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Abstract

The present invention proposes a reactive torque automatic balancing device for

a screw drilling tool, a drilling string and a method. The device includes an upper joint

5 (1); a core cylinder (9) having an inner chamber in communication with the screw
drilling tool (305) located downstream, so that drilling fluid from the inner chamber

of the upper joint (1) flows to the screw drilling tool (305) through the inner chamber

of the core cylinder (9) to allow the screw drilling tool to perform drilling; a lower

joint (16) fixedly arranged at a lower end of the core cylinder (9); and an automatic

10  balancing assembly, which is arranged between an outer wall of the core cylinder (9)
and an inner wall of the upper joint (1), and driven by hydraulic pressure generated by

a part of the drilling fluid flowing through the inner chamber of the upper joint (1).
When the drilling fluid has a displacement equal to a first predetermined value, a
friction torque generated between the upper joint (1) and the core cylinder (9) is equal

156 to a reactive torque generated on the housing of the screw drilling tool (305), for
performing directional drilling. When the displacement of the drilling fluid is higher

than the first predetermined value, the friction torque generated between the upper

joint (1) and the core cylinder (9) is greater than the reactive torque generated on the
housing of the screw drilling tool (305), so that the core cylinder (9) drives the

20  housing of the screw drilling tool (305) in rotation, for performing combined drilling.

(Fig. 1)
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REACTIVE TORQUE AUTOMATIC BALANCING DEVICE FOR SCREW
DRILLING TOOL, DRILLING STRING, AND METHOD

Technical Field

The present invention relates to the technical field of construction of oil and gas
wells, in particular to a reactive torque automatic balancing device for screw drilling
tool, a drilling string comprising the device, and a drilling method with the drilling

string.

Technical Backeround

At present, in directional wells and horizontal wells a screw drilling tool is
mainly used for controlling wellbore trajectory. During the drilling process, the drill
string does not rotate in sliding drilling, so as to ensure stability of the tool face of the
screw drilling tool, which, however, will cause a large axial friction between the drill
string and a wall of the well. In particular, for horizontal wells with long horizontal
sections and extended reach wells, huge axial friction will deteriorate transmission of

Weight on Bit (WOB), and cause a low Rate of Penetration (ROP).

In order to solve the shortcomings of a low ROP when the screw drilling tool is
used in sliding directional drilling, various technologies have been developed at home
and abroad, wherein the main idea thereof is to rotate the drill string to reduce the
friction and increase the ROP. In the prior arts, advanced rotary steering tools have
been used to effectively control the wellbore trajectory and at the same time drive the
drill string in rotation, thus overcoming the shortcomings of sliding steering
technology. In this manner, transmission of the WOB is smooth with a high ROP, so

that the wellbore can have satisfactory quality. However, the rotary steering tool is an

o1-
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electro-mechanical-hydraulic integrated device, which is expensive to use and

maintain, so that the drilling cost can hardly be reduced.

Summary of the Invention

In view of some or all of the above technical problems existing in the prior arts,
the present invention proposes a reactive torque automatic balancing device for a
screw drilling tool, a drilling string comprising the device, and a drilling method with
the drilling string. The reactive torque automatic balancing device is based on a screw
drilling tool, and can drive the drill string in rotation during sliding drilling to transfer
the WOB smoothly. In addition, the tool face of the screw drilling tool can be
effectively controlled, thus solving the problems such as backing pressure in sliding
drilling, low ROP or the like. Moreover, the device has a simple structure and a low

cost.

According to a first aspect of the present invention, a reactive torque automatic
balancing device for a screw drilling tool is proposed, comprising: a cylindrical upper
joint; a core cylinder arranged in an inner chamber of the upper joint, the core
cylinder having an inner chamber in communication with the screw drilling tool
located downstream, so that drilling fluid from the inner chamber of the upper joint
flows to the screw drilling tool through the inner chamber of the core cylinder to
allow the screw drilling tool to perform drilling; a cylindrical lower joint fixedly
arranged at a lower end of the core cylinder, a part of the lower joint extending out of
the inner chamber of the upper joint to be fixedly connected to a housing of the screw
drilling tool through a lower drill rod; and an automatic balancing assembly, which is
arranged between an outer wall of the core cylinder and an inner wall of the upper
joint, and driven by hydraulic pressure generated by a part of the drilling fluid flowing
through the inner chamber of the upper joint. When the drilling fluid has a

displacement equal to a first predetermined value, the automatic balance assembly

-9
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enables a friction torque generated between the upper joint and the core cylinder equal
to a reactive torque generated on the housing of the screw drilling tool, for performing
directional drilling. When the displacement of the drilling fluid is higher than the first
predetermined value, the automatic balance assembly enables the friction torque
5 generated between the upper joint and the core cylinder greater than the reactive
torque generated on the housing of the screw drilling tool, so that the core cylinder
drives the housing of the screw drilling tool in rotation, for performing combined

drilling.

