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FLUID COLLECTING DEVICE

ABSTRACT

An adjustable fluid collecting device with two shells pivotally movable relative to
cach other wheremn the flud collecting device 1s movable between an open position in which
the shells are distanced from each other aﬂd a closed position in which the shells touch, an
actuator and a lever assembly wherein the operation of the actuator results in equal but

opposite movement of the shells and the mechamcal advantage increases as the shells move

toward the closed position. A ngid frame which substantially surrounds the two shells,

actuator and lever assembly is provided. Optionally, the apparatus can be equipped with an

integral pipe spinner.
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TITLE: FLUID COLLECTING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates generally to a fluid collecting device for use when disconnecting

pipes and in particular to a mud bucket for use 1n the o1l production industry.

As is well known, borehole drilling is generally carried out by means of a drill bit at
the end of a string of hollow sections of pipe which are joined by tapered threaded
connections. The connections are sufficiently strong to transmit the linear, torsional and
bending forces involved in drilling and also provide a mechanical seal to prevent leakage of
the drilling mud which is pumped down the dnll string to lubricate the bit, balance
hydrostatic pressure in the rock formation, and carry the cuttings back to the surface.

Drilling mud can contain a variety of chemicals, and for cost, environmental and
safety reasons it 1s aesirab]e that spillage of mud in the dnlling ng should be kept to a
minimum. Drill pipes are generally connected together in approximately 27-meter long
“stands” consisting of three 9-meter lengths. Depending on its internal diameter, each stand
can contain a considerable amount of mud. For example, the internal volume of 27 meters of
pipe with a2 mean internal diameter of 63.5mm is 85.5 liters.

When withdrawing the drill string from a hole, a large proportion of the mud can

remain in the drill pipes and would escape when each stand was disconnected unless
measures where taken to prevent this from happening. A device commonly used to contain
leakage is referred to as a mud bucket and basically consists of shells which are clamped
around the drill pipe connection when it has been sufficiently loosened that further rotation

requires relatively little torque, but significant leakage has not occurred. A hose is led from

the mud bucket to a holding tank to enable the mud collected 1n the mud bucket to be

returned to the holding tank. A mud bucket can be deployed either by suspension from a wire

-1-
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connected to a hoist, or can be automatically moved into position by mechanical arms and

other robotic devices.

The shells of a mud bucket are fitted with elastomenic seals to provide a leakage-free
fit at the joihts with each other and the drill pipe. The shells of the mud bucket may be
clamped or closed around the dnll pipe manually or by hydraulic or pneumatic actuators.
Regardless of the clamping method employed, the shell closing mechanism must be capable
of resisting the large force resulting from the pressure exerted by the mud column on the
shells. Each meter of mud in the column equates to a pressure of about 0.1 bar when the
specific gravity 1s 1.0. The force on each half of the shell is equal to the projected area
multiplied by the total pressure. For example, if the internal diameter of the shells is 300mm,

the height 1.5 meters and the mud column 10 meters, the force on the shells is about 44,000

newtons or 4.4 metnc tons.

2. Description of the Prior Art
GB 2300659 describes a mud bucket comprising a can which is longitudinally split

into two sections. Each section is provided with a seal along the split, and the two sections

are hinged together at a common pivot point. Each section is further connected to an actuator

which moves the mud bucket between an open and closed position.

However, in the mud bucket described in GB 230036359, the perpendicular distance
between the actuator and the common pivot point between the two sections decreases as the
device closes, so that the leverage available to the actuator to close the mud bucket is
decreased in the very time at which it is deéirable for 1t to be increased. This means that
larger actuators have to be used, or some subsidiary mechanical or hydraulic locking

mechanism employed to prevent leakage caused by the internal mud pressure.

HOU:2238260.}
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All drill pipes are joined together using male and female threads cut into larger
diameter sections (or tool joints) at each énd. The threads are then tightened up to a very
high torque to withstand the linear, torsional and bending forces involved 1n dnlling.

