wo 2014/082103 A 1[I I P00 000 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2014/082103 A1

(51

eay)

(22)

(25)
(26)
(30)

(72)
1

(72

74

31

30 May 2014 (30.05.2014) WIPOIPCT
International Patent Classification:
E21B 19/16 (2006.01)
International Application Number:
PCT/ZA2013/000075

International Filing Date:
9 October 2013 (09.10.2013)

Filing Language: English
Publication Language: English
Priority Data:

2012/08740 21 November 2012 (21.11.2012) ZA

Inventor; and
Applicant : BESTER, Domengoes [ZA/ZA]; 3 Maroela
Road, 0250 Brits (ZA).

Inventor: MEYER, Jan Hendrik; 24 Exner Street, 0250
Brits (ZA).

Agent: SIBANDA & ZANTWIJK; PO Box 1615,
Houghton, 2041 Johannesburg, Gauteng (ZA).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: APPARATUS FOR BREAKING THREADED PIPE CONNECTIONS

(57) Abstract: Apparatus (10) for breaking threaded pipe
connections (12) includes a housing ring (16) that is, in use,
rotatably connected to a frame (14), the housing ring (16) de-
fining an aperture (10) for, in use, receiving a pipe section
therethrough. At least three cams (20) are pivotally connected
to the housing ring (16). A guide ring (18) is rotatable relat-
ive to the ring (16) between an open position in which the
cams (20) are, in use, radially spaced from a pipe section ex-
tending therebetween and a clamped position in which the
cams (20), in use, engage with and clamp the pipe section.
The guide ring (18) defines at least three ramps (24), each
ramp (24) causing a corresponding cam (20) to ride up the
ramp (24), pivot and protrude radially inwards as the guide
ring (18) is rotated from the open position to the clamped po-
sition; and includes at least three fingers (26) that bear against
the cams (20) to cause the cams (20) to pivot and retract radi-
ally outwards as the guide (18) is rotated from the clamped
position to the open position. Such that, at least a portion of
each ramp (24) and corresponding finger (26) forms a recess
defined by the guide ring (18) that receives at least a portion
of the corresponding cam (20) therein when the guide ring
(18) is in the open position.

At Figure 1
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APPARATUS FOR BREAKING THREADED PIPE CONNECTIONS

BACKGROUND

The present invention rélates to apparatus for breaking threaded pipe connections. More
specifically, the present invention relates to apparatus for clamping and rotating sections

of a drill pipe string.

Chucks for breaking drill pipe strings are known. For instance, US4,092,881 “Apparatus
for making-up and breaking threaded pipe connections” describes a frame supporting a
turnable chuck and a non-turnable chuck, each chuck comprising a ring for receiving and
clamping a pipe therein. A first pneumatic actuator causes the chucks to clamp on the
pipe, while a second pneumatic actuator causes the turnable chuck to turn and break the

threaded pipe connection.

US4,372,026 “Method and apparatus for connecting and disconnecting tubular members”
at figures 11 and 12 describes chucks with: (i) rollers movable along a ramp; and (i)
sprags, to clamp a pipe section to be unthreaded. Similar arrangements are described in
US8,186,246 “Gripping or clamping mechanism” and US5,676,226 “Spr_ag and roller one-

way clutch assembly”.

US4,631,987 “Power tongs” describes a chuck with gripping dies housed within a ring
that are pivotal, but not displaceable relative to the ring between an open position in
which the grippi'ng die is housed within a cavity defined by the ring and a clamped
position in which the gripping die extends from the cavity radially towards the axis of the
ring. When in the clamped position, the cavity is “open”, permitting ingress of dirt.
Furthermore, when in the clamped position, the bias of a spring is required to return the

gripping dies towards the open position.

A drawback of known systems is that they are susceptible to the ing'ress of dirt which,
over time, increases wear and tear and impacts operation of the systems. A further

drawback of many of the known systems is that they require complex mechanisms
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including springs or gears to actuate the chuck jaws between the open and clamped

positions.

The thread breaking apparatus according to the present invention aims to address thesé

drawbacks.

SUMMARY OF THE INVENTION

According a preferred embodiment of the present invention, apparatus for breaking

threaded pipe connections includes:

a housing ring that is, in use, rotatably connected to a frame, the housing ring

defining an aperture for, in use, receiving a pipe section therethrough;
at least three cams pivotally connected to the housing ring;

a guide ring rotatable relative to the housing ring between an open position in which
the cams are, in use, radially spaced from a pipe section extending therebetween
and a clamped position in which the cams, in use, engage with and clamp the pipe

section, the guide rihg:

defining at least three ramps, each ramp causing a corresponding cam to ride
up the ramp, pivot and protrude radially inwards as the guide ring is rotated

from the open position to the clamped position; and
including at least three fingers that bear against the cams to cause the cams
to pivot and retract radially outwards as the guide ring is rotated from the
clamped position to the open position,
wherein at least a portion of each ramp and corresponding finger forms a recess defined
by the guide ring that receives at least a portion of the corresponding cam therein when
the guide ring is in the open position.