10 In one embodiment, the automatic balancing assembly includes: an annular stator,
arranged on the outer wall of the core cylinder and anti-torsionally connected with the
inner wall of the upper joint; a corresponding cylindrical rotor arranged below the
stator, the rotor being arranged on the outer wall of the core cylinder and connected
therewith through teeth; and an annular piston arranged on the outer wall of the core

15  cylinder. The piston is located above the stator to receive a pressure of the drilling
fluid, and transmit a thrust force to drive the stator and rotor to approach toward each
other axially between the piston and the lower joint, thereby generating the friction

torque.

20 In one embodiment, an annulus between the upper joint and a part of the core
cylinder located upstream of the piston forms a hydraulic channel in communication
with the inner chamber of the upper joint, and another annulus between the upper joint
and a part of the core cylinder located downstream of the piston forms a second space
in communication with outer environment. A radial inner side and a radial outer side

25  of the piston are in movable sealing contact with the core cylinder and the upper joint,
respectively, so that the piston receives a pressure of the drilling fluid in the hydraulic

channel to form a pressure difference between the upper and lower ends of the piston.

In one embodiment, a first convex ring is provided on the outer wall of the core

_3-
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cylinder, and a first elastic member is arranged between the first convex ring and the
piston. One end of the first elastic member is fixed to an upper end face of the piston,
while the other end thereof is fixed to a lower end face of the first convex ring, so that
when the piston is pressed to move downward in the axial direction, the first elastic
5 member generates a pulling force to partially offset the thrust force of the drilling

fluid acting on the piston.

In one embodiment, the piston is provided with a nozzle capable of
communicating the hydraulic channel with the second space.
10
In one embodiment, a locking cylinder that is locked with the core cylinder in a
circumferential direction thereof is arranged on the outer wall at the upper end of the
core cylinder, and extends upward in the axial direction to form an anti-torsional
connection with the inner wall of the upper joint. The locking cylinder is configured
15  to move axially when the displacement of the drilling fluid is greater than a second
predetermined value, so as to release the anti-torsional connection between the

locking cylinder and the upper joint.

In one embodiment, an orifice in communication with the inner chamber of the

20  core cylinder is formed in an inner chamber of the locking cylinder, and has a flow
area at an upper end of the orifice larger than that at a lower end thereof. The locking
cylinder is provided in its wall with a communication hole, for communicating the

inner chamber of the locking cylinder and the hydraulic channel.
25 In one embodiment, the outer wall of the core cylinder is provided with a second
convex ring, and a second elastic member is provided between the second convex ring

and the locking cylinder.

In one embodiment, an adjusting cylinder is provided on the outer wall of the

-4 -
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core cylinder, and located between the core cylinder and the piston. The adjusting

cylinder and the piston are connected with each other in a movable sealing manner.

In one embodiment, an outer wall at a lower end of the piston has a notch, so that
5 aradial size of an upper portion of the piston is greater than that of a lower portion

thereof.

In one embodiment, the stator and the rotor have a same axial dimension in a

range of 10 to 30 mm.

10
In one embodiment, the rotor is connected with the outer wall of the core
cylinder with teeth, which each have an involute profile and a height not greater than
3 mm.
15 In one embodiment, between the outer wall of the core cylinder and the inner

wall of the upper joint, a bearing is provided above the automatic balancing assembly,
the bearing including an outer ring received by a groove formed in the inner wall of
the upper joint. The outer wall of the core cylinder is further provided with a third
convex ring, which defines an inner ring of the bearing together with a fixing nut,
20  which is arranged above the third convex ring and on the outer wall of the core

cylinder.

In one embodiment, the upper joint is configured as a combined structure

including an upper joint body and an outer cylinder. An upper end of the outer

25 cylinder extends into an inner chamber of the upper joint body, and form the groove
between an upper end face of the outer cylinder and a step surface of the upper joint

body.

In one embodiment, an anti-dropping ring is provided at the lower end of the

_5.
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upper joint, and has an upper end inserted into the inner chamber of the upper joint to

form a supporting surface at an upper end face of the anti-dropping ring.