When drill pipe is removed from the bore hole, 1t 1s customary to loosen thé high'
torque of the tool joints with two tongs, which can be either manually or hydraulically
Operatéd, so that further rotation requires relatively little torque. At this stage little or no mud
is leaking from the tool joints, and the mud bucket is clamped around the dnll pipe tool
joints. Once the mud bucket is installed, a separate hydraulic or pneumatic pipe spinner (or
spinning wrench) is used to revolve the upper pipe stand for a number of full turns, and
therefore complete the loosening of threads of the tool joints. The spinner rotates the upper
drill pipe stand by means of motor driven rollers or chains, while the lower dnll pipe is
prevented from rotating by the tapered slips used to hold it in position. The upper stand in
than lifted up a few centimeters to allow the drilling mud to dran into the mud bucket and
through the drain hose to a holding tank.

On manual drilling rigs the pipe spinner is swung into location on the pipe above the
mud bucket on a hanging wire attached to a winch by personnel who often have to climb onto
the mud bucket to complete the operation. This can be dangerous for personnel 1if the mud
bucket is positioned at an awkward height above the drill floor.

On automatic and semi-automatic drilling rigs it is customary to use a hydraulically
powered and positioned device called an iron roughneck that employs a pair of tongs and a
pipe spinner, one of whose functions is to provide the loosening and spinning functions
described above. Newer models of this device are fitted with an integral mud bucket that can
be clamped around the tool joints prior to the final loosening of the tool joints with the
device's integral pipe spinner. Older models of this device are not fitted with a mud bucket,

and it is not possible for a separate mud bucket to be deployed during the spinning function.

HOU:2238260.1
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This results in significant mud loss onto the dnll floor before the separate mud bucket can be
deployed. -

US Patent Number 4,643,259 descnibes a hydraulic drill string breakdown and bleed-
off unit which includes a hydraulic dnll string disassembly apparatus in combination with a

pressure chamber for bleeding off trapped pressure in the dnll pipes and a further apparatus

for collecting dnlhing mud from the dnll pipes. The umt descnbed in US Patent Number
4,643,259 employs two tongs for loosening the torque of the tool joints of the drill pipes and

is large, heavy, slow, cumbersome and expensive to manufacture.

3. Identification of Objects of the Invention

An object of the mvention 1s to overcome the problems of the prior art by providing a
fluid collecting device designed and arranged such that the mechanical advantage of the
closing actuator increases as the bucket moves from an open to a closed position.

Another object of the invention is to provide a fluid collection device having an

actuator attached to a rigid frame.

Another object of the invention is to provide a fluid collection device housed within a

supporting framework to provide operator safety.

Another object of the invention is to provide a fluid collection device in combination

with a pipe spinner, housed within a common framework.

SUMMARY OF THE INVENTION

According to the invention there is provided an adjustable fluid collecting device
compnsing two shells pivotally movable relative to each other wherein the flmd collecting
device is movable between an open position in which the shells are distanced from each other
and a closed position in which the shells touch and the angle between the lever member and

the link member is reduced relative to the angle between the same members when the

adjustable fluid collecting device is in its open position.

HOU:2238260.1
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Preferably, the adjustable fluid collecting device inclpdes two shells pivotally
movable relative to each other and a lever member operated by an actuator. Thc lever
member is pivotally connected to a link member which 1s pivotally connected to at least one
of the shells. The lever member is pivotally movable relative to at least one of the shells.

In a second aspect of the invention, an adjustable fluid collecting device includes two
shells pivotally movable relative to each other and a lever member operated by an actuator.
The lever member is pivotally connected to first and second linking members. The first
linking member is pivotally connected to one of the shells. The second linking member is
pivotally connected to the other shell so that operation of the actuator results in equal but
opposite movement of the shells.

Preferably, the actuator is attached to a rigid frame which substantially surrounds the
two shells, actuator and lever assembly. The ngid frame includes bracketing members to
which the two shells are pivotally mounted.

Desirably, the second linking member 1s pivotally connected to the second shell by
way of a third linking member, and the second linking member is further pivotally connected

to the bracketing member by way of a fourth linking member.

