I*I Innovation, Sciences et Innovation, Science and CA 2911047 C 2021/08/24

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 9 1 1 047
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2014/05/05 (51) CLInt./Int.Cl. E27B 19/716 (2006.01)

(87) Date publication PCT/PCT Publication Date: 2014/11/13 | (72) Inventeurs/Inventors:

- . SCEKIC, VLADIMIR, CA,
(45) Date de délivrance/lssue Date: 2021/08/24 MCCORRISTON TODD. CA:;

(85) Entrée phase nationale/National Entry: 2015/10/30 MCDOUGALL, PATRICK, CA

(86) N° demande PCT/PCT Application No.: CA 2014/000401| (73) Propriétaire/Owner:

(87) N° publication PCT/PCT Publication No.: 2014/179862 DRILLFORM TECHNICAL SERVICES LTD., CA
(30) Priorité/Priority: 2013/05/06 (US61/819,981) (74) Agent: GOWLING WLG (CANADA) LLP

(54) Titre : CLE DE FOND POUR APPAREIL DE FORAGE
(54) Title: FLOOR WRENCH FOR A DRILLING RIG

(57) Abrégé/Abstract:

A floor wrench for a drilling rig floor is provided. The wrench can include a tong assembly having upper and lower tongs made up of
articulated tong blocks that can move and lock together to enclose and make or break a joint between sections of driling pipe.
Each tong block can include a pair of die ram assemblies wherein each tong can have dies to grip the drilling pipe around its
circumference. The tong assembly can be mounted in a frame configured for horizontal and vertical movement to and from the
pipe joint. In some embodiments, the wrench can further include a pipe spinner having motorized spinners that can spin the upper
pipe to form the joint prior to torqueing the joint together, or for uncoupling the upper pipe after the joint is broken.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



wO 2014/179862 A1 [N I P00 000 O O 0 0O

(43) International Publication Date

CA 02911047 2015-10-30

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

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

=

\

(10) International Publication Number

WO 2014/179862 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Filing Date:
5 May 2014 (05.05.2014)

Filing Language: English
Publication Language: English
Priority Data:

61/819,981 6 May 2013 (06.05.2013) US

Applicant: DRILLFORM TECHNICAL SERVICES
LTD. [CA/CA]; 5060 74 Avenue SE, Calgary, Alberta
T2C 3C9 (CA).

Inventors: SCEKIC, Vladimir, 411 7 Avenue, New
Westminster, British Columbia V3L 1W6 (CA). MCCOR-
RISTON, Todd; 226 Royal Birkdale Crescent NW, Cal-
gary, Alberta T3G 5R7 (CA). MCDOUGALL, Patrick;
318 Roxboro Road SW, Calgary, Alberta T2S OR4 (CA).

Agent: PARLEE MCLAWS LLP; 1500 Manulife Place,
10180 - 101 Street, Edmonton, Alberta T5J 4K1 (CA).

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,

13 November 2014 (13.11.2014) WIPO I PCT
International Patent Classification:
E21B 19/16 (2006.01)
International Application Number:
PCT/CA2014/000401

(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))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

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

(34

Title: FLOOR WRENCH FOR A DRILLING RIG

(57) Abstract: A floor wrench for a drilling rig floor is provided. The wrench can include a tong assembly having upper and lower
tongs made up of articulated tong blocks that can move and lock together to enclose and make or break a joint between sections of
drilling pipe. Each tong block can include a pair of die ram assemblies wherein each tong can have dies to grip the drilling pipe
around its circumference. The tong assembly can be mounted in a frame configured for horizontal and vertical movement to and
from the pipe joint. In some embodiments, the wrench can further include a pipe spinner having motorized spinners that can spin the
upper pipe to form the joint prior to torqueing the joint together, or for uncoupling the upper pipe after the joint is broken.
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TITLE: FLOOR WRENCH FOR A DRILLING RIG

TECHNICAL FIELD:

The present disclosure is related to the field of automated floor wrenches for

use on a drilling rig.

10 BACKGROUND:

Automated floor wrenches for drilling rigs are known. These existing devices
do have, however, deficiencies and shortcomings. Some devices are known to
have two rams opposed to each other, each ram having a pair of tong dies to
contact and grip drilling pipe. Other devices are known to have three

15 rams spaced 120 degrees apart around the drill pipe, each ram having a tong die

to contact and grip the pipe.

The problem with these devices is that the force required for the dies to
contact and grip the pipe can score or damage the pipe surface, thus resulting in

premature pipe wear. In addition, the use of only two or three rams requires

20  significant force placed on two, three or even four points on the circumference of
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the pipe by the tong dies, which can cause the pipe to be squashed or deformed

at those points, again resulting in premature wear and service life for the pipe.