In one embodiment, a wear-resistant layer is provided on an inner wall of the
5 anti-dropping ring and located between the anti-dropping ring and the lower joint,
wherein a drainage groove extending in the axial direction is provided in the

wear-resistant layer.

According to a second aspect of the present invention, a drilling string including

10  the reactive torque automatic balancing device as mentioned above and a screw
drilling tool is proposed, wherein the reactive torque automatic balancing device is
arranged so that a bottom thereof is 40-60m away from a top of the screw drilling

tool.

15 According to a third aspect of the present invention, a drilling method with the
drilling string as mentioned above, including steps of: pumping, in a case of
directional drilling, drilling fluid with a displacement equal to a first predetermined
value into the drilling string, whereby a hydraulic pressure generated by a part of the
drilling fluid is exerted on the piston of the reactive torque automatic balancing device,

20  so that a friction torque generated between the upper joint and the core cylinder is
equal to a reactive torque generated on the housing of the screw drilling tool; and
pumping, in a case of combined drilling, drilling fluid with a displacement greater
than the first predetermined value into the drilling string, whereby the hydraulic
pressure generated by a part of the drilling fluid is exerted on the piston of the reactive

25 torque automatic balancing device, so that the friction torque generated between the
upper joint and the core cylinder is greater than the reactive torque generated on the

housing of the screw drilling tool.

Compared with the prior arts, the present invention has the following advantages.

_6-
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The reactive torque automatic balancing device is based on the screw drilling tool,

and is arranged at a certain distance above the screw drilling tool. When the screw
drilling tool is used for sliding directional drilling, the friction torque can
automatically balance the reactive torque of the screw drilling tool through the

5 reactive torque automatic balancing device, so as to keep the tool face of the screw
drilling tool stable. At the same time, the section of the drill string above the reactive
torque automatic balancing device is driven by the rotary table to be in a rotating state,

so that the axial friction is greatly reduced while the ROP is significantly increased.
Therefore, with the reactive torque automatic balancing device, the tool face of the

10  screw drilling tool can be kept stable while the ROP is greatly increased. When the
wellbore trajectory can meet the requirements of design and thus a combined drilling
mode is achieved, the friction torque generated by the automatic balancing assembly

can be adjusted so that the upper joint can rotate together with the core cylinder and

the lower joint, thereby driving the housing of the screw drilling tool to rotate, so that

15  the ROP can be increased. In addition, the reactive torque automatic balancing device
has a simple structure, and the cost associated with drilling and maintenance is

relatively low.

Brief Description of the Drawings

20
In the following preferred embodiments of the present invention will be

described in detail with reference to the following drawings, in which:

Fig. 1 shows a reactive torque automatic balancing device for screw drilling tool

25 according to an embodiment of the present invention;

Fig. 2 is a sectional view along line A-A of Fig. 1;

Fig. 3 is a sectional view along line B-B of Fig. 1;

_7-
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Fig. 4 is a sectional view along line C-C of Fig. 1;

Fig. 5 is a sectional view along line D-D of Fig. 1;

Fig. 6 is a sectional view along line E-E of Fig. 1; and

Fig. 7 shows a drilling string according to an embodiment of the present

invention.

In the drawings, the same components are indicated with the same reference

signs, respectively. The drawings are not drawn to actual scale.

Detailed Description of Embodiments

The present invention will be described in detail below with reference to the

drawings.

Fig. 1 shows a reactive torque automatic balancing device 303 for a screw
drilling tool 305 according to an embodiment of the present invention. As shown in
Fig. 1, the reactive torque automatic balancing device 303 includes an upper joint 1, a
lower joint 16, a core cylinder 9, and an automatic balancing assembly. Among others,
the upper joint 1 has a cylindrical shape, and is used to connect with an upper drilling
rod 302 of a drilling string, as shown in Fig. 7. The core cylinder 9 per se also has a
cylindrical shape, and is arranged in an inner chamber of the upper joint 1. The core
cylinder 9 has an inner chamber in communication with the inner chamber of the
upper joint 1. In operation, the inner chamber of the core cylinder 9 is in
communication with the screw drilling tool 305 arranged downstream, so that drilling

fluid, after being pumped from the inner chamber of the upper joint 1, will flow to the

