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(57) Abréege(suite)/Abstract(continued):

member, advancing a jaw having a grip into contact with another side of the first member to clamp the first member between the
grips, further advancing the one end of the arm while retracting an opposite end of the arm to rotate the first member, and
releasing the contact of the grips with the first member. The present invention also provides a related mechanism and wrench.
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ABSTRACT

The present invention provides a method of loosening a threaded joint between
first and second members, comprising grasi)ing the second member to prevent rotation
thereof, advancing one end of an arm having a grip into contact with one side of the first
member, advanciﬁg a Jaw having a grip into contact with another side of the first member
to.clamp the first member between the grips, further advancing the one end of the arm
while retracting an opposite end of the arm to rotate the first member, and releasing the
contact of the grips with the first member. The pfesent invention also provides a related

mechanism and wrench.
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l .
BLAST HOLE DRILL PIPE GRIPPING MECHANISM

~ This is a divisional application of Canadian Patent Application Serial No.

2,208,865, filed on June 26? 1997.

BACKGROUND OF THE INVENTION

This invention relates to mechanisms for manipulating sections of pipe to form

drill strings, and particularly to a mechanism for holding a section of the drill pipe and

:  for loosening the threaded connection between sections of the drill pipe. It should be |
understood that the expression “the invention™ and the like encompasées the subject

matter of both the parent and the divisional application.

Blast hOIe.dril]s and other similar drilling rigs use drill strings that are made

up of drill pipes that are threaded end to end. In adding to and removing pipe
10 from thé dnll stﬁﬁg, it is necessary to hold sections of pipe against rotation. A
~ tool wrench is typically employed for that purpose.

One form of tool wrench engages flats on a drill pipe much like that of an
open-end wrench engaging a bolt or nut. To engage this form of wrench, the drill
operator 1s required to rotate the drill pipe until the flats on the drill pipe are

15 aligned with the wrench. At this point, the wrench is slid over the flats on the drili
pipe. The operator then tumns the drill pipe and the wrench until the wrench hits
stops provided on the mast drill deck.

In another form of tool wrench, slots are provided-in the drill pipe that are
engaged by pawis oﬁ the ends of wrench arms. The slots allow 40° of pipe

70 rotation in either a clockwise or counterclockwise direction. A further form of tool

wrench uses individually spring-loaded pawls.
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In adding or removing pipe from the drill string, it 1s also necessary to
provide a mechanical as.é:ist to loosen the threaded connection between sections of
pipe. This is typically accomplished using a casing tong that grips and rotates one
section of the pipe while the adjacent section is held against rotation by the tool
wrench.

A common form of power operated drill pipe tong includes hydraulic
cylinder assemblies for moving jaws Into engagement Wif:h a pipe joint. Cyiinder
assemblies are also provided to afford a torquing action to make up or break apart
a drill string. In many instances problems aﬁse as sufficient torque cannot be

applied because the force applied by the hydraulic cylinder on a jaw of the casing

tong 1s in a single direction.

I provide a casing tong which can be extended from and retracted to a

stored position and also affect a unique push-pull action on the drill pipe joint.

SUMMARY OF THE INVENTION

In accordance with the invention, a mechanism for loosening a threaded

joint betvgeen first and second members of a drill string includes a wrench

engageablé with the second member to restrain the same. An arm has first and
second ends and a grip. A jaW 1s mounted for movement on the arm and has a
grip that can oppose the grip on the arm. Means are provided for advancing the
first end of the arm to engage its grip with the first member, for moving the jaw
to engage its grip with the first member, and for further advancing the first end of
the arm while retractin g the second end of the arm to apply a moment to the first

member.