When automated floor wrenches are used on drilling rigs, it is known to
use top drives for rotating the drill string and drilling operators have been known
to use the top drive to make joints between sections of drill pipe instead of using
the automated floor wrench. Top drives can produce large amounts of torque, far
more than what is necessary to properly torque sections of drill pipe together.
Using the top drive to make the joints can apply excessive rotational force to the
automated floor wrench, which is still being used to grip to lower section of drill

pipe, and can cause damage to the floor wrench.

It is, therefore, desirable to provide an automated floor wrench for a drilling

rig that overcomes the shortcomings of prior art devices.

SUMMARY:

A floor wrench for use on a drilling rig is provided. In some embodiments,
the wrench can comprise a tong assembly mounted in a frame configured for
mounting on a drilling rig floor, and further configured for moving the tong
assembly horizontally and vertically towards and away from a joint between
sections of drilling pipe. The tong assembly can comprise an upper and lower

tong.

Broadly stated, in some embodiments, a floor wrench is provided for use

on a drilling rig, the floor wrench comprising: a manipulator frame configured for
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mounting on a drilling rig floor; a cart frame disposed within the manipulator
frame, the cart frame configured for vertical movement within the manipulator
frame; a manipulator cart disposed within the cart frame, the manipulator cart
configured for horizontal movement within the cart frame; a power tong assembly
disposed on the manipulator cart, the power tong assembly configured for
making and breaking joints between sections of drilling pipe; and a control
system configured for controlling the movement of the cart frame within the
manipulator frame, the movement of the manipulator cart within the cart frame,

and the operation of the power tong assembly.

Broadly stated, in some embodiments, the manipulator frame can further
comprise manipulator frame tracks configured for mounting onto the drilling rig
floor, and wherein the manipulator frame is further configured for horizontal

movement along the manipulator frame tracks.

Broadly stated, in some embodiments, the power tong assembly can
further comprise an upper tong disposed above a lower tong, the upper and
lower tongs configured for rotational movement in a substantial horizontal plane
relative to each other, the upper and lower tongs further configured for opening

and enclosing a joint between the sections of drilling pipe.

Broadly stated, in some embodiments, each of the upper and lower tongs
can comprise a plurality of articulated tong blocks, wherein each of the tong

blocks comprise an interlocking and interchangeable configuration.
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Broadly stated, in some embodiments, each of the upper and lower tongs
can comprise a lock configured for locking a pair of adjacent tong blocks

together.

Broadly stated, in some embodiments, each tong block can comprise at
least one die ram assembly. In some embodiments, each tong block can

comprise two die ram assemblies.

Broadly stated, in some embodiments, the floor wrench can further
comprising a spinner assembly disposed on the manipulator cart above the
power tong assembly, the spinner assembly configured for spinning a section of
drilling pipe. In some embodiments, the control system is further configured for

controlling the operation of the spinner assembly.

Broadly stated, in some embodiments, the spinner assembly can
comprise: a pillar disposed on the manipulator cart; and a roller assembly

disposed on a slide, the slide configured for vertical movement on the pillar.

Broadly stated, in some embodiments, the roller assembly can comprise a
plurality of powered rollers mounted on a roller frame, the roller frame configured
for moving the powered rollers away from each other to receive the section of
drilling pipe and for moving the powered rollers towards and spinning the section

of drilling pipe.
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Broadly stated, in some embodiments, each powered roller can comprise
a hydraulic motor operatively coupled to an input of a gearbox, and a roller wheel

operatively coupled to an output of the gearbox.

Broadly stated, in some embodiments, the control system can comprise
one or more of a group consisting of hydraulic fluid cylinders, hydraulic fluid
pumps, hydraulic fluid tanks, hydraulic fluid coolers, hydraulic fluid filters,
hydraulic fluid hoses, hydraulic fluid control valves and programmable logic

controllers.

Broadly stated, in some embodiments, the floor wrench can further
comprise a torque sensor disposed between the tong assembly and the
manipulator cart, the torque sensor operatively coupled to the control system, the
torque sensor configured to sense rotational forces applied to the tong assembly
during operation of the floor wrench and to send a signal to the control system to
stop the operation of the floor wrench when the rotational forces exceed a

predetermined threshold.

Broadly stated, in some embodiments, a method is provided for making or
breaking a joint between sections of drilling pipe at a drilling rig, the method
comprising: using a manipulator cart on a floor wrench to position an open power
tong assembly around a first section of drilling pipe; closing the power tong
assembly around the first section of drilling pipe; activating die rams disposed on

the power tong assembly to extend dies towards the first section of drilling pipe to
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grip the first section of drilling pipe; and rotating the power tong assembly and the
gripped first section of drilling pipe relative to a second section of drilling pipe to

make or break a joint between the first and second section of drilling pipe.

Broadly stated, in some embodiments, the method can further comprise
locking the power tong assembly around the first section of drilling pipe after the

power tong assembly is closed.

Broadly stated, in some embodiments, the method can further comprise
using a spinner assembly disposed on the manipulator cart above the power
tongs to engage and spin the second section of drilling pipe relative to the first

section of drilling pipe.

