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(54) Title: TORQUE WRENCH WITH MODULAR INTEGRATED SPINNER ROLLERS AND CLAMPING DIES

(57) Abstract: This invention introduces a torque wrench 1 that has a plurality of modules 25 of integrating spinner rollers and clamping
dies into an upper wrench 3 able to directly clamp on tool joint area of a tubular drill string or other threaded equipment. The spinner
roller has a driving shaft in between there is a clamping die which can move in or out relatively to the spinner roller such that the
spinner roller and die can engage the same tool joint but independently in sequence. This invention eliminates the extra spinner unit
typically suspending above the upper wrench 3, simplifies the tripping operation, and provides the ample clamping power on all sizes
of tool joints impossible in the prior arts. In addition to a plurality of modules 25 of integrated spinners and clamping dies, the clamping
die holder is designed strong enough to clamp on any sizes of tool joints required in the field operation. Furthermore, a plurality of
modules 25 of integrated spinners and clamping dies provide the self-centralizing capability to keep the tool joint in the well center
position. This invention also has a lower wrench 7 with multiple clamping dies which are used to hold the tool joint of the drill typically
called the "box" during the tripping operation. The lower wrench is stationary without rotational movement. The upper wrench 3 is
supported by the lower wrench 7 and is rotational relative to the lower wrench about 4 the axis of the drilling string. The lower wrench
7 is supported by other means 5 & 6, which allows the lower and upper wrench together rising up and down along the drilling sting
to locate the tool joint.
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A device of a tong or roughneck is usually used in running a string of drill pipe or other pipe into or out of a
well typically called “tripping”. The roughneck is usually consist of a torque wrench having a lower wrench
and top wrench rotating relatively each other, and a spinner wrench used for connecting and disconnecting
the various drilling components, such as drill pipes and drill collars. Typically the upper wrench holds the
upper tool joint called “pin”, and the lower wrench holds lower tool joint called “box”. The spinner rollers
are typically only engaging with stem of the drill string not with the tool joints.

U.S. Pat. No. 4,023,449, U.S. Pat. No. 4,348,920, and U.S. Pat. No. 4,765,401, issued to Boyadjieff at al.,
and U.S. Pat. No. 7,313,986, issued on Jan. 1, 2008 to West at al., all show the torque wrench and separate
spinner wrench suspending above the torque wrench. The above prior arts are basically 2l having a torgie
wrench and 2 spinning wrench, which is separate from the torgue wiench and mounted higher up onthe
carriage, not engaging with the tool joint rather with the stem of the uppor joint of dnill pipe and spins the
upper joint of drill pipe wrdil it is disconnected from the lower joind. Becanse the spinning wrench cannot got
close enough o the torque wiench, the iron roughnecks of the prior au cannot be used for cormecting and
disconnecting some types of drill stem conponents. For example, spiral collars have extornal stabilizers along
the stem which can be damaged by the rollers of a spirming wrench, Other corpponests have other vanations
in surface argd shape which make thenm unsuitable for contact with spinning roliers along their siems.

U.S. Pat. No. 6,776,070, issued on Aug. 17, 2004 to Mason at al., shows the torque wrench of a pair of
integrated the spinner rollers with jaws formed in the confined recess area between the two sets of side rollers.
Although it did disclose a pair of an integrated spinner with the torque wrench, the clamping jaws are formed
in a very confined recess arca which limits its clamping capacity and unable to provide the required torque
capacity for different sizes of tool joints. Secondarily, it is unable to centralize the tool joint while closing
the spinners because the torque wrench cannot maintain the same position while engaging the tool joint
without repositioning the entire torque wrench itself. Another problem with U.S. Pat. No. 6,776,070 is that
the spinner rollers are limited in size it cannot provide the spinning torque big enough to tight the tool joint,
therefore the top wrench needs to make repeated back and forward rotation cycles to tight the tool joint
connection of drill string, which causes prolong tipping time in field.

The object of the present invention is to provide a plurality of modules of integrating spinner rollers with
clamping dies into the torque wrench to connect or disconnect all types of drill strings by spinning and
clamping directly on the tool joints rather than on stem of the drill strings, and all sizes of drill strings with
enough industry required torque capacity. The preferred embodiment is with triple modules though double
modules are also a simplified embodiment.

Another object of the present invention is to eliminate the separate spinner wrench overhanging above the
torque wrench and to make the tripping operation simpler, faster and more efficient.