MXE\2238293.01
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In the preferred embodiment, a casing tong is connected to a drilling
apparatus and includes a tong arm and -a tong jaw pivotally mounted on the tong
arm. The 'tong arm 1s slidably mountedg. over a guide member and 1s extended and
retracted at one end by a hydraulic cylinder. A second -hydraulic cylinder 1s
conhected at an opposing end of the tong arm to effect a second extension and
retraction of the -tong arm. A third cylinder assembly provides a pivoting of the
jaw on the arm. The tong jaw includes a pivotal die member to grip the dnll pipe
joint. The tong arm also includes dies to grip the pipe joint In an opposing
direction from the tong jaw. The automated casing tong is connected to a drill
mast by a tong support.

The invention has the advantage that it provides a storage position as well
as an operational position for the casing tbng. At the same time 1t provides a
push/pull effect on a drill pipe joint for loosening purposes. The casing tong\ 1S
easily automated by connection with suitable sequ«aﬁcing valves. It can be readily
connected to a mast as original equipment or retrofitted. The casing tong can be
manufactured from available components.

A control is provided for the hydraulic cylinderé to operate the same 1n a
s‘eqﬁence wherein the first hydraulic cylinder is extended from a rest position to ‘
engage the grip of fhe anh with the pipe joint, the third cylinder is extended ﬁbfn
a rest position to pivot the jaw to engage its grip with the pipe joint, the ﬁfst |
cylinder is further extended while the second cylmdei' 1s retracted from a rest

position to rotate the pipe joint, and the cylinders are thereafter returned to their '

respective rest positions.

MKXE\22238293.01



10

15

20

CA 02440176 2003-09-09

4.

Further in accordance with the invention, a tool .wr;ench has a pair of wrench
arms that are pivotally attached at their rear to a support. The axes of the pivots
for the arms are generally parallel with the axis of the drill string. The opposite
ends of the arms mount wedge—shaped pawls. The pawls are adapted to seat in
wedge-shaped ‘Slots formed in the perimeter of the drill pipe. A hydraulic cylinder

extends between the arms to open and close the arms. One end of the hydraulic

“cylinder is fixed to one arm while the other end is connected to the second arm by

means of a spring mechanism.

The hydraulic cylinder opens and closes thé wrench arms. Upon closing, if
the slots in the drill pipe are not in alignment with the pawlé on the wrench.arms,
the spring mechanism will be compressed. As the drill pipe 1s subsequently
rotated, the pawls will snap into place in the slots under the force of the spring
mechanism when alignment between the pawls and the slots is achieved. In an
opposite direction of rotation of the driil pipe, the pawls Will ride out of th@ slots
thereby forcing the wrench arms open. The tool wrench 'thereby allows 180° of
rotation of the pipe before en gagement and a ratcheting action with pipe rotation
in the opposite direction.

Preferably, the tool wrench support is pi\}otaliy mounted to _the mast deck
so that the entire tool wrench can pivot if the drill string is accidentally hoisted
while the wrench arms are engaged with a drill pipe.

The invention also resides in a method of loosening the threaded joint
between ﬁrst and second members that includes the steps of grasping the second

member to restrain the same, advancing one end of an arm having a grip 1nto

MKE\2238293.01
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contact with one side of the first member, advancing a jaw having a grip into

contact with another side of the first member to clamp the first member between

~ the grips, further advancing the one end of the arm while retracting an opposite end

of the arm to rotate the first member, and releasing the contact of the grips with
the first member.

The foregoing and other objects and advantages of the invention will appear
in the following description of a preferred embodiment. In the description,
reference is made to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partial view in perspective of a drill mast with the tool wrench
and casing tong in place;

Fig. 2 is a top plan view of the tool wrench with the wrench arms engaged
with a drill pipe shown in phantom lines;

Fig. 3 is a side view in elevation of the tool wrench of Fig. 2, again
showing the drill pipe in phantom lines;

Fig. 4 is a view in cross-section tllrough a drill pipe;

Figs. 5 - 11 are top plan views showing the casing tong m various positions
with respect to a drill pipe joint; and

Fig. 12 is a hydraulic schematic view of a sequenCing control mechanism
for the casing tong. . _

BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figs. 1 and 5, the automated casing tong 10 generally 1s shown

in conjunction with a mast 12 which 1s the subject of a commonly owned

MKE\2238293.01
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United States Patent 5,956,915 of James P. Piper, Carl D. Gilmore,

Kenneth W. Hammel, and Frank R. Szpek_, Jr. for "Tubular Drill Mast". The
casing tong 10 is attached to the mast 12 by a tong Support 14. In a typical
manner, two sections of drill pipe 16 and 17 are connected by a ‘dr'i‘ll pipe joiﬁt 18
with the lower drill pipe 17 held by a tool wrench 20.

‘Referring specifically to Fig. 5, the casing tong includes a tong arm 22
which is slidably supported by the support 24. A piston rod 27 of a first hydraulic
cylinder 26 is pivotally connected to one end bf the arm 22 such as at pivot 29.
The opposing end of the arm 22 is also connected to a second hydraulic- cylinder
31 such as by the rod 32 and the pivot point-'34. Both cylinders 26 and 31 are
connected to the tong sup;;ort 14 such as by jthe mountings 28 'and 33, respectively.

A jaw 36 1s inotally connected to the arm~22 at a pivot point 42. The jaw

36 is connected to a third hydi‘aulic cylinder 38 by means of a pivot 40 with the

_opposite end of the cylinder 38 mounted on the tong arm 22 by the connection 41.

Also pivotally connected to the jaw link 36 is a orip 44 with die pair
portions 43 such as through the pivot 45. Another péir of dies 46-forming a grip
1S mounted in a .;stationary manner on the tong arm 22. These dies 43 and 46 assist
in gripping the pipe 16. The numeral 50 indicates a customary pipe handling arm,
and numeral 19 designates a deck bushin.g ‘which can clear the casing tong 10 when
in the stored position shown 1n F ig. 5.

A better understanding of the casing tong 10 ﬁvill be had in conjunction with

its operation and particularly with the sequencing control mechanism generally 54

shown 1n Fig. 12.

MKE\2238293.01
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In the stored position shown in Fig. 5, the casing tong solenoids a and b as

designated in Fig. 12 are in the neutral position. No oil can flow from cylinders

26, 31 and 38 because of pilot check valves 59.

To move the casing tong arm 22 from the stored position into contact wifh
the drill pipé 16, solenoid "a" of spool valve 52 1s energized. Hydraulic pressure
of approximately 100 psi is then applied to the base end of cylinder 26 to extend
the casing tong arm 22 into contact with the dnll pipe.l6. This 1s 1llustrated in
Fig. ‘6. The pressure that is applied to the base end of cylinder 26 is also applied
to the rod end of cylinder 31. As a constant hydraulic pressure of 1000 psi is
applied to the base end of cylinder 31, force from cylinder 31 holds the pivot point
34 of the second end of the tong arm 22 in the end of a slot 35. Cylinder 31 will
not retract at this time.

When the tong arm 22 contacts the drill pipe 16, hydfau]ic pressure to the
base end of cylinder 26 and to the rod end of cylinder 31 increases to 500 psi.
Hydraulic oil then flows through sequence valve 56 mto the base end of cylinder
38 to close the tong _jaw 44 to grip the drill pipe 16. This is illustrated in Fig. 7.

After the drill pipe 16 is gripped, pressure increases equally at the base end
of \cylinder 26, rod end of cylinder 31, and the base end of cylinder 38 until \the
drill pipe joint 18 loosens. Cylinder 26 pushes and cylinder 31 pulls the tong arm
22 in a counter-clockwise direction to loosen the drill pipe joint 18. This is shown

in Fig. 8. Calculations show that the maximum drill pipe reaction force for the

automatic casing tong 10 is less than the maximum drill pipe reaction force for a

MKE\2238293.01
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manual casing tong. This means the automatic casing tbng 10 will not bend the ‘
drill pipe 16 as much as a manual casing tong.

