified form of the stem is the same as that used 
with the stem 16, previously described, and the tool is 
operated in a similar manner assuming the provision 
of a valve coupling corresponding to that shown in 
Figures 3C, 7, 8 and 9. 

It will thus be seen that the invention as herein dis 
closed provides a pulling tool which employs a closed 
hydraulic system including a pump section and a motor 
section and by which a tremendous pulling force may be 
exerted on a stuck object by a relatively small force 
transmitted to the tool by means of the operating string. 
While the invention has been disclosed in connection 

with certain specific embodiments of the same, it will 
be understood that these are intended by way of illus 
tration only, and that numerous changes may be made 
in the construction and arrangement of the various parts, 
without departing from the spirit of the invention or the 
scope of the appended claims. 
Having thus clearly shown and described the invention, 

what is claimed as new and desired to secure by Letters 
Patentis: 

1. A tool for pulling stuck objects from a well, said 
tool adapted to be suspended in its entirety from an 
operating string of tubing and comprising, in combination, 
a grapple at the lower portion of the tool adapted to be 
attached to such stuck objects and a self-contained, wholly 
hydraulic, closed circuit, pump-and-motor assembly, 
which includes a pump unit connected to and actuated by 
movement of Said string, a motor unit having parts 
relatively movable by fluid pumped by said pump unit, 
the first of Said parts being connected to said grapple, 
and means for holding the second of said parts in a sta 
tionary position in the well, whereby the fluid may operate 
to move the first part with respect to said second part to 
move Said grapple, and fluid circulating conduits between 
the pump-and-motor units. 