Preferably, the lever member is also pivotably connectable to the bracketing member.

Desirably, the lever member is a bellcrank.

Preferably, the adjustable fluid collecting device is used for collecting mud during the

disconnection of pipes.

In a third aspect of the invention, a fluid collecting device includes a mud bucket

housed within a supporting framework.

In a fourth aspect of the invention, a pipe disconnecting assembly arranged and
designed to engage with a plurality of connected pipes includes a rotating means and a fluid

collecting device, housed within a single framework, wherein the fluid collecting device 1s

HOU:2238260.1
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~ clampable to the connected pipes so that it surrounds the junction therebetween and the

rotating means is movable to engage with at least one of the connected pipes so that rotation
of the rotating means causes the disconnection of at least one connected pipes, and the fluid

collecting device collects any fluid which leaks out of the opened junction between the pipes'.

BRIEF DESCRIPTION OF THE DRAWINGS

Three embodiments of the invention will now be discussed by way of example only
with reference to the accompanying drawings in which:

Figure 1 1s a top view partially in cross-section of a first embodiment of the adjustable

fluid collecting device in an open position around a dnll pipe;

Figure 2 1s a top view partially in cross-section of the first embodiment shown in

Figure | in a closed position around a dnll pipe;

Figure 3 is a top view partially in cross-section of a second embodiment of the
invention in an open position around a drill pipe;

Figure 4 1s a top view partially in cross-section of the second embodiment shown in
Figure 3 in a closed position around a drill pipe; and

Figure S is a perspective view of a pipe disconnecting assembly 1n accordance with a

third embodiment of the invention surrounding an assembly of connecting pipes.

DESCRIPTION OF PREFERRED EMBODIMENTS

Turning to Figure 1, a first embodiment of the invention includes two shells 1 and 2
with bottom halves 9, 10 attached respectively thereto and with the shells fitted with arms 3
and 4 which are hinged at a common pivot point 5. An actuator 6 operates a bellcrank 12
through a pin 14. The belicrank 12 is pivoted at pin 7 on arm 3. The bellcrank 12 is further

connected to a linking member 13 by a pin 15. The linking member 13 1s connected to arm 4

via pin 8.

HOU:2238260.1
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Turning to Figure 2, when the first embodiment i1s employed in a closed position

around a drill pipe, the angle between the bellcrank 12 and the linking member 13 is

significantly less than when the first embodiment 1s in the open position. Since the force
available to close the adjustable fluid collecting deviée varnes invers.ely with the tangent of
half the angle between the bellcrank 12 and the hnking member 13, a large closing force can
be generated by a relatively low powered actuator. For example, if the angle between the
bellcrank 12 and the linking member 13 is 10 degrees, the force on the pins 7 and 8 is 0.5/tan5
= 5.72 times the force on the pin 15 created by the actuator 6. This force can be further
increased by making the distance between the pins 14 and 7 greater than the distance between
pins 7 and 15 and by increasing the distance between the pins 7 and 8 and the pivot point 5.
The velocity ratio between the actuator 6 and the shells 1 and 2 can be adjusted so that the
closing mechanism is irreversible. In such case, the shells 1 and 2 are locked mto their closed
position without the use of any subsidiary mechanism.

A second embodiment of the adjustable fluid collecting device is illustrated in
Figure 3. Shells 101 and 102 with bottom halves 9, 10 are fitted with arms 103 and 104 and
pivoted on pins 17 and 18 mounted on a bracket 19. An actuator 106 1s attached to a rigid
frame 20 by a pin 21 and operates a bellcrank 112 via a pin 22. The bellcrank 112 is attached
to bracket 19 by a pin 23, and to linking members 24 and 25 by a pin 26. The other end of
linking member 24 is attached to the arm 103 by a pin 27. Linking member 25 is connected
to linking members 28 and 29 by pin 30. The other end of hnking member 28 is attached to
bracket 19 by pin 31. The other end of linking member 29 1s attached to arm 104 by pin 32,
Linking members 24, 28 and 29 are arranged in length such that movement of the belicrank

112 results in equal but opposite movement of the shells 101 and 102.