‘To retract the tong arm 22 to the stored or rest position, solenoid "b" of
spool valve 52 is energized. Pressure 1s first applied to the rod énd of cylinder 38
while cylinders 26 and 31 are kept from moving by pilot check valves 59. The |
tong jaw 44 may be locked to the dnll pipe 16 because o\f internal forces. If the
tong jaw 44 1s locked, hydfaulic préssure applied to the rod end of cylinder 38
raises to 500 psi. Hydraulic oil then flows through sequence valve 57 to the rod
end of cylinder 26. Pilot check valves 59 connected to the base end of cylinder
26 and the rod end of cylinder 31 open to allow movement in the cylinders. The

resulting movement of the tong arm 22 unlocks the tong jaw 44. Pressure to the

rod end of cylinder 38 drops below 500 ps\i and pilot check valves stop movement

n cylinders 26 and 31. Normal retract then begins.

In normal retract, ;ylinder 38 retracts completely first. This is shown in
Fig. 9. Pressure on the rod end of cylinder 38 then increases to 500 psi.
Hydraulic oil then flows through sequence valve 57 to the rod end of cylinder 26.
Pilot check valves open to allow retracting of cylinder 26 and extending of cylinder
31. This is illustrated in Fig. 10. A choke attached to the rod end of cylinder 31
controls flow from cylinder 31 to ensure that cylinder 26 retracts faster than
cylinder 31 extends. This action causes the tong arm 22 to retract away frdrn the
drill pipe joint 18 without turning about the drill pipe joint. This feature reduces

sliding between the tong dies 43 and 46 and the drill pipe 16 resulting in longer

tong die life.

MKE\2238293.01
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The P and T designations in Fig. lé are for Pressﬁre and Tank with the A
and B designations indicating the ports of the spool valve 52.

Fig. 11 illustrates the tong assembly 10 in conjunction with a smaller pipe
21 in the same mode as shown 1n Fig. 3.

The tool wrench 20 is adapted to be mounted on the drill deck 60 of the

mast 12 beneath the casing tong assembly 10. A pair of spaced pillow blocks 63

and 64 assemblies are attached to the deck 60 and mount a pivot rod 65. A

support plate 66 is rotatably mounted on the pivot rod 65. The support plate 66

“includes a projecting portion 70 that mounts a pair of spaced pivots 71 and 72.

One end of a pair of wrench arms 73 and 74 are mounted on the vertical pivots 71
and 72.

_ Each arm 73 and 74 includes an integral pawl 80 adjacent the free end of
the arm. The pawls 80 oppose each other. Each pawl 80 1s generally wedge-
shaped withla stop surface 81 and with a c‘urved top surface 82. Replaceable wear
pads 83 are mounted adjacent the pawls 80 and define a generally- circular opening
between the arms /3 and 74.

A hydraulic cylinder 85 is mounted at its bas'e end In a clevis assembly ‘86
which 1s attached to one wrench arm 73. The piston rod 87 of the cylinder 85
extends through a rod clevis assembly 88 attached to the other wrench arm 74. A
spring mechanism 90 in the form .of a compressible polymer bumper is held

between a washer 91 mounted on the projecting end of the piston rod 87 and a

washer 92 mounted against the rod clevis assembly 88.

MKE\2238293.01
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The tool wrench is adapted to be used with a dnill pipe 17 having a necked

down portion 96 near its threaded top end 97. A shoulder 98 is formed between

the ﬁecked down portion 96 and the threaded end 97. The perimeter of the necked
down portion 96 includes a pair of wedge-shaped slots 100 disposed 180° apart.
Each slot 100 has a portion 101 that lies along a diameter of the pipé and a seéond
portion 102 that is transverse to the diameter and czxtends out to the perimeter of
the necked down portion 96, as shown in Fig. 4.