Broadly stated, in some embodiments, the method can further comprise
using a torque sensor to sense rotational forces applied to the power tong

assembly during operation of the floor wrench.

Broadly stated, in some embodiments, the method can further comprise
sending a signal from the torque sensor to a control system to stop the operation

of the floor wrench when the rotational forces exceed a predetermined threshold.

Broadly stated, in some embodiments, the method can further comprise
sending a signal from the torque sensor to a control system to cause the tong
assembly to release the drilling pipe when the rotational forces exceed a

predetermined threshold.



10

15

CA 02911047 2015-10-30

WO 2014/179862 PCT/CA2014/000401

BRIEF DESCRIPTION OF THE DRAWINGS:

Figure 1 is a perspective view depicting one embodiment of a floor wrench

for use on a drilling rig floor.

Figure 2A is a side elevation view depicting the floor wrench of Figure 1.

Figure 2B is a rear end elevation view depicting the floor wrench of Figure

Figure 2C is a top plan view depicting the floor wrench of Figure 1.

Figure 3A is a side elevation view depicting the floor wrench of Figure 1 in

a retracted position.

Figure 3B is a side elevation view depicting the floor wrench of Figure 3A

in an extended position.

Figure 4 is a perspective view depicting the manipulator frame and cart of

the floor wrench of Figure 1.

Figure 5 is a perspective view depicting the manipulator frame of Figure 4.

Figure 6 is an exploded top perspective view depicting the manipulator

frame and cart of Figure 4.

Figure 7A is a side elevation view depicting the manipulator frame and

cart of Figure 4 in a retracted position.
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Figure 7B is a side elevation view depicting the manipulator frame and

cart of Figure 4 in an extended position.

Figure 8A is a perspective view depicting the tong assembly of Figure 1

mounted on the cart of Figure 4.

5 Figure 8B is a side elevation depicting the tong assembly of Figure 8A.

Figure 8C is a top plan view depicting the tong assembly of Figure 8A.

Figure 9A is a perspective view depicting the tong assembly of Figure 8A.

Figure 9B is a top plan view depicting the tong assembly of Figure 9A.

Figure 9C is a side elevation view depicting the tong assembly of Figure

10 9A.

Figure 10 is an exploded perspective view depicting the tong assembly of

Figure 9A.

Figure 11 is an exploded perspective view depicting one half of the tong

assembly of Figure 9A.

15 Figure 12 is an exploded cutaway perspective view depicting a tong block

of the tong assembly of Figure 11.

Figure 13A is a top plan view depicting the tong block of Figure 12.
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Figure 13B is a cutaway elevation view depicting the tong block of Figure

13A along section lines A-A with the die ram extended.

Figure 13C is a cutaway elevation view depicting the tong block of Figure

13B with the die ram retracted.

Figure 14A is an exploded top perspective view depicting the tong block of

Figure 12.

Figure 14B is a front perspective view depicting the tong block of Figure

14A.

Figure 15A is a perspective view depicting a locking tong block of Figure
1.

Figure 15B is an exploded perspective view depicting the tong block of
Figure 15A.

Figure 16A is a cutaway side elevation view depicting the lock pin of the

tong block of Figure 15A with the lock pins in a locked position.

Figure 16B is a cutaway side elevation view depicting the tong block of

Figure 16A with the lock pins in an unlocked position.

Figure 17A is a top plan view depicting of the tong assembly of Figure 9A

with the upper and lower halves in an open position.
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Figure 17B is a top plan view depicting the tong assembly of Figure 17A

with the upper and lower halves in a closed position.

Figure 18 is a top plan view depicting the tong assembly of Figure 17B

with the upper and lower halves clamped upon a drill pipe.

Figure 19A is a top plan view depicting the tong assembly of Figure 17B

with the upper half aligned with the lower half.

Figure 19B is a top plan view depicting the tong assembly of Figure 19A

with upper half rotated counter-clockwise with respect to the lower half.

Figure 20 is an exploded perspective view depicting the spinner assembly

of the floor wrench of Figure 1.

Figure 21 is an exploded view depicting the pillar and slide plate of the

spinner assembly of Figure 20.

Figure 22 is an exploded view depicting the roller assembly of the spinner

assembly of Figure 21.

Figure 23 is an exploded perspective view depicting the roller assembly of

Figure 22.

Figure 24 is an exploded perspective view depicting a roller of the roller

assembly of Figure 23.

10
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Figure 25 is a perspective view depicting the mounting of the tong

assembly of Figure 9A onto the cart of Figure 6.

Figure 26A is a perspective view depicting a torque sensor for the floor

wrench of Figure 1.

Figure 26B is a cutaway top plan view depicting the torque sensor of

Figure 26A.

Figure 27 is an exploded perspective view depicting the torque sensor of

Figure 26A.