_8-
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screw drilling tool 305 through the inner chamber of the core cylinder 9, thus allowing
the screw drilling toll 305 to perform drilling. The lower joint 16 also has a cylindrical
shape, and is fixedly arranged at a lower end of the core cylinder 9. A lower end of the
lower joint 16 protrudes from the inner chamber of the upper joint 1, for fixedly
connecting with the screw drilling tool 305 through a lower drill rod 304. The
automatic balancing assembly is arranged between an outer wall of the core cylinder 9
and an inner wall of the upper joint 1. During the drilling process, a reactive torque
will be generated on a housing of the screw drilling tool 305 when the screw drilling
tool 305 is drilling forward. A friction torque can be generated by the automatic
balancing assembly to counter the reactive torque, when the upper joint 1 rotates, or is
inclined to rotate, relative to the core cylinder 9. For example, if the wellbore
trajectory meets the design requirements, the friction torque exerted on the core
cylinder 9 will be higher than the reactive torque. In this case, the core cylinder 9
drives the lower joint 16 in rotation together with the upper joint 1, thereby driving
the housing of the screw drilling tool 305 to rotate and thus increasing the ROP of the
drilling string. If the wellbore trajectory deviates from the design and a directional
drilling is required, the automatic balancing assembly can generate a friction torque
exerted on the core cylinder 9 equal to the reactive torque, so that the upper joint 1
will rotate relative to the lower joint 16. In this case, the tool face of the screw drilling
tool 305 can keep stable, and at the same time, a section of the drill string arranged
above the reactive torque automatic balancing device 303 is driven by a rotary table to
be in a rotatable state, thus greatly reducing the axial friction and significantly

increasing the ROP.

In one embodiment, the automatic balancing assembly comprises at least one
stator 12, at least one rotor 13, and a piston 21. Among others, the stator 12 is
arranged on the outer wall of the core cylinder 9, and has an annular shape. At the
same time, the stator 12 is anti-torsionally connected with the inner wall of the upper

joint 1, as shown in Fig. 5, so that the upper joint 1, when rotating, can drive the stator

_9.
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12 in rotation together. For example, the stator 12 and the upper joint 1 may be
anti-torsionally connected with each other in a manner of key-groove engagement.
The rotor 13 is arranged on the outer wall of the core cylinder 9, and has an annular
shape. At the same time, the rotor 13 is connected with the outer wall of the core
cylinder 9 through teeth, as shown in Fig. 4, so that the rotor 13 can rotate together
with the core cylinder 9. The rotor 13 is positioned in a manner of corresponding to
the stator 12, so that the rotor 13 is located downstream of the stator 12. The piston 21
is arranged on the outer wall of the core cylinder 9, and has an annular shape. At the
same time, the piston 21 is configured to receive a pressure generated in an annulus 3
between the upper joint 1 and the core cylinder 9, and transmit the pressure to the
stator 12 and the rotor 13, so that they are in contact with each other between the
piston 21 and the lower joint 16. In this manner, the friction torque is generated

between the stator 12 and the rotor 13.

In the present invention, the piston 21 is driven by hydraulic pressure.
Specifically, an annulus between the upper joint 1 and a part of the core cylinder 9
upstream of the piston 21 forms a hydraulic channel 6, which can be in
communication with the inner chamber of the upper joint 1 for receiving the drilling
fluid from the inner chamber of the upper joint 1. An annulus between the upper joint
1 and a part of the core cylinder 9 downstream of the piston 21 forms a second space
22, which can be in communication with outer environment. At the same time, a
radially inner side and a radially outer side of the piston 21 are in movably sealing
contact with the core cylinder 9 and the upper joint 1, respectively. During normal
drilling, the screw drilling tool 305 and the drill bit will generate pressure loss,
resulting in a pressure difference generated between the hydraulic channel 6, which is
formed between the core cylinder 9 and the upper joint 1, and the second space 22. An
upper end face of the piston 21 is in contact with the hydraulic channel 6 (i.e., a high
pressure area), while a lower end face thereof is in contact with the second space 22

(i.e., a low pressure area). As a result, the piston 21 will be applied with an action of

-10 -
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the hydraulic pressure, causing the stator 12 and the rotor 13 approach to each other in

an axial direction, and snugly fit with each other.

In operation, the friction torque exerted on the core cylinder 9 is calculated by:
5 T, =(APS - f) nur (1)

wherein: Ty is the friction torque; AP is a pressure difference between inner side and
outer side, and specifically includes a starting pressure loss 4Py, which is dependent
on the drilling fluid displacement, and a working pressure loss of the screw AP,; n is
the quantity of contact surfaces between the stator 12 and the rotor 13; S is an area of
10  the annular upper end face of the piston 21; f is a spring tension; y is a friction
coefficient between the stator 12 and the rotor 13; and r is a friction radius of the

stator 12 and the rotor 13.