Typically, the guide ring is sandwiched between a pair of housing rings.

Generally, the recess is enclosed between the housing rings to form a cavity.
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Preferably, the ramps, fingers and cams are sized and shaped subh that when the guide
ring is in the open position, the fingers limit pivoting of the cams to less than 30 degrees.
More preferably, the ramps, fingers and cams are sized and shaped such that when the
guide ring is in the open position, the fingers limit pivoting of the cams to less than 20
degrees. Even more preferably, the ramps, fingers and cams are sized and shapéd such
that when the guide ring is in the open position, the fingers limit pivoting of the cams to
less than 10 degrees. Optimally, the ramps, fingers and cams are sized and shaped such
that when the guide ring is in the open position, the fingers limit pivoting of the cams to

less than 5 degrees.

Typically, the threaded connection breaking apparatus further includes a means for

causing the guide ring to rotate between the open and clamped positions.
Generally, the threaded connection breaking apparatus further includes a frame.
Preferably, the threaded connection breaking apparatus further includes means for

causing the housing ring to rotate relative to the frame thereby, in use, to rotate a pipe

section clamped by the cams.

Typically, operation of the housing ring rotating means is conditional upon the guide ring

rotating means exerting and maintaining a predetermined force upon the guide ring.

Generally, each cam includes a cam tip distal the point at which the cam is pivotally

connected to the housing ring, which cam tip is pivotally secured to the cam.
Preferably, one surface of the cam tip may be serrated.

Typically, the serrated surface is curved to form a concave with a radius between 50 mm

and 100 mm.

Generally, one of the cam and the cam tip defines a circular bay and the other of the cam
and the cam tip defines a circular protrusion sized and shaped to locate and rotate within

the bay.
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Preferably, the cam tip is pivotal relative to the cam by between 10 degrees and 30
degrees. More preferably, the cam tip is pivotal relative to the cam by between 15

degrees and 25 degrees.

Typically, the cam tip is substantially triangular defining an apex distal the point of

connection with the cam having an angle between 5 degrees and 25 degrees.

Generally, the cam tip is made from a harder material than the maierial from which the

cam is made.

Preferably, the guide ring defines a bore that extends linearly from the radial outer

periphery of the guide ring to the ramp at a point outside the recess.

Typically, the radial outer periphery of the guide ring defines a notch adjacent the bore so

as to provide a planar surface that is normal to the longitudinal axis of the bore.

Generally, a threaded portion is associated with the bore for co-operating with a threaded

portion on a bolt sized to be received within the bore.

Preferably, the bolt is movable between: (i) a retracted position in which the bolt does not
protrude radially inwards from the radial inner periphery of the guide ring; and (ii) an
extended position in which the bolt protrudes radially inwards from the radial inner
periphery of the guide ring and abuts a cam while the guide ring is in the clamped

position, thereby locking the cam and guide ring in the clamped position.

Typically, the threaded connection breaking apparatus further includes a port associated
with each cavity, the ports: (i) being defined by the housing ring and/or the guide ring; and
(i) facilitating the ejection of accumulated dirt from the cavity as the cam is received

therein.

Generally, each cam is connected to the pair of housing rings by a pin spanning between

the housing rings and extending through a bore defined by the cam.

Preferably, the ramps define a square aperture in the guide ring with recesses extending

from corners of the square aperture.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in more detail, by way of examples only, with

reference to the accompanying drawings in which:

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5§

Figure 6

Figure 7

is a perspective view of a threaded connection breaking apparatus
according to a first embodiment of the present invention with the guide ring

in the open position;

" is a side view of a threaded connection bfeaking apparatus according to

Figure 1 mounted on a frame above a non-turnable chuck and a pipe

extending therethrough;

is a perspective view of the threaded connection breaking apparatus in

Figure 1 with the guide ring in the clamped position;

is a perspective exploded view of the threaded connection breaking

apparatus in Figure 1;

is a top view of the threaded connection breaking apparatus along plane X-

X in Figure 2 with the guide ring in the open position;

is a top view of the threaded connection breaking apparatus along plane X-

X in Figure 2 with the guide ring in the clamped position; and

is a cross sectional top view of a threaded connection breaking apparatus
(along a similar plane as X-X in Figure 2) according to a second
embodiment of the present invention with the guide ring in the clamped

position.