The further object of the present invention is to centralize the drill string by moving the modules in
substantially straight line simultancously towards to the center of the drill string without repositioning the
entire torque wrench itself.

Another further object of this invention is to provide adequate spinning torque so the spinner rollers can
quickly spin the tool joint connection tight enough such that subsequently the torque wrench can just make a
single rotation cycle to make the connection with required torque, thus to drastically saving the tripping time.

Furthermore, the object of this invention is to provide a means of actuating the movement of spinner rollers
and the clamping dies in an orderly manner such that the rollers and dies can engage the same tool joint but
at the sequential order as required.

In addition, the object of this invention is to provide a stand-alone spinning and torque device in junction to
other existing backup device to hold the box on the rig to connect or disconnect drill string or other threaded
equipment
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SUMMARY OF THE INVENTION

This invention introduces a torque wrench that has a plurality of modules of integrating spinners and
clamping dies into an upper wrench able to directly clamp on the upper tool joint area of a drill string or other
threaded equipment. Preferably two spinner roller are used with common driving shaft, located both on the
top and the bottom in between there is a clamping dic or dies and die holder which can move in or out
relatively to the spinner rollers such that the spinner rollers and dies can engage with the same upper tool
joint but independently in sequence. This invention eliminates the extra spinner unit typically suspending
above the upper wrench, simplifies the tripping operation, and provides the ample clamping power on all
sizes of tool joints impossible in the prior arts. In addition to the multiple modules of integrated spinners and
clamping dies, the vertical arrangement of sandwiching the clamping die and the die holder in between the
top and bottom rollers along the vertical direction of the drilling string makes it possible to have the clamping
dic holder designed strong enough to clamp on any sizes and types of tool joints widely used in the field
operation. Furthermore, the integrated spinners and clamping dies provides the self-centralizing capability to
keep the tool joint in the well center position.

This invention also has a lower wrench with multiple clamping jaws which are used to hold the lower tool
joint of the drill typically called the “box” during the tripping operation. The lower wrench is stationary
without rotational movement. The upper wrench is supported by the lower wrench and is able to rotate
relative to the lower wrench about the axis of the drilling string. The lower wrench is supported by other
means which allows the lower and upper wrenches together rising up and down along the drilling sting to
locate the tool joint. Although the lower wrench is preferred it is not necessary to have it to connect or
disconnect the drill string or other threaded equipment since other means such as the drill floor slip and other
backup tong or clamping devices can also hold the lower tool joint of the drill string or other threaded
equipment.

Other featres and advardgages of the present invention will be apparcit from the following detaled
description when read i corgunction with the accompanving drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings. which copstiiuic pari of this specification, embodiments demonstrating varnious foatures of
the twention are set forth as foHows:

Fi, 1 is the perspective view of the {onpe wrench of one preferred embodiment of the invention, attached
{0 the carner and the positionang device,

Fi. 215 the peespective view of ooe preferred embodiment of the torgue wrenchy

Fi65. 3 1s the perspective view of another preferred embodiment of the torgue wrench;

FiG. 4 15 the perspective view of one prefereed embodiment of the module for the torgue wrenceh;

FiG. 5 s the perspective view of another preferred embodiment of the moditle for the torque wiencly
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIG.1 shows the perspective view of the tormue wronch 1 of one preferred embodiment of the invertion,
attached to the carger 68 and the pesitioning device 61. The lower wrench of the torgus wrench is aftached

o carver which can move the ergir torque wrench np and downverticalfy, The positiondng device can axiend
or retract the forque wrench in and out between the parking position and wel center location



WO 2021/041009 PCT/US2020/045553

FIG.2 shows the perspective view of one preferred embodiment torgae wrench 1 which has the upper wrench
3 on the top and the lower wrench 7 at the bottom. The hydraulic cvlinder 4 1s attached fo the both wrenches
and apply forgue 1 the upper wrench 3 o rotate the upper wrench about the conder of the wirenches. At least
one cylinder 4 &5 reqoired. Preforably three equally spaced with 120 degrecs apart modudes 285 of the
infegrated spinaer ollers and the clamping dics are used i the vpper wiench. These modules can move
and oot the wrench housing body by a hydranlic ovhinder or a rotary actoator and engage or disengage with
the upper tool joint so the spinner rollers can grip on the tool joint. The drill string can also be centralized by
moving all modules in substantially straight line simultancously towards to the center of the drill string
without repositioning the entire torque wrench itself. In this invention, the spinner rollers with the grooves
or knurled surface grip on the tool joint, therefore it can apply a great amount of normal clamping force
directly on the tool joint otherwise not possible on the stem since the excessive force can crash the drill string,
by which in turn this invention would be able to generate a great amount of spinning torque as long as the
driving motor can provide. In this invention since the spinner rollers and the driving motors can generate
enough amount torque it can be dually used to replace the traditional casing tong for connecting or
disconnecting the casing for the casing running operation. The lower wrench 7 is used as backup device to
hold the lower tool joint, typically having two or three clamping actuators. Dies and die holders, and brackets
to connect the torque wrench carrier 60 so that the torque wrench can rise up and down along a vertical rail
or guide, and also can extend or retract with the positioning device 61. The upper wrench rotation is preferably
accomplished by using the hydraulic cylinder 4 or cylinders or actuators but it can also be done by using the
gearbox instead for more rotational degrees.