The reactive torque exerted on the core cylinder 9 (i.e., the reactive torque

156 exerted on the housing of the screw drilling tool 305) is calculated by:
T,=APk )

wherein 7}, is the reactive torque of the screw drilling tool 305; 4P, is the working
pressure loss of the screw; and & is the characteristic parameter of the screw drilling
tool 305.
20

According to the above expressions, the starting pressure loss APy is firstly
calculated and determined based on a first predetermined value of the drilling fluid
displacement. The spring is configured to provide a tension, which is calculated as
follows, when the piston moves downward under the pressure of the drilling fluid

25  until it contacts the uppermost stator:

f=APS 3)

After the spring is determined, the first predetermined value of the drilling fluid

S11-
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displacement is determined also. With the tension of the spring, the force of the piston
21 for pressing the stator 12 and the rotor 13 will be related to the working pressure

loss of the screw drilling tool 305 only.

Secondly, after determining the sizes of the stator and the rotor and the friction
coefficient therebetween, the quantity of the stators 12 and the rotors 13 is calculated,
so that the friction torque 7y and the screw reactive torque 7, are equal to each other
when the drilling fluid displacement is the first predetermined value. As the WOB and
the earth formation change, the reactive torque of the screw drilling tool 305 will
change accordingly, but at the same time, the working pressure loss of the screw also
changes. In this case, the friction torque generated is always the same as the reactive
torque exerted on the housing of the screw drill 305, so that it can be finally achieved
that the friction torque could automatically balance the reactive torque of the screw
drilling tool 305. In other words, as long as the structure of the reactive torque
automatic balancing device is determined, the friction torque generated by the
automatic balancing assembly will be always the same as the reactive torque exerted
on the housing of the screw drilling tool 305 during the drilling process, which will
not be affected by the formation or the drilling state, if the drilling fluid displacement

is adjusted as the first predetermined value.

Based on the above principle, when the drilling fluid displacement is equal to the
first predetermined value, the tool face of the screw drilling tool 305 is always kept
stable. At the same time, the section of the drill string arranged above the reactive
torque automatic balancing device 303 of the screw drilling tool is driven by the
rotary table to be in a rotatable state. When the drilling fluid displacement is higher
than the first predetermined value, the piston 21 is exerted by a greater force to press
the stator 12 and the rotor 13 tightly together. At this time, the friction torque exerted
on the core cylinder 9 is higher than the reactive torque of the lower joint 16 applying

thereon, so that the upper joint 1 can drive the stator 12 to rotate. Because an axial

S12-
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pressure between the stator 12 and the rotor 13 is very large, the rotor 13 will rotate
together with the stator 12, so as to drive the core cylinder 9 to rotate. In this manner,
the lower joint 16 and the stator of the screw drilling tool 305 are in a rotatable state.
In this combined drilling mode, the ROP is high, the stator 12 and the rotor 13 do not
rotate with each other, and the screw drilling tool 305 is not able to control the
wellbore trajectory. According to the working characteristics of the screw drilling tool
305, the working pressure loss generated by the screw drilling tool 305 is greater as
the torque output by the screw drilling tool 305 increases, presenting a proportional
relationship therebetween, thus providing a greater pushing force of the piston 21. As
the upper joint 1 rotates, the friction torque between the upper joint 1 and the core
cylinder 9 is greater, and the direction of the friction torque is clockwise. As long as
the magnitude of the friction torque is the same as the reactive torque, the stator of the
screw drilling tool 305 is in a torque balance state and thus maintains a non-rotatable
state, thereby achieving the directional drilling. That is, based on the above
configuration, the operation process of the drilling string can be adjusted by adjusting
the drilling fluid displacement, so as to better meet the requirement on the design for

the wellbore trajectory.

For example, a plurality of stators 12 and a plurality of corresponding rotors 13
are provided on the outer wall of the core cylinder 9. The lowermost rotor 13 is
located to abut the upper end face of the lower joint 16, while the upper end face of

the uppermost stator 12 is located to abut the piston 21.

Preferably, the teeth forming the engagement between the rotor 13 and the outer
wall of the core cylinder 9 each have a height not greater than 3 mm. For example, the
rotor 13 is connected with the core cylinder 9 with shallow teeth that are arranged
densely and have involute profiles. This arrangement can not only transmit larger

torque, but also reduce the influence on the strength of the core cylinder 9.