As illustrated in Figure 4, the second embodiment employs the same principal as that

employed by the first embodiment: increasing the closing force on the shells 101 and 102 by

HOU:2238260.1
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reducing the angle between the actuator 106 and the bellcrank 112 and the linking members.
In addition to providing an aﬁprOpﬁate mounting of the bracket 19 and the actuator 106, ﬂ1e
rigid frame 20 and upper and lower pipe guides (not shown) provide protection for the shells
and closing mechanism, provide a safety bérrier to protect Operatoré from injury, and
facilitates the mounting of the adjustable fluid collecting device on robot arms or other
devices providing automatic or semi-automatic operation.

In general terms, the first and second embodiments employ an operating linkage for a
mud bucket having a mechanical advantage that increases as the shells close, thereby
providing an energy efficient means of closing a mud bucket which does not require the use
of large actuators or subsidiary locking mechanisms to prevent drilling-mud leakage.

Figure 5 shows a third embodiment of the invention in which an upper drill pipe 40 is
connected to a lower drill pipe 41 by connections 42 and 43. A pipe disconnecting assembly
comprises a frame 120 supporﬁng shells 201 and 202 of either the first or second
embodiments of the adjustable fluid collecting device wherein the shells 201 and 202 are
fitted with compliant gaskets 44 and 45. The shells in Figure 5 are shown in the open
configuration. After the adjustable fluid collecting device has been positioned, hydraulic or
pneumatic actuators are used to close the shells 201 and 202 to create a sealed cylindrical
container, surrounding the junction between the upper dnll pipe 40 and the lower drill pipe
41. The shells 201 and 202 are further provided with connections 46 for hoses to drain any
collected mud to a holding tank.

The frame 120 also supports a houéing 47 in which there are rollers 48 and 49
mounted on arms 50 and 51. The arms are duplicated at each end of the rollers, and there are
two rollers per arm. The resulting four rollers 48 and 49 can be forced against the upper dnll
pipe 40 by hydraulic or pneumatic actuators acting on the arms 50 and 51. The rollers are

also geared together so that they can be rotated in the same direction by a hydraulic or

HOU:2238260.1
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pneumatic rotary activator 52. The upper dnll pipe 40 may thus be rotated by the rollers to
disconnect the threads complete]y. The upper dnll pipe 1s then liﬁed to allow the mud to
escape into the sealed cylindrical contained formed by the closed shells 201, 202. After
draining via connection 46, the shells 201 and 202 éan then be Opened' and thc' whole

5  assembly comprising a mud bucket and spinner withdrawn, ready for the next cycle of
operation.

In general, the third embodiment of the invention uses a rigid frame to support a mug
bucket and facilitate the accurate operation of the mud bucket relative to the frame, thereby
making it easier to deploy the mud bucket automatically by a remote linkage so that the mud

10  bucket is safer to install.

The third embodiment of the invention also improves the safety of the operation of a
mud bucket by ensuning that the operation of the device is enclosed within the rigid frame,
thereby physically protecting operators from the mud bucket. To this end, the rigid frame
may also be provided with suitable guarding to enhance safety. Furthermore, the frame can

15  serve as a means of mounting a joint for a spinner.

A fourth embodiment of the invention combines a pipe spinner with the adjustable
fluid collecting device of either the first or second embodiments -of the invention, housed
within a common mounting suitably adapted to withstand the forces involved in the operation
of the pipe spinner and adjustable flmd collecting device. The pipe spinner and adjustable

20  fluid collecting device are movable within the housing to the dnll pipe either by suspension
from a wire connecting to a hoisf, or are automatically moveable within the housing to the
drill pipe by mechanical arms or other robotic devices. The resulting assembly minimizes
mud-loss, speeds up dnlling operations, and greatly improves the safety of personnel on

manual rigs and ngs with older models of 1ron rough neck that do not have an integral pipe

25  spinner.