FIG.3 shows the peespactive view of another preferted embodioxent torque wrench 8 which has the upper
wrench ® oo the top and the Jower wrench 16 at the bottoor, The bydrandic cvlinder 13 is attachad to the both
wrenches asd apply torgpe (o the upper wrench 2 to rotate the upperwrerch about the center of the wrenches,
At teast one ovlinder 11 &5 required. Preferably two modeles 17 of the titegraied spinner wilers and the
clagprog dies arc psed in the upperwrench These two moedules can move 10 and o nthe opposite direction
within the housing body by 2 hydraundic cviinder or a rotary actuator and engage or disengage with the upper
tool joint so the spinner wollers can gup on the tool joint. The drill string can also be centralized by moving
all modules in substantially straight line simultancously towards to the center of the drill string without
repositioning the entire torque wrench itself. The lower wrench 10 is used as backup device to hold the lower
tool joint, typically having two or three clamping actuators, dies and die holders, and brackets to connect the
torque wrench carrier 60 so that the torque wrench can rise up and down along a vertical rail or guide, and
also can extend or retract with the positioning device 61. The upper wrench rotation is preferably
accomplished by using the hydraulic cylinder 11 or cylinders or actuators but it can also be done by using
the gearbox instead for more rotational degrees.

FIG4 is the preferred embodiment of the said module 25 of integrating the spinner relers 33 and the
clampiog dics 34 bheld by the dic holder with dovetm! shaped slot. There are three modudes used and are
eguathy spaced preforably with 120 degrees apart in hetween, At least ope roller 33 is used bat preferably a
phurality of sollers are used as shown in the drawing. The dic bolder 38 driven by a hydranbe cviinder or
piston built i the module can move inand out relative o the sad rollers 33 so the dic or dics can engage or
disengage the fool joint. The spinner roller is driven by a shaft which can be driven directly by a byvdraudic
or ¢lacirical rootor 38 or a rotary actoator or by a gearbox of sots of gears properly cordigured. The entice
medole 2% 18 driven by at least one bydeaulic cybinder o rotatory actuator 26 in o oot of the opper wrench
housing body 1o a preferred embodiment. The end of oviinder or actualor 26 is conoecied o the wrench
housing body theoogh a pinor pins or bolts or similar meass. A structore frame 3¢ attached to the module
body 3% bolds the spirwer mller assembly conmist of the doving molor, the doving shaft and the roller

Another embodiment of moving the modale can be acconplished by using a set of hakages prvoting around
certain points with cither bvdmudic ovlinder or rotatory actuator,

FIG.5 is another embodiment of the said module 17 of integrating the spinper rollers 33 and the clamping
dies 34 beld by the die bolder with dovetai] shaped shal. There ame two modules nsed and roove in the oppositc
direction. The dic holder 35 driven by a hydraulic cvlinder or piston butdt 1o the moodide can move 1o and oot
relative i the said rellers 33 so the dic or diss can engage or disongage the ol joint. There are two scts of
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driving shaft cach of which can be driven divectly by g hvdraukic or eloctrical molor 2 or 3 rotary actualor or
by a gearbox of sota of gears properly configured. The entive modude is drnven by at least one hvdraulic
cyiinder or rotatory actuator 26 in or ow of the wrench housing body 1 a preferred embodintent. The end of
the cylinder or actator 26 is connected to the wiench bousing body through a pin or pins or bokts or stmnilar
means. A structure frame 38 atiached 1o the modide body 31 bolds the spinner roller assembly consist of
driving motor, the driving shaft and the roller.