DESCRIPTIONS OF PREFERRED EMBODIMENTS

With reference to Figures 1 to 6 of the drawings, there is provided a first embodiment of

apparatus 10 for breaking threaded pipe connections 12 in drill strings. The threaded
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connection breaking apparatus 10 includes a frame 14, housing ring 16, guide ring 18

and cams 20.

When the drill rig (not shown) is set up, the apparatus 10 is secured above a non-turnable
chuck 22 and the drill string 12 passed centrally through the apparatus 10 and non-

turnable chuck.

The frame 14 is a steel structure to which the housing ring 16 is rotatable secured about
axis A-A.

Figures 1 to 4 show a pair of housing rings déﬁning a central, circular aperture (generally
between 65 and 190mm in diameter) arranged concentric but spaced axially relative to

each other.

A concentric guide ring 18 is rotatably sandwiched and capfured between the housing
rings 16. Turning to Figures 4 to 6, the guide ring 18 defines four ramps 24 that incline
towards the longitudinal axis A-A as the ramps extend from a first end to a second end. At
the first end of each ramp 24, the guide ring 18 includes a corresponding finger 26 that
extends towards: (i) the longitudinal axis A-A; and (i) the second end of the

corresponding ramp 24, to form a recess 28 therebetween.

The ramps 24, fingers 26 and recesses 28 are arranged symmetrically around the guide
ring 18. In plan view, the guide ring 18 defines a square central aperture with recesses 28

extending from corners of the square.

It will be appreciated that when the guide ring 18 is sandwiched between the housing

rings 16, the recesses 28 are enclosed by the hbusing rings 16 to form cavities.

Four cams 20 are pivotally connected to the housing ring 16 via pins 30 that span

between the housing rings 16 and extend through bores defined by the cams 20.

Each cam 20 is elongate in shape and includes a gripping formation 32 that, in use,

facilitates gripping of a pipe 12 by the cam 20.

The guide ring 18 is rotatable relative to the housing rings 16 between an open position
shown in Figures 1 and 5 and a clamped position shown in Figures 3 and 6. When in the

open position, the cams 20 are retracted within the cavities 28 and, in use, spaced
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radially from a pipe 12 extending axiélly through the housing rings 16, permitting the pipe
12 freely to rotate and move relative to the housing rings 16 along the longitudinal axis A-
A

As the guide ring 18 is rotated clockwise towards the clamped position, each cam 20
extends from its cavity 29 and travels along the corresponding ramp 24. As the cam 20
travels along the ramp 24, the cam 20 pivots about the pin 30 and protrudes radially
inwards towards the longitudinal axis A-A until the gripping formation 32 on the cam 20
engages the pipe 12 to clamp the pipe 12 between the cams 18 and inhibit reiative

rotation between the pipe 12 and housing rings 16.

As the guide ring 18 is rotated anti-clockwise from the clamped position towards the open
position, the fingers 26 bear against the cams 20 and cause the cams 20 to pivot radially
outwards away from the longitudinal axis A-A. Simultaneously, the cams 20 are retracted

into the cavities 28.

When in the open position, the cams 20 define a virtual central bore between 180mm and
200mm, preferably 190mm in diameter. When in the clamped position, the cams 20

define a virtual bore between 50mm and 70mm, preferably 80mm in diameter.

The cams 20, ramps 24 and fingers 26 are sized and shaped to ensure that when the
guide ring 18 is in the open position, the fingers 24 limit pivoting of the cams 20 to: (i) less
than 30 degrees; (ii) preferably less than 20 degrees; (iii) more preferably less than 10

degrees; and (iv) even more preferably less than 5 degrees.

In an alternative embodiment (not shown), The cams 20, ramps 24 and fingers 26 are
sized and shaped to ensure that the openings to the cavities 28 are substantially closed
by the cams 20 when the guide ring 18 is in the open position, the clamped position and
any intermediate position. This inhibits ingress of dirt into the cavity 28. In this context,
“substantially closed” means that the component parts do not define a gap permitting

access to the cavity 28 wider than 15mm, preferably 10mrh and more preferably 5mm.

Ports 34 are defined by the housing rings 16 and/or guide ring 18 to facilitate ejection of

accumulated dirt in the cavities 28 as the cams 28 are retracted therein.
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Means 36 (in the form of a hydraulic cylinder) for causing the guide ring 18 to rotate
between the open and clamped positions is connected at one end to a lug 35 on the

housing ring 16 and at the other end to a lug 37 on the guide ring 18.