The wrench arms 73 and 74 are retracted away from the dnll pipe 17 by
eXtending the hydraulic cylinder 85. When retracted, the wrench arms 73 and 74
will rest against stops 105 m the pivoting support 66. Constant force from the
hydraulic cylinder 85 holds the wrench arms 73 and 74 against the stops 105 when .
the Wrench arms 73 and 74 are fully retracted. ‘

To loosen a pipe joint, the drill pipe 17 is hoisted until the necked down
portion 96 is aligned to the level of the wrench arms 73 and 74. The wrench arms
73 and 74 are then moved towards each other by i'etracting the hydraulic cylinder
85 until the pawls 80 of the wrench arms 73 and 74 contact the drill pipe 17.
Typically, the pawls 80 will not be aligned with the slots 100 when the pawls first
contact the drill pipe 17. As aresult, the force from the hydraulic cylinder 85 will
compress the spring mechanism 90, and constant force from the hydraulic cylinder

85 will hold the pawls 80 of the wrench arms 73 and 74 against the dnlil pipe 17.

. The drill pipe 17 is rotated counterclockwise as viewed in Fig. 2 while the pawls

80 are not engaging the slots 100 in the drill pipe. When the pawls 80 and slots

100 are aligned, the spring mechanism will accelerate the .pawls 80 into

MKE\2238293.01
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engagement with the slots 100. A torsional impact will result when the pawls 80

are seated in the slots 100 while a drill pipe 1s continued to be turned

counterclockwise. This may loosen the joint of the threaded end 97 from the pipe
16 above it. If it does hot loosen the threaded joint, the casing tong 10 is used to
apply the necessary additioﬁal torque while the pipe 17 is restrained by the wrench
20.

After the drill pipe joint 1s loosenéd; constant force from the hydraulic
cylinder 85 holds the pawls 80 in the dnll pipe’s slots 100. The drill bit, and any
additional lengths of dnll pipes, are supported by contact between the shoulder 98
on the drill pipe 17 and the wear pads 83 attached to the wrench arms 73 and 74.
The wrench arms 73 and 74 are supported by blocks 106 welded to the top of the
drill dgck 60.

As the drill pipe string is turned clockwise, the pawls 80 will ride out of the

slots 100 thereby forcing the wrench arms 73 and 74 to open. Hydraulic oil is

allowed to flow from the cylinder 85 to allow this action.
If the drill string is hoisted accidentally when the wrench arms 73 and 74

are contacting the necked down portion 96 of the drill pipe 17, the entire tool

* wrench assembly will pivot in the pillow blocks 63 and 64. No damage to the tool

wrench or mast will result from such accidental hoisting.
- The use of the tool wrench of the present invention makes it unnecessary

for the drill operator to align flats or slots on the drill pipe to the tool wrench. The

pawls 80 will automatically engage the slots 100 upon rotation of the driil pipe 17.

MKE\2238293.01
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The slots 100 allow 180° of coumerclockWise pipe rotation and an unlimited

ratcheting action with clockwise pipe rotation.

The pivots 71 and 72 for the wrench arms 73 and 74 are located such that
the radial forces gripping the drill pipe will increase when torsional Impact occurs
between the pawls 80 and the rotating drill pipe slots 100. Because of this, the

hydraulic cylinder 85 is not exposed to impact loads when the drill pipe joint is
loosened. The pivot points 71 and 72 are not symmetrically located relative to the

drilling axis. One pivot is located using the smallest diameter drill pipe to be

- handled, and the other pivot is located using the largest diameter drill pipe to be

handled.

Although the preferred embodiment is employed with a triangular and

tubular mast 12, it can also be employed with other mast configurations.

Furthermore, the invention can be applied generally to looseniﬁg members that are

joined by a threaded connection.