Another embodimert of movioz the medeles can be accomplished by nsing a set of linkages piveting arcund
certain points with either hydmulic cvlinder or rotatory actuator,

Although specilic embodimenis of the wwvention have been describod hevemn i some detatl, this has been
done solely for the purposes of explaimng the varions aspects of the wmvention, and is not intended to imit
the scope of the invention as defined  the clatms winch fotlow. Those skilled 1 the art will undorstand that
the embodimert shown and described is exemplary, and vanous other substitotions, alferations and
modifications. inchuding but vot hmited to those design alternatives specifically discossed herein, may be
made in the practice of the tvention without departing from 15 scope
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What is claimed is:

1. A module of integrating the spinner rollers and clamping dies into upper wrench of the said torque wrench
connecting or disconnecting tool joint of a drill strings or other threaded drilling equipment, comprising:

at least one spinner roller assembly;
a die holder and at least one clamping dic held by the die holder;

a means to move at least one said module towards or back from the tool joint so the roller can engage or
disengage with the tool joint;

a means to move the said die holder and dies relative to the spinner roller so the die or dies can engage or
disengage with the tool joint;

a means to rotate the said spinner roller assembly.

2. The apparatus of claim 1, wherein: the said each spinner roller assembly has at least one roller and a
driving shaft.

3. The apparatus of claim 1, wherein: the said means to move the module back and forward is at least one
hydraulic cylinder or pneumatic cylinder or rotary actuator or electrical actuator.

4. The apparatus of claim 1, wherein: the said means to move the said die holder and dies is a hydraulic
cylinder or pneumatic cylinder or rotary actuator or electrical actuator.

5. The apparatus of claim 1, wherein: the said means to rotate the spinner rollers is a hydraulic motor or rotary
actuator or electrical actuator or a gearbox with sets of gears combination.

6. A torque wrench connecting or disconnecting tool joint of a drill strings or other threaded drilling
equipment, comprising:

a upper wrench having a plurality of said modules;
a housing holding a plurality of said modules;
a lower wrench having a plurality of clamping dies;

a means to move the said modules towards or back from the tool joint so the rollers can engage or disengage
with the tool joint;

a means to move the die holder and dies relative to the spinner rollers so the dies can engage or disengage with
the tool joint;

a means to rotate the upper wrench relative to the lower wrench to connect or disconnect the tool joints;
a means to rotate the spinner rollers to tighten or loosen the connection of tool joints.

7. The apparatus of claim 6, wherein: the said each spinner roller has at least one roller rotating with a driving
shaft.

8. The apparatus of claim 6, wherein: the said means to move the module back and forward is at least one
hydraulic cylinder or pneumatic cylinder or rotary actuator or electrical actuator.

9. The apparatus of claim 6, wherein: the said means to move the die holder and dies is a hydraulic cylinder or
pneumatic cylinder or rotary actuator or electrical actuator.

10. The apparatus of claim 6, wherein: the said means to rotate the spinner rollers is a hydraulic motor or rotary
actuator or electrical actuator or a gearbox with sets of gears combination.



WO 2021/041009 PCT/US2020/045553

11. The apparatus of claim 6, wherein: the said a means to rotate the upper wrench relative to the lower wrench
is at least one hydraulic cylinder or pneumatic cylinder or rotary actuator or electrical actuator or a gearbox
with sets of gears combination.

12. A method of disconnecting the tool joints of a drill string or other threaded equipment, comprising of the
following steps:

Moving a plurality of modules of integrated spinner rollers and clamping die holder and dies in the upper
wrench towards to the upper tool joint; extending the clamping die holder and dies and gripping on the upper
tool joint;

Moving a plurality of clamping die holder and dies in the lower wrench or other backup device towards to the
lower tool joint and gripping on the lower tool joint;

Rotating the upper torque wrench counterclockwise to loosen the connection;

Retracting back the extended clamping die holder and dies in the upper wrench and spinning the rollers
counterclockwise to completely loosen the tool joint.

13. A method of connecting the tool joints of a drill string or other threaded equipment, comprising of the
following steps:

Moving a plurality of clamping die holder and dies in the lower wrench or other backup device towards to the
lower tool joint and gripping on the lower tool joint;

Moving a plurality of modules of integrated spinner rollers and clamping dies in the upper wrench towards to
the upper tool joint; gripping the rollers on the upper tool joint; spinning the rollers clockwise to tighten the tool
joint;

Extending the clamping die holder and dies in the upper wrench and spinning the rollers counterclockwise to
tighten the tool joint.

Rotating the upper torque wrench clockwise to tighten the connection till a required torque is reached.
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