DETAILED DESCRIPTION OF EMBODIMENTS:

An automated floor wrench for use on a drilling rig floor is provided.
Referring to Figures 1 to 8C, an embodiment of floor wrench 10 is provided. In
some embodiments, floor wrench 10 can comprise a manipulator frame 12,
which can further comprise mounts 13 configured for mounting on the drilling rig
floor. In some embodiments, manipulator frame 12 can be slidably disposed on
manipulator tracks 16, which can further comprise mounts 17 configured for
mounting on the drilling rig floor. Frame 12 can further comprise cart 14 that can
be slidably disposed in cart frame 20. In some embodiments, cart 14 can be
configured for vertical movement within cart frame 20. In some embodiments,
floor wrench 10 can comprise tong assembly 50 operatively mounted onto cart
14. In some embodiments, floor wrench 10 can further comprise spinner

assembly 100 operatively mounted on cart 14. In some embodiments, cart 14

11
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can comprise pillar 102 and slide 104 slidably disposed thereon, wherein slide
104 can be configured for vertical movement thereon. In some embodiments,

spinner assembly 100 can be disposed on slide 104.

In some embodiments, floor wrench 10 can comprise control system 18
for controlling the operation of hydraulic cylinders and motors disposed on floor
wrench 10. Control system 18 can comprise one or more components selected
from the group consisting of hydraulic fluid cylinders, hydraulic fluid pumps,
hydraulic fluid tanks, hydraulic fluid coolers, hydraulic fiuid filters, hydraulic fluid
hoses, hydraulic fluid control valves and programmable logic controllers as well

known to those skilled in the art.

Referring to Figures 1 to 3A, floor wrench 10 is shown in a retracted
position with tong assembly 50 nested inside manipulator frame 12. In Figure
3B, floor wrench 10 is shown with manipulator frame 12 moved along tracks 16,
cart frame 20 raised vertically within manipulator frame 12 and cart 14 extended
horizontally from cart frame 20 such that tong assembly 50 is extended outwardly
and upwardly with respect to manipulator frame 12. Referring to Figure 4, floor
wrench 10 is shown without tong assembly 50 and spinner assembly 100. In
some embodiments, cart 14 can move horizontally within cart frame 20 along
tracks 21. In further embodiments, cart frame 20 can move vertically within
manipulator frame 12 along tracks 22. Referring to Figure 5, manipulator frame
12 is shown without cart frame 20 and tracks 16. In some embodiments,

manipulator frame 12 can comprise a plurality of rollers 15 for slidably

12
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engagement with tracks 16. In some embodiments, manipulator frame 12 can
comprise hydraulic rams 19 for raising and lowering cart frame 20 along tracks
22. In further embodiments, manipulator frame 12 can comprise hydraulic ram
24 for attachment to a tie bar disposed between tracks 16 wherein operation of

ram 24 can move manipulator frame horizontally along tracks 16.

Referring to Figure 6, an exploded view of cart frame 20 and cart 14 is
shown. Rollers 23 disposed on the sides of cart 14 can allow cart 14 to move
horizontally along tracks 21. In some embodiments, cart frame 20 can comprise
one or more hydraulic rams 26 attached thereto and attached to brackets 29
disposed on cart 14 for moving cart 14 along tracks 21. Referring to Figure 7A,
manipulator frame 12 is shown in a retracted position on tracks 16, with cart
frame 20 and cart 14 nested therein. Referring to Figure 7B, manipulator frame
12 is shown in an extended position on tracks 16, with cart frame 20 raised within
manipulator frame 12, and cart 14 extended from cart frame 20. Referring to
Figures 8A to 8C, tong assembly 50 and spinner assembly 100 is shown

mounted on cart 14.

Referring to Figures 9A to 19B, one embodiment of tong assembly 50 for
use on floor wrench 10 is shown. In some embodiments, tong assembly 50 can
comprise upper tong half 52 rotatably disposed on lower tong half 54, with central
bearing 64 operatively coupling the two tong halves together wherein upper tong
half 52 can rotate relative to lower tong half 54. To enable rotational movement

between the tong halves, tong assembly can comprise a first hydraulic ram

13
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assembly for pushing one tong half relative to the other, and a second hydraulic
ram assembly for pulling one tong half relative to the other. Whether upper tong
half 52 is rotated counter-clockwise relative to lower tong half 54 (when viewed
from above) to break a pipe joint, or whether upper tong half 52 is rotated
clockwise relative to lower tong half 54 to make a pipe joint, there is always one
ram assembly pushing and the other ram assembly pulling the tong halves
relative to one another. It would be understood that the reverse motions could

also be used in certain embodiments.