-13-
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A step seal 11 is provided between the outer wall of the piston 21 and the inner
wall of the upper joint 1, and also between the inner wall of the piston 21 and the
outer wall of the core cylinder 9. This arrangement can ensure the sealing effect
between the piston 21 and the upper joint 1, and between the piston 21 and the core
cylinder 9, thus preventing liquid in the annulus 3 between the upper joint 1 and the

core cylinder 9 from leaking to a position below the piston 21.

Preferably, the stator 12 and the rotor 13 are made of cemented carbide. By
means of which, wear resistance of the stator 12 and the rotor 13 can be improved,
thereby increasing the service life of the reactive torque automatic balancing device
303. Further preferably, the stator 12 and the rotor 13 have the same axial dimension,
which is in a range of 10 to 30 mm, and for example, 20 mm, in order to ensure the

strength of the stator 12 and the rotor 13.

A nozzle 10 is provided on the piston 21 to communicate the hydraulic channel 6
with the second space 22, as shown in Fig. 3. A small amount of the drilling fluid can
flow from the hydraulic channel 6 into the second space 22 through the nozzie 10, for

cooling the automatic balancing assembly and thus prolonging the service life thereof.

For example, the outer wall at the lower end of the piston 21 has a notch 211, so
that a radial size of an upper portion of the piston 21 is greater than that of a lower
portion thereof. With this arrangement, the contact area between the piston 21 and the
core cylinder 9 is larger than that between the piston 21 and the upper joint 1, so that
the piston 21 will be more likely inclined to rotate with the core cylinder 9 instead of
with the upper joint 1. In this way, the amount of relative rotation is small, so that the
wearing amount of the piston 21 is relatively reduced. In addition, this arrangement
can also ensure easy processing, and facilitate operations such as installing the nozzle

10 or the like.

14 -
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A first convex ring 91 is provided on the outer wall of the core cylinder 9, and a
first elastic member 7 is arranged between the first convex ring 91 and the piston 21.
For example, the first elastic member 7 may be a tension spring. One end of the first
elastic member 7 is fixed to the upper end face of the piston 21, and the other end
thereof is fixed to the lower end face of the first convex ring 91. During operation, the
piston 21 is also affected by the starting pressure loss and the working pressure loss of
the screw drilling tool 305. However, the pulling force generated by the first elastic
member can offset the thrust applied by the starting pressure loss on the piston 21.
Accordingly, with the pulling force generated by the first elastic member 7, the force
of the piston 21 to press the stator 12 and the rotor 13 will be related to the working

pressure loss of the screw drilling tool 305 only.

A locking cylinder 2, which is locked with the core cylinder 9 along a
circumferential direction, is provided on the outer wall at the upper end of the core
cylinder 9. For example, as shown in Fig. 2, the locking cylinder 2 and the core
cylinder 9 are connected with each other through a key 20, so that the locking cylinder
2 can move axially relative to the core cylinder 9 but cannot rotate relative thereto
along the circumferential direction. The locking cylinder 2 extends upward along the
axial direction, thus forming an anti-torsional connection with the inner wall of the
upper joint 1, such as four concave-convex engagements evenly distributed along the
circumferential direction. An orifice 201 in communication with the inner chamber of
the core cylinder 9 is formed in an inner chamber of the locking cylinder 2, and has a
flow area at an upper end of the orifice larger than that at a lower end thereof. The
wall of the locking cylinder 2 is provided with a communication hole 17, for
communicating the inner chamber of the locking cylinder 2 and the hydraulic channel
6. The drilling fluid from the upper joint 1 flows downstream through the orifice 201,
so that a part of the drilling fluid enters the inner chamber of the core cylinder 9 while
the other part thereof enters the hydraulic channel 6 through the communication hole