A second means 38 (also in the form of a hydraulic.‘ cylinder) is connected at one end to
the frame 14 and at the other end to the lug 35 on the housing ring 16 to rotate the
housing ring 16 relative to the frame 14 and thereby, in use, to rotate a pipe section 12

clamped by the cams 20.

The housing ring rotating means 38 is arranged to actuate only when a predetermined
force is applied to the guide ring 18 by the guide ring rotating means 36. Should such
applied force fall below the predetermined force, the housing ring rotating means 38 stops
actuating and the guide ring rotating means 36 is again actuated to increase the applied

force to the requisite level.

It will be appreciated that when two pipe sections 12 are threadably connected to each
other, gripping one of the pipe sections in the non-turnable chuck and the second pipe
section in the apparatus 10 and turning the housing ring 16 using the housing ring
rotating means 38 causes the two pipe sections 12 to break the threaded pipe

connection.

Turning to Figure 7, there is provided a second embodiment of a threaded connection
breaking apparatus 110. This embodiment is similar to the first embodiment 10, but
includes a cam tip 140 and a bore 142. Figure 7 is a cross-sectional view of the threaded

connection breaking apparatus 110 taken along a similar plane as plane X-X in Figure 2.

Each cam 120 includes a cam tip 140 distal the point at which the cam 120 is pivotally
connected by the pin 130 to the housing ring 116, which cam tip is pivotally secured to
the cam 120. The cam tip 140 is substantially triangular defining a base adjacent the cam
130 and an apex. The surface of the cam tip facing the axis A-A is curved to form a
concave surface, which is serrated. The radius of the curved, serrated surface is between
50 mm and 100 mm. In use, the serrated surface bears against a pipe extending axially

through the housing rings 116

Each cam 120 defines a circular bay, whereas the cam tip 140 adjacent its base defined
a circular protrusion that is sized and shaped to locate and rotate within the bay. This

pivotal connection permits the cam tip 140 to pivot relative to the cam 120 by between 10
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and 30 degrees (preferably, between 15 degrees and 25 degrees). It will be appreciated
“that, the circular bay and protrusion could alternatively be defined by / formed on the cam

tip 140 and cam 120, respectively.

The apex of the cam tip 140 has an angle between 5 degrees and 25 degrees. And, the
cam tip 140 is made from a harder material than the material from which the cam 120 is

made.

The bore 142 defined by the guide ring 118 extends linearly from the radial outer
periphery of the guide ring 118 to the ramp 124 at a point outside the recess 128. The
radial outer periphery of the guide ring 118 defines a notch 144 adjacent the bore 142 so
as to provide a planar surface that is normal to the longitudinal axis of the bore 142. The
internal surface of the bore 142 could be threaded, or a nut could be secured to the guide
ring 118 within the notch 144. A bolt 146 sized and shaped to fit within the bore 142 and
having a threaded portion for co-operating with the threaded portion of the bore 142 is
insertable within the bore 142 and movable between: (i) a retracted position in which the
bolt 146 does not protrude radially inwards from the radial inner periphery of the guide
ring 118; and (ii) an extended position in which the boit 146 protrudes radially inwards
from the radial ihner periphery of the guide ring 118 and abuts a cam 120 while the guide
ring 118 is in the clamped position, thereby locking the cam 120 and guide ring in the
clamped position. When the bolt 146 is in the exfended position, the bolt enables the cam

120 to apply increased torque to a drill string 112 received within the guide ring 118.
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CLAIMS

1.

Apparatus for breaking threaded pipe connections including:

a hdusing ring that is, in use, rotatably connected to a frame, the housing.ring

defining an aperture for, in use, receiving a pipe section therethrough;
at least three cams pi'votally connected to the housing ring;

a guide ring rotatable relative to the housing ring between an open position in
which the cams are, in use, radially spaced from a pipe section extending
therebetween and a clamped position in which the cams, in use, engage with

and clamp the pipe section, the guide ring:

defining at least three ramps, each ramp causing a corresponding cam to
ride up the ramp, pivot and protrude radially-inwards as the guide ring is

rotated from the open position to the clamped position; and

including at least three fingers that bear against the cams to cause the
cams to pivot and retract radially outwards as the guide ring is rotated

from the clamped position to the open position,

wherein at least a portion of each ramp and corresponding finger forming a recess
defined by the guide ring that receives at least a portion of the corresponding cam

therein when the guide ring is in the open position.