HOU:2238260.1
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The invention is not limited by the embodiments hereinbefore described but only by

the claims presented below.

-10-
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WHAT IS CLAIMED IS:

1. An apparatus for collecting fluid from a dnill stnng compnsing,
first (1) and second (2) shells pivotably coupled to each other and designed and
arranged to move from an open poSiﬁon around the circumference of a pipe (11) of a

predetermined diameter to a closed position where said first shell (1) is sealingly mated with

said second shell, and

an actuator (6), pivotably coupled to said first (1) and second (2) shells and designed
and arranged to move said first and second shells to said closed position such that a force
measured at said actuator required to move said first and second shells to said closed position
decreases as said first and second shells move toward said closed position.
2. The apparatus of claim 1 wherein,

a bellcrank (12) is coupled between said actuator (6) and said first shell (1).

3. The apparatus of claim 2 wherein,
said bellcrank (12) has a fulcrum pivotably coupled to said first shell (1) with a first

end of the bellcrank (12) coupled to said second shell (2) and a second end of the bellcrank

(12) coupled to said actuator (6).
4. The apparatus of claim 3 further comprising,

a linkage (13) having a first end pivotably coupled to said first end of said bellcrank

(12) and a second end pivotably coupled to said second shell (2).

5. The apparatus of claim 4 further comprising,

a frame (20) with said first and second shells (101, 102) pivotably mounted to said

frame.
6. The apparatus of claim 5 wherein,

said actuator (106) has a first end pivotably coupled to said frame (20) and a second

end, and

-11-
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said bellcrank(112) has a fulcrum pivotably coupled to said frame (20), with a first

end of the bellcrank (1 i2) coupled to said first shell and second shells (101, 102) and a

second end of said bellcrank (112) 1s coupled to said second end of said actuator (106).

7. The.apparétus of .claim 6 further compr_iSin_g, .

a tie rod (25) having a first tie rod end pivotably coupled to said first shell (101) and a
second tie rod end coupled to saici second sﬁell (102), said first end of ;aid ﬁc rod (25)
coupled to sgid first end of said bell crank (112). .

8. The appa.ratus' of claim 7 further compﬁsmg,

a first lever (24) haﬁng first gmd second ends, said first end of said ﬁrst lcv_cr\ (24)
pivotably coupled to said first shell (101), said second end of éaid first lever (24) pivotably
coupled to said first end of said tie rod (25) and said.ﬁrét end of said bc;:llcrank (112),

a scéond lever (29) having first and s;acond ends, said first end of said second lever
(29) pivotably coupled to said second shell (102), said second end of .said s:acc.md lever (29)
pivotabl.y coupled to said second end of said tie rod (25), and

a third lever (28) having .ﬁrst and second ends, said first end of said third lever (28)
pivbtably coupled to said frame (20), said second énd of said third lever (28) pivotably
coupled to said second end of said tie rod (25) and said second end of said second lever (29).
9. The apparatus of claim 5 ﬁmher comprising,

a pipe spinner moveably coupled to said frame (20).

10. The apparatus of any preceding claim whe'rein,.
bottom half members (9, 10) are attached to said first and sccorid shells.
11.  An apparatus for collecting fluid from a drill stning compﬁsing,
first and second shells, said first sﬁgll designed and arranged to be moved from an -

open position to a closed position with the first and second shells sealingly mating with each

other around the circumference of a pipe of a predetermined diameter,

-12-
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an actuator assembly coupled to said first shell and said second shell and designed and
arranged to move said first shell and said second shell from said open position to said closed
position, said actuator assembly characterized by a mechanical advantage which increases as
said first shell and said second shell approach éaid closed position. .
12.  Anappataii@ for collecting fluid from a drill string comprising,

first and second shells (101, 102) pivotably coupled to each other and designed and
arranged to move from an open position around the circumference of a pipe (111) of a

predetermined diameter to a closed position where said first shell is sealingly mated with said

second shell, and
an actuator (106), with a bcl]crank (11) coupled between said actuator (106) and said
first shell (101) and pivotal coupling to said second shell and designed and arranged to move

said first and second shells from said open position to said closed position and vice versa.