Referring to Figures 9A to 10, in some embodiments, hydraulic ram 58a
can be coupled at one end to upper tong half 52 via ram bracket 56a and ram
mount 57a, which can be mounted on upper tong half 52. Ram 58a can operate
rod 60a, which can be operatively coupled to rod pin 61b disposed on lower tong
half 54. Similarly, hydraulic ram 58b can be coupled at one end to lower tong
half 54 via ram bracket 56b and ram mount 57b, which can be mounted on lower
tong half 54. Ram 58b can operate rod 60b, which can be operatively coupled to
rod pin 61a disposed on upper tong half 52. For example, to make a pipe joint,
ram 58a would be extended and ram 58b would be retracted. Conversely, to
break a pipe joint, ram 58a would be retracted and ram 58b would be extended,
as shown in Figures 19A and 19B. In this manner, the rotational forces required
between upper and lower tong halves 52 and 54 to make or break pipe joints can
be balanced within tong assembly 50, and minimize torque stresses to cart 14

caused by the operation of tong assembly 50.

14
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Referring to Figures 9A to 11, an embodiment of tong assembly 50 is
shown. In some embodiments, each of tong halves 52 and 54 can comprise a
plurality of tong blocks 66 hinged together via pins 69. In a representative
embodiment, each tong half can comprise four tong blocks 66. Each tong block
66 can comprise female end 68 and male 70. In some embodiments, adjacent
tong blocks 66 can be pivotally joined together by inserting male end 70 of one
tong block 66 into the female end 68 of another tong block 66 and pinning them
together with pin 69. In some embodiments, each tong block 66 can interlock
with another tong block 66. In addition, each tong block 66 can be interchanged
with any other tong block 66 disposed in upper or lower tong halves 52 and 54.
As shown in the figures, three pins 69 can be used to pivotally join tong blocks 66
together. At mouth 90 of each tong half, in place of a pin 69, each tong half can
comprise pin lock 72 for releasably coupling adjacent tong blocks 66 together.
To open mouth 90 of each tong half to receive a drill pipe in pipe opening 88,
hydraulic rams 62 disposed on each of tong halves 52 and 54 between adjacent
tong blocks 66 can be extended to move the outermost tong blocks 66 away from
each other so that tong assembly 50 can be moved towards the drill pipe such
that it is position within pipe opening 88. Once a drill pipe is within pipe opening
88, rams 62 can be retracted to close mouth 90. Once mouth 90 is closed, pin
locks 72 can be operated to lock the outermost tong blocks 66 together to

enclose the drill pipe within pipe opening 88.

15
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Referring to Figures 11 to 16B, an exploded view of a tong half 52 or 54 is
shown. In some embodiments, each tong block 66 can comprise at least one die
ram 7;4. In the illustrated embodiment, each tong block 66 can comprise two die
rams 74. Each die ram 74 can extend or retract a die 80, which can be mounted
on a die holder 78, which can further be guided by a die guide 76 operatively
mounted on a tong block 66. Referring to Figure 12, an exploded view of a tong
block 66 is provided. In some embodiments, each die ram 74 can comprise die
ram assembly 82, which can further comprise a ram piston and ram cylinder
disposed in openings in tong block 66, wherein each piston 86 can operate a ram
rod 86 that can extend through aperture 85 disposed through cover 84 mounted
on tong block 66, as shown in Figures 13A to 13C. To extend die 80, as shown
in Figures 13A and 13B, pressurized hydraulic fluid can be applied to ram
assembly 82, as well known to those skilled in the art, to move piston 96 such
that it can push ram rod 86 through aperture 85 to push die holder 78 outward
through die guide 76. Bolts 79 can be used to attach die holder 78 to ram rod 86.
To retract die 80, as shown in Figure 13C, hydraulic fluid can be released from
ram assembly 82, as well known to those skilled in the art, to allow springs
disposed within ram assembly 82 to push piston 96 back and withdraw ram rod
86 through aperture 85 such that die holder 78 can be retracted into die holder
76. Die guides 76 can be attached to tong blocks 66 with bolts 77. Dies 80 can
be removably mounted on die holders 78 in slots disposed on the front faces

thereof.

16
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Referring to Figures 15A to 16B, one embodiment of lock pin 72 is shown.
In some embodiments, each tong half 52 and 54 can comprise a tong block 66
with a female end 68 further comprising at least one lock pin 72. Lock pin 72 can
comprise a hydraulically operated pin 73 disposed therein for engaging an
opening 71 disposed on a male end 70 of an adjacent tong block 66. When such
tong blocks 66 are positioned adjacent to one another such that male end 70 of
one is inserted into female end 68 of the other, pin locks 72 can be operated to
extend pins 73 into openings 71 to effectively lock the adjacent tong blocks
together. To unlock pin locks 72, pins 73 can be retracted from openings 71

wherein the adjacent tong blocks 66 can be separated from one another.