17. In addition, a second convex ring 92 is provided on the outer wall of the core
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cylinder 9, and a second elastic member 3, such as a spring, is arranged between the
second convex ring 92 and the locking cylinder 2, for pushing the locking cylinder 2
to connect with the upper joint 1 anti-torsionally. The parameters of the spring can be
selected so that when the drilling fluid displacement is greater than a second
predetermined value and thus a thrust force generated by the orifice 201 is greater
than a counter force generated by the second elastic member 3, the locking cylinder 2
will move downward and disengages from the upper joint 1. Accordingly, the upper
joint 1 and the core cylinder 9 are out of engagement, so that said two members can
rotate relative to each other freely. The main function of the locking cylinder 2 is as
follows. When the drilling fluid displacement is lower than the second predetermined
value, the locking cylinder 2 can lock the upper joint 1 with the core cylinder 9 along
the circumferential direction, so that the upper joint 1 and the core cylinder 9 share the
same state of rotation. When the drilling fluid displacement is higher than the second
predetermined value, the upper joint 1 and the core cylinder 9 are out of engagement.
Therefore, by means of the locking cylinder 2, it is possible for the upper drilling rod
to drive the section of the screw drilling tool 305 below the reactive torque automatic
balancing device 303 and the drill bit into rotation when complicated conditions occur
in well so that a normal displacement cannot be achieved, or even the pump cannot be
started up, thus facilitating treatment of complicated accidents in well. The second
predetermined value is much smaller than the first predetermined value. In addition,
the second predetermined value of the drilling fluid displacement during drilling in
different wellbores can be different for each other. For example, for three of most
commonly used wellbores of 311 mm, 215.9 mm and 152 mm, the second
predetermined value of the drilling fluid displacement can be 30L/s, 20L/s and 15L/s,

respectively.

An adjusting cylinder 8 is provided on the outer wall of the core cylinder 9, and
located between the core cylinder 9 and the piston 21. It can be understood that the

adjusting cylinder 8, when provided, and the piston 21 are connected with each other

- 16 -
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in a movable sealing manner. When the sizes of the piston 21 and the core cylinder 9
are determined, the adjusting cylinder 8 can be used to compensate the gap between
the piston 21 and the core cylinder 9. For example, an upper end of the adjusting

cylinder 8 can be fixedly arranged on the core cylinder 9 through welding spots 18.

In one embodiment, an anti-dropping ring 15 is fixed at the lower end of the
upper joint 1. An upper end of the anti-dropping ring 15 is inserted into the inner
chamber of the upper joint 1, so as to form a supporting surface at the upper end face
of the anti-dropping ring 15. In the event of an accident such as broken bearing, the
stator 12 and the rotor 13 will fall down and then be received by the anti-drop ring 15,

so that they cannot fall into the wellbore.

As shown in Fig. 6, a wear-resistant layer 23 is provided on an inner wall of the
anti-dropping ring 15, and a wear-resistant layer 14 is further provided on the outer
wall of the lower joint 16. In this manner, wear resistance between the anti-dropping
ring 15 and the lower joint 16 are improved, thus increasing the service life thereof. In
addition, at least one drainage groove 231 extending in the axial direction is provided
in the wear-resistant layer 23. For example, four drainage grooves 231 are evenly
distributed along the circumferential direction, so as to broaden fluid passage for

communicating the second space 22 with outer environment.

In one embodiment, between the outer wall of the core cylinder 9 and the inner
wall of the upper joint 1, a bearing 5 is provided above the automatic balancing
assembly. The bearing 5 includes an outer ring defined by the inner wall of the upper
joint 1, and an inner ring defined by the outer wall of the core cylinder 9. For example,
the upper joint 1 may be configured as a combined structure, that is, it includes an
upper joint body 101 and an outer cylinder 19. The outer ring of the bearing 5 is
inserted between a step surface 102 formed on the inner wall of the upper joint body

101 and an upper end face of the outer cylinder 19. Moreover, a lower end face of the
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inner ring of the bearing 5 abuts against a third convex ring 93 arranged on the outer
wall of the core cylinder 9, while an upper end face thereof is in contact with a fixing
nut 4 arranged on the outer wall of the core cylinder 9. By means of the bearing 5, the
outer cylinder 19 and the core cylinder 9 can be rotatable relative to each other freely.
At the same time, the bearing 5 can be a thrust bearing for being loaded with axial
forces, such as drilling pressure. For example, according to actual needs, multiple
bearings 5 can be provided. When the drilling string is used in hard formations and
thus a larger WOB is required, the number of bearings 5 can be increased. It should be
noted that in order to simplify the structure, the third convex ring 93 and the first
convex ring 91 may be formed into one piece, for example, and in this case the fixing
nut 4 may function as the second convex ring 92. The third convex ring 93 may have

a length of about 20 mm, for ensuring sufficient strength for fixing the bearing 5.

The upper joint 1 may have an upper end designed as a female joint, and another
end as a male joint for threaded connection with the outer cylinder 19. The outer
diameter of the upper joint 1 is determined according to the size of the wellbore, and
normally is about 40 mm smaller than the size of the wellbore, so as to form a flow

path for flowback of cuttings.