MKE\2238293.01
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method of loosening a threaded joint between first and second members,
‘comprising;:

grasping the second member to prevent rotation thereof;

adVanéing one end of an arm having a grip into contact with one side of the first
member;
| 'advancing a Jaw having a grip into contact with another side of the first member to
clamp the first member between the grips;

further advahcing the one end of the arm while retréac‘ting an opposite end of the arm to
rotate the first member; and

reléasing the contact of the grips with the first member,

2. A method in accordance with claim 1, wherein the opposite end of the arm is held

stationary while the one end of the arm 1is first advanced.

3. A method of lobsening the threaded joint between membefs of a drill string,
comprising:

grasping one of the members to prevent rotation thereof;

pivoting one end of an arm about its second end to advance a grip into contact with one
side of the other member;

pivoting a jaw having a grip about a pivot on the arm to contact the grip with another

side of the other member; and
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continuing to pivot the one end of the arm while moving the second end in a direction

about the other member that 1s opposite to the movement of the one end about the other

member.

4. A mechanism for loosening a threaded joint between a first member and a second
member, comprising:

a wrench engageable with the second member to restrain the same;

an arm having first and second ends and a grip;

a jaw mounted for movement on the arm and having a grip that can oppose the grip on
the arm;

means for advancing the first end of the arm to engage its grip with the first member;

means for moving the jaw to engage its grip with the first member; and

means for further advancing the first end of the arm while retracting the second end of

the arm to apply a moment to the first member.

5. A mechanism 1n accordance with claim 4, wherein the jaw is pivotally mounted

on the arm between the ends thereof.

0. A mechanism 1n accordance with claim 4 or 5, wherein the means comprise
hydraulic cylinders.
7. A mechamsm for loosening a threaded joint between first and second members of

a dnll string, comprising:

a wrench engageable with the second member to restrain the same:
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an arm having first and second ends and a grip engageable with the first member;

first and second hydraulic cylinders pivotally connecting the first and second ends of the
arm {o a support,
a jaw pivotally mounted to the arm intermediate its ends and having a grip engageable

with the first member; and

a third hydraulic cylinder connecting the jaw to the arm to pivot the jaw.

8. The mechanism of claim 7, together with a control for the hydraulic cylinders to

- operate the same 1n a sequence wherein the first hydraulic cylinder 1s extended from a
rest posftion to engage the grip of the arm with the first member, the third cylinder is
extended from a rest position to pivot the jaw to engage 1ts grip with the first member, the
first cylinder 1s further extended while the second cylinder is retracted from a rest
position to rotate the first member in one direction, ahd the cylinders are thereafter

returned to their respective rest position.

9. The mechanism of claim 8, wherein the wrench prevents rotation of the second

member 1n the one direction.

10.  The mechanism of claim 7, 8 or 9, wherein the second member includes wedge-
shaped slots 1n its perimeter, and the wrench comprises:

a pair of wrench arms that aré pivotally attached at one end to a wrench support and
fnount wedge-shaped pawls at their opposite end; and

a hydraulic cylinder extending between the arms to open and close the same.
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11. The mechanism of claim 10, wherein one end of the hydraulic cylinder 1s fixed to

one wrench arm while the other end of the cylindér 1s connected to the second wrench

arm by a spring mechanism.

12.  The mechanism of claim 10 or 11, wherein the wrench support is pivotally-

mounted for movement of the wrench arms in a direction parallel to the axis of the drll

string.

13. A wrench for a pipe having wedge-shaped slots in its perimeter, comprising:
a pair of wrench arms that are j)ivotally attached at one end to a wrench support and
mount wedge-shaped pawls at their opposite end; and
a hydraulic cylinder extending between the arms to open and close the same, the

hydraulic cylinder being fixed to one wrench arm while the other end of the cylinder 1s

connected to the second wrench arm by a spring mechanism.

14.  The wrench of claim 13, wherein the wrench support 1s pirvotally-mounted for

movement of the wrench arms 1n a direction parallel to the axis of the pipe.
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FIG. 12
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