Referring to Figures 17A to 18, the operation of tong assembly 50 is
shown. In Figure 17A, mouths 90 of upper and lower tong halves 52 and 54 are
opened by extending rams 62 to allow drill string 48 to be placed in pipe opening
88. In some embodiments, opened tong assembly 50 can be positioned by floor
wrench 10 around drill string 48. In Figure 17B, mouths 90 are closed by
retracting rams 62, and upper and lower tong halves 52 and 54 are locked by
operating lock pins 72. Referring to Figure 18, each die 80 can be extended by
its corresponding die ram 74 to contact drill pipe 48. In practice, the placement
of tong assembly 50 relative to drill string 48 would be such that lower tong half
54 would be positioned around a box end of a lower drill pipe section and upper
tong half would be positioned around a pin end of an upper drill pipe section so

as to make or break a joint between the drill pipe sections that makeup drill string

17



10

15

20

CA 02911047 2015-10-30

WO 2014/179862 PCT/CA2014/000401

48. The incorporation of eight die rams 74, as shown in the illustrated
embodiment, can enable the placement of gripping force distributed equally
around the circumference of drill string 48 and prevent the crushing or squashing
of drill string 48 such it becomes out of round when gripped by die rams 74. In
addition, by distributing the gripping forces in multiple locations around the
circumference of drill string 48, less force per die ram 74 can be used to prevent
deep scoring on drill string 48 caused by dies 80, which can occur if fewer die
rams are used to grip drill string 48, such as are found on similar apparatuses

using only two or three die rams.

Referring to Figures 20 to 24, an embodiment of spinner assembly 100 for
use on floor wrench 10 is shown. In some embodiments, spinner assembly 100
can comprise roller assembly 106 slidably attached to slide 104, which can be
configured for vertical movement on pillar 102 by rolling along tracks 103
disposed thereon, as shown in Figures 20 to 22. In some embodiments, slide
104 can comprise rollers 130 for rolling along tracks 103 and bracket 128 for
attaching one end of hydraulic ram 124, whose other end can be attached to
pillar 102 at bracket 126. By extending and retracting ram 124, slide 104 can be
raised and lowered relative to pillar 102. In some embodiments, slide 104 can
comprise horizontal guide plate 108 having guide edges 109. Roller assembly
106 can be slidably disposed on guide plate 108 by guiding guide rollers 110
along guide edges 109. In some embodiments, roller assembly 106 can

comprise slots 122 disposed therethrough for receiving guide blocks 120

18



10

15

20

CA 02911047 2015-10-30

WO 2014/179862 PCT/CA2014/000401

attached to guide plate 108 wherein spinner assembly 106 can move horizontally
along guide plate 108. In some embodiments, spinner assembly 106 can be
secured to guide plate 108 by rods 112 attached at one end to holder blocks 118
disposed on guide plate 108, the other end of rods 112 passing through
apertures disposed on holder blocks 116 disposed spinner assembly 106 and
secured with fasteners, for example cotter pins. In further embodiments, rods
112 can comprise springs 114 disposed therearound to provide biasing means to

move spinner assembly 106 along guide plate 108.

Referring to Figure 22, an embodiment of roller assembly 106 is shown.
In some embodiments, roller assembly 106 can comprise roller subassembly 134
operatively mounted on slide plate 132 via compensation spring assemblies 136,
which can be configured for suspending roller subassembly 134 above slide plate
132 and to provide means for vertical movement of roller subassembly 134

relative to slide plate 132.

Referring to Figure 23, an embodiment of roller subassembly 134 is
shown. In some embodiments, roller subassembly 134 can comprise center
plate 142, a pair of lever plates 140 rotatably attached to center plate 142 via
attachment plates 144 and hydraulic ram 138 attached to the ends of lever plates
140 via pins 139. In some embodiments, each of center plate 142 and lever
plates 140 can comprise openings 146 for receiving a roller 148 and mounting
thereto. In the illustrated embodiment, roller subassembly 134 can comprise

three rollers 148. By extending ram 138, rollers 148 can be drawn in towards
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each other; by retracting ram 138, rollers 148 can be moved away from each
other. Referring to Figure 24, an embodiment of roller 148 is shown. In some
embodiments, roller 148 can comprise hydraulic motor 150 operatively coupled
to gearbox 152, which can be further configured to receive roller tread 154 and

removably mounted thereon.

As shown in Figures 1, 2A, 2C, 3A, 3B and 8A to 8C, spinner assembly
100 can be disposed above tong assembly 50. In operation, spinner assembly
can be used to grasp a section of drill pipe by extending ram 138, so as to
contact the drill pipe with all of the rollers 148, and rapidly spin the drill pipe. All
rollers 148 can be operated to spin the drill pipe relative to another section of
pipe disposed below that is gripped by lower tong half 54 of tong assembly 50.
Spinner assembly 100 can be used to spin the upper drill pipe clockwise prior to
making a joint with the lower drill pipe, or to spin the upper drill pipe counter-
clockwise after breaking a joint with the lower drill pipe. It would be understood
that the reverse motions could also be used in certain embodiments. By
incorporating a plurality of rollers 148 that can rotate the drill pipe, spinner
assembly 100 can quickly start threading the drill pipe sections together prior to
torqueing them together with tong assembly 50 to make the joint, or quickly
unthread the drill pipe sections apart after the joint is broken with tong assembly

50.