13. The apparatus of claim 12 further comprising,

a frame (20), with said first and second shells (101, 102) being pivotably mounted to

said frame.
14.  The apparatus of claim 13 wherein,

said actuator (106) includes a cylinder and an actuator rod with said cylinder

pivotably coupled to said frame (20), and

said bellcrank(112) has a fulcrum pivotably coupled to said frame (20) with a first end
of the belicrank (112) coupled to said first shell and second shell (101, 102) and a second end

of said bellcrank (112) coupled to said actuator rod.

15.  The apparatus of claim 14 further compnsing,
a tie rod (25) having a first tie rod end (25) pivotably coupled to said first shell (101)

and a second tie rod end (25) coupled to said second shell (102), said first tie rod end (25)

coupled to said first end of said bell crank (112).

13-
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16.  The appﬁratus of claim 15 further compnsing,

a first lever (24) having first and second eﬁds, said' .ﬁrst end of said first lever (24)
pivotably coupled to said first shell (101), said second end of said first lever (24) pivotably
coupled to said first end of said tie rod (25) and said first end of said bellcrank (112),

a second lever (29) having first and second ends, said first end of said second lever
(29) pivotably coupled to said second shell (102), said second end of said second lever (29)
pivotably coupled to said second end of said tie rod (25), and

a third lever (28) having first and second ends, said first end of said third lever (28)
pivotably coupled to said frame (20), said second end of said third lever (28) pivotably
coupled to said second end of said tie rod (25) and said second end of said second lever (29).

17.  The apparatus of claim 12 wherein,

bottom half members (109, 110) are respectively attached to said first and second

shells (101, 102), and

compliant gaskets are coupled to said first and second shells (101, 102) such that in
said closed position, said compliant gaskets are sealingly disposed between said first and
second shells (101, 102).

18.  The apparatus of claim 12 wherein,

said first and second shells (101, 102) are semi-cylindncally shaped and have
longitudinal axes disposed parallel to a longitudinal axis of said pipe (111).
19.  An apparatus for collecting fluid from and disconnecting a drill string comprising,

a frame (120),

first and second shells (201, 202) with respective bottom half members, with the first
and second shells pivotably coupled to each other and designed and arranged to move from
an open position around a joint (42, 43) coupling an upper pipe (40) of a predetermined

diameter to a lower pipe (41) of said predetermined diameter to a closed position where said

-14-
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first -shcll (201) is mated with said sgcond shell (202) and said first and second shells (201,
202) to substantially -foi'm a bucket around sa_id joint (42, 43); said first and second shells.'
coupled to said frame (120), and
' a spinner (47) coupled to said frame (120) and 'diSpo'sed longitudinally ab“ov:c said first
5  and second shells, said spinner (4‘7)' designed and arranged for rt;tating said upper pipe.(40)
\#iﬂ] respect to said' lower pii)e (41). ‘ ‘
20.  The apparatus of claim 19 further comprising,
at least one actuator assembly design';:d, gnd arranged for moving said first and second .
shells from said opeh position to said closcgi'positign énd viCe Versa. '
) 10 21. The apparatus of claim 19 or claim 20 further comprising,
a connection (46) fluidly coupled to said first shell (201) and designed and arranged
fbr attachxﬁent to a hose.
22.  The apparatus of any claims 19 to 21 ﬁxrthér cofnprising,
a compliant gasket (45) coupled to said ﬁrs.t and second shells (201, 202) designed
15 and arranged to seal said first and second shells (201, 202) Witﬁ respect to each other when
said first and second shells (201, 202) are i1n said closed position.
23.  The apparatus of any of claims 19 to 22 Wherein said spinner (47) comprises,
first and second rollers (48, 49) movcably and rot;tably couplcd to said frame (120)‘

and designed and arranged to rotatively engage said upper pipe (40).

20
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