Threaded connection breaking apparatus according to claim 1, wherein the guide

ring is sandwiched between a pair of housing rings.

Threaded connection breaking apparatus according to claim 2, wherein the recess

is enclosed between the housing rings to form a cavity.

Threaded connection breaking apparatus according to claim 3, wherein the ramps,
fingers and cams are sized and shaped such that when the guide ring is in the open

position, the fingers limit pivoting of the cams to less than 30 degrees.



WO 2014/082103 PCT/ZA2013/000075

10.

11.

12.

13.

11

Threaded connection breaking apparatus according to claim 3, wherein the ramps,
fingers and cams are sized and shaped such that when the guide ring is in the open

position, the fingers limit pivoting of the cams to less than 20 degrees.

Threaded connection breaking apparatus according to claim 3, wherein the ramps,
fingers and cams are sized and shaped such that when the guide ring is in the open

position, the fingers Ii'mit pivoting of the cams to less than 10 degrees.

Threaded connection breaking apparatus according to claim 3, wherein the ramps,
fingers and cams are sized and shaped such that when the guide ring is in the open

position, the fingers limit pivoting of the cams to less than 5 degrees.

Threaded connection breaking apparatus according to claim 7 further including a
means for causing the guide ring to rotate between the open and clamped

positions.

A threaded connection breaking apparatus according to claim 8 further including a

frame.

Threaded connection breaking apparatus according to claim 9 further including
means for causing the housing ring to rotate relative to the frame thereby, in use, to

rotate a pipe section clamped by the cams.

Threaded connection breaking apparatus according o claim 9, wherein operation of
the housing ring rotating means is conditional upon the guide ring rotating means

exerting and maintaining a predetermined force upon the guide ring.

Threaded connection breaking apparatus according to claim 11, wherein each cam
includes a cam tip distal the point at which the cam is pivotally connected to the

housing ring, which cam tip is pivotally secured to the cam.

Threaded connection breaking apparatus according to claim 12, wherein one

surface of the cam tip is serrated.
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14.

15.

16.

17.

18.

19.

20.

21,

22.

23.

12

Threaded connection breaking apparatus according to claim 13, wherein the
serrated surface is curved to form a concave with a radius between 50 mm and 100

mm.

Threaded connection breaking apparatus according to claim 14, wherein one of the
cam and the cam tip defines a circular bay and the other of the cam and the cam tip

defines a circular protrusion sized and shaped to locate and rotate within the bay.

" Threaded connection breaking apparatus according to claim 15, wherein the cam

tip is pivotal relative to the cam by between 10 degrees and 30 degrees.

Threaded connection breaking apparatus according to claim 15, wherein the cam

tip is pivotal relative to the cam by between 15 degrees and 25 degrees.

Threaded connection breaking apparatus according to claim 17, wherein the cam
tip is substantially triangular defining an apex distal the point of connection with the

cam having an angle between 5 degrees and 25 degrees.

Threaded connection breaking apparatus according to claim 18, wherein the cam

tip is made from a harder material than the material from which the cam is made.

Threaded connection breaking apparatus according to claim 19, wherein the guide
ring defines a bore that extends linearly from the radial outer periphery of the guide

ring to the ramp at a point outside the recess.

Threaded connection breaking apparatus according to claim 20, wherein the radial
outer periphery of the guide ring defines a notch adjacent the bore so as to provide

a planar surface that is normal to the longitudinal axis of the bore.

Threaded connection breaking apparatus according to claim 21, wherein a threaded
portion is associated with the bore for co-operating with a threaded portion on a bolt

sized to be received within the bore.

Threaded connection breaking apparatus according to claim 22, wherein the bolt is
movable between: (i) a retracted position in which the bolt does not protrude radially
inwards from the radial inner periphery of the guide ring; and (i) an extended

position in which the bolt protrudes radially inwards from the radial inner periphery
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24.

25.

26.

13

of the guide ring and abuts a cam while the guide ring is in the clamped position,

thereby locking the cam and guide ring in the clamped position.’

Threaded connection breaking apparatus according to claim 23 further including a
pdrt associated with each cavity, the ports: (i) being defined by the housing ring
and/or the guide ring; and (ii) facilitating the ejection of accumulated dirt from the

cavity as the cam is received therein.

Threaded connection breaking apparatus according to claim 24, wherein each cam
is connected to the pair of housing rings by a pin spanning between the housing

rings and extending through a bore defined by the cam.

Threaded connection breaking apparatus according to claim 25, wherein the ramps
define a square aperture in the guide ring with recesses extending from corners of

the square aperture.
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Figure 1
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Figure 4
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Figure 6
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