In some embodiments, floor wrench 10 can comprise torque sensor 36

mounted thereon for measuring rotational stresses on tong assembly 50.
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Referring to Figure 25, torque sensor 36 can be mounted between cart 14 and
tong assembly 50. In some embodiments, tong assembly 50 can comprise pins
32 and 33 extending downwardly from lower tong half 54 that can be inserted
into apertures disposed through mounting plates 28 disposed on cart 14.
Bracket 38 of torque sensor 36 can be fastened to mounting holes 30 disposed in
cart 14 by bolts, and pin 33 can be inserted into aperture 40 disposed through
torque sensor 36 and secured thereto. Retainer plates 34 can then be fastened

to pins 32 to secure tong assembly 50 to cart 14.

Referring to Figures 26A to 27, an embodiment of torque sensor 36 is
shown. In some embodiments, torque sensor 36 can comprise housing 37
having chamber 46 therein and slots 39 disposed through a sidewall of housing
37. The internal mechanism of sensor 36 can comprise bolt 41 passing collars
43 and spring washers 45 before passing through end cap 35. End cap 35 can
be attached to housing 37 once the internal mechanism is placed in chamber 46.
The end of bolt 41 extending through end cap 35 can be attached to bracket 38,
which can be attached to cart 14 as described. In some embodiments, sensors
42 can be mounted on sensor mounts 44 to be positioned in slots 39. Mounts 44
can be configured for side to side movement when attached to housing 37 to
allow sensors 42 to be properly positioned within slots 39 with respect to collars
43. In some embodiments, sensors 42 can comprise magnetic sensors or Hall
effect devices, and collars 43 can comprise materials suitable for operation with

such devices, as well known to those skilled in the art.
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In operation, by placing torque sensor between mount pin 33 extending
from tong assembly 50 and cart 14, rotational force between tong assembly 50
and cart 14 can be monitored. It is known that when automated floor wrenches
are used on drilling rigs using top drives for rotating the drill string, drilling
operators have been known to use the top drive to make joints between sections
of drill pipe instead of using the automated floor wrench. Top drives can produce
large amounts of torque, far more than what is necessary to properly torque
sections of drill pipe together. Using the top drive to make the joints can apply
excessive rotational force to the automated floor wrench, which is still being used
to grip to lower section of drill pipe, and cause damage to the floor wrench. By
incorporating torque sensor 36 in the mounting of tong assembly 50 to cart 14,
torque sensor 36 can be used to sense when excessive rotational force is
applied to the floor wrench. Sensors 42 can be positioned in slots 39 such when
excessive rotational force is applied to lower tong half 54, collars 43 move
relative to sensors 42, which can be operatively connected to control system 18.
Once collars 43 move sufficiently relative to sensors 42, sensors 42 can send a
signal to control system 18 that can, in turn, cause tong assembly 50 to release
any pipe gripped by it. In the instance when floor wrench 10 is used with a top
drive drilling rig, and its operators simply use floor wrench 10 to grip the drill
string with lower tong half 54 and use the top drive to make joints with the drill
string, torque sensor 36 can be used to sense when the rotational force is
applied to longer tong half 54 by the top drive exceeds a predetermined

threshold, and send a signal to control system 18 to cause lower tong half 54 to
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release the drill string, thereby preventing damage to floor wrench 10. In further
embodiments, control system 18 can also shut down the operation of the top
drive and any other system that was operating prior to torque sensor 36 sending

the signal to control system 18.

In other operational situations, such as during break-out operations, it is
known that a drill string can slip in a lower tong when the upper tong is trying to
break a joint in adjacent sections of pipe in the drill string. When this occurs,
excessive rotational forces can occur in lower tong half 54, which can damage
cart 14 and manipulator frame 12. By connecting torque sensor 36 between
lower tong half 54 and cart 14, such rotational forces can be detected by torque
sensor 36. When the rotational forces exceed a predetermined threshold such
that collars 43 move relative to sensors 42 within torque sensor 36, sensors 42
can send a signal to control system 18 to, in turn, cause tong assembly 50 to
release the drill string. In further embodiments, control system 18 also shut down
the operation of the top drive and any other system that was operating prior to

torque sensor 36 sending the signal to control system 18.

Although a few embodiments have been shown and described, it will be
appreciated by those skilled in the art that various changes and modifications can
be made to these embodiments without changing or departing from their scope,
intent or functionality. The terms and expressions used in the preceding
specification have been used herein as terms of description and not of limitation,

and there is no intention in the use of such terms and expressions of excluding
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equivalents of the features shown and described or portions thereof, it being

recognized that the invention is defined and limited only by the claims that follow.
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WE CLAIM:

1. A floor wrench for use on a drilling rig, the floor wrench comprising:
a manipulator frame configured for mounting on a drilling rig floor;
a cart frame disposed within the manipulator frame, the cart frame
configured for vertical movement within the manipulator frame;
a manipulator cart disposed within the cart frame, the manipulator cart
configured for horizontal movement within the cart frame;
a power tong assembly disposed on the manipulator cart, the power tong
assembly configured for making and breaking joints between sections of
drilling pipe; and
a control system configured for controlling the movement of the cart frame
within the manipulator frame, the movement of the manipulator cart within
the cart frame, and the operation of the power tong assembly,
wherein the manipulator frame comprises manipulator frame tracks
configured for mounting onto the drilling rig floor, and wherein the
manipulator frame is further configured for horizontal movement along the
manipulator frame tracks,
wherein the power tong assembly is extendable outwardly and upwardly
with respect to the manipulator frame, by means of the horizontal
movement of the manipulator cart extending horizontally from the cart
frame and by means of vertical movement of the cart frame within the

manipulator frame, respectively.

2. The floor wrench as set forth in claim 1, wherein the power tong assembly
further comprises an upper tong disposed above a lower tong, the upper and
lower tongs configured for rotational movement in a substantial horizontal plane
relative to each other, the upper and lower tongs further configured for opening

and enclosing a joint between the sections of drilling pipe.
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3. The floor wrench as set forth in claim 2, wherein each of the upper and lower
tongs comprises a plurality of articulated tong blocks, wherein each of the tong

blocks comprise an interlocking and interchangeable configuration.

4, The floor wrench as set forth in claim 3, wherein each of the upper and lower tongs

comprises a lock configured for locking a pair of adjacent tong blocks together.

5. The floor wrench as set forth in claim 3, wherein each tong block comprises at least

one die ram assembly.

6. The floor wrench as set forth in claim 5, wherein each tong block comprises two

die ram assemblies.

7. The floor wrench as set forth in claim 1, further comprising a spinner assembly
disposed on the manipulator cart above the power tong assembly, the spinner

assembly configured for spinning a section of drilling pipe.

8. The floor wrench as set forth in claim 7, wherein the spinner assembly comprises:
a) a pillar disposed on the manipulator cart; and
b) a roller assembly disposed on a slide, the slide configured for vertical

movement on the pillar.

9. The floor wrench as set forth in claim 8, wherein the roller assembly comprises
a plurality of powered rollers mounted on a roller frame, the roller frame
configured for moving the powered rollers away from each other to receive the
section of drilling pipe and for moving the powered rollers towards and spinning

the section of drilling pipe.

10. The floor wrench as set forth in claim 9, wherein each powered roller comprises a
hydraulic motor operatively coupled to an input of a gearbox, and a roller wheel

operatively coupled to an output of the gearbox.
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11. The floor wrench as set forth in any one of claims 7 to 10, wherein the control

system is further configured for controlling the operation of the spinner assembly.

12. The floor wrench as set forth in either claim 1 or 11, wherein the control system
comprises one or more of a group consisting of hydraulic fluid cylinders, hydraulic
fluid pumps, hydraulic fluid tanks, hydraulic fluid coolers, hydraulic fluid filters,
hydraulic fluid hoses, hydraulic fluid control valves and programmable logic

controllers.

13. The floor wrench as set forth in any one of claims 1 to 12, further comprising a
torque sensor disposed between the tong assembly and the manipulator cart,
the torque sensor operatively coupled to the control system, the torque sensor
configured to sense rotational forces applied to the tong assembly during
operation of the floor wrench and to send a signal to the control system to stop
the operation of the floor wrench when the rotational forces exceed a

predetermined threshold.

14. A method of making or breaking a joint between sections of drilling pipe at a drilling
rig, the method comprising:
using a manipulator cart on a floor wrench to position an open power tong
assembly around a first section of the drilling pipe, wherein positioning the
open power tong assembly comprises:
moving the manipulator cart horizontally from a cart frame, and
moving the cart frame vertically within a manipulator frame,
for extending the open power tong assembly outwardly and
upwardly with respect to the manipulator frame;

closing the power tong assembly around the first section of drilling

pipe;
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15.

16.

17.

18.

19.

activating die rams disposed on the power tong assembly to extend dies
towards the first section of drilling pipe to grip the first section of drilling
pipe; and

rotating the power tong assembly and the gripped first section of drilling
pipe relative to a second section of drilling pipe to make or break a joint

between the first and second section of drilling pipe.

The method as set forth in claim 14 further comprising locking the power tong
assembly around the first section of drilling pipe after the power tong assembly is

closed.

The method as set forth in either claim 14 or 15 further comprising using a spinner
assembly disposed on the manipulator cart above the power tongs to engage and

spin the second section of drilling pipe relative to the first section of drilling pipe.

The method as set forth in any one of claims 14 to 16 further comprising using a
torque sensor to sense rotational forces applied to the power tong assembly during

operation of the floor wrench.

The method as set forth in claim 17 further comprising sending a signal from the
torque sensor to a control system to stop the operation of the floor wrench when

the rotational forces exceed a predetermined threshold.

The method as set forth in either claim 17 or 18 further comprising sending
a signal from the torque sensor to a control system to cause the tong
assembly to release the drilling pipe when the rotational forces exceed a

predetermined threshold.
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