The upper part of the lower joint 16 is inserted into the inner chamber of the
upper joint 1, and is connected to the core cylinder 9 through threaded connection.
The upper end face of the lower joint 16 protrudes radially outward with respect to the
outer wall of the core cylinder 9, for contacting and receiving the rotor 13 of the
automatic balancing assembly. A flow area of a lower part of the inner chamber of the
lower joint 16 is larger than that of an upper part thereof, so as to ensure that the flow

friction of the drilling fluid is reduced under a certain strength.

The present application further proposes a drilling string and a method. As shown

in Fig. 7, the drilling string includes the reactive torque automatic balancing device
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303 according to the present application and the screw drilling tool 305. During use,

the upper joint 1 of the reactive torque automatic balancing device 303 is connected to

a wellhead rotary table 301 and a drilling pump through the upper drilling rod 302,

and the lower joint 16 is connected to the housing of the screw drilling tool 305

5  through a lower drill rod 304. In addition, during the connection, it is necessary to
ensure that the reactive torque automatic balancing device 303 is arranged at a
distance of 40-60m from the screw drilling tool 305. For example, the bottom surface

of the reactive torque automatic balancing device 303 is 50m from the top surface of

the screw drilling tool 305. When the screw drilling tool 305 is used for sliding

10  directional drilling, the wellhead rotary table 301 of the drilling string is activated, and
the drilling fluid displacement is adjusted as the first predetermined value. At this time,

the friction torque can just balance the reactive torque of the screw drilling tool 305.
Regardless of various factors, such as formations, WOB or the like, that will cause the
reactive torque of the screw drilling tool 305 to be changed, a corresponding changing

15 torque can be generated to automatically balance said reactive torque according to the
present invention, so that the tool face of the screw drilling tool 305 is always kept
stable. The section of the drilling string above the reactive torque automatic balance
device 303 for the screw drilling tool is driven by the wellhead rotary table 301 to be

in a rotating state, so that the axial friction is greatly reduced and the ROP is

20  significantly increased. Therefore, the reactive torque automatic balance device 303
for the screw drilling tool can maintain the tool face of the screw drilling tool 305
stable, while at the same time significantly increase the ROP. When the screw drilling

tool 305 is used for combined drilling, the drilling fluid is pumped into the drilling
string with a displacement higher than the first predetermined value. In this case, a

25 part of the drilling fluid will act on the piston 21 of the reactive torque automatic
balancing device 303, so that the friction torque generated between the upper joint 1

and the core cylinder 9 is greater than the reactive torque generated on the housing of

the screw drilling tool 305. At this time, the upper joint 1 will drive the core cylinder 9

to rotate together, and then drive the housing of the screw drilling tool 305 to rotate
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together, thereby increasing the ROP.

The foregoing merely discloses preferred embodiments of the present invention,

but the protection scope of the present invention is not limited thereto. Changes or

5 modifications within the technical scope disclosed by the present invention are
obvious to one skilled in the art, and should fall within the scope of protection of the
present invention. Therefore, the scope of protection of the present invention should

be determined by the scope of protection of the claims.
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Claims

1. A reactive torque automatic balancing device for a screw drilling tool,
comprising:

a cylindrical upper joint;

a core cylinder arranged in an inner chamber of the upper joint, the core cylinder
having an inner chamber in communication with the screw drilling tool located
downstream, so that drilling fluid from the inner chamber of the upper joint flows to
the screw drilling tool through the inner chamber of the core cylinder to allow the
screw drilling tool to perform drilling;

a cylindrical lower joint fixedly arranged at a lower end of the core cylinder, a
part of the lower joint extending out of the inner chamber of the upper joint to be
fixedly connected to a housing of the screw drilling tool through a lower drill rod; and

an automatic balancing assembly, which is arranged between an outer wall of the
core cylinder and an inner wall of the upper joint, and driven by hydraulic pressure
generated by a part of the drilling fluid flowing through the inner chamber of the
upper joint,

wherein, when the drilling fluid has a displacement equal to a first predetermined
value, the automatic balance assembly enables a friction torque generated between the
upper joint and the core cylinder equal to a reactive torque generated on the housing
of the screw drilling tool, for performing directional drilling,

when the displacement of the drilling fluid is higher than the first predetermined
value, the automatic balance assembly enables the friction torque generated between
the upper joint and the core cylinder greater than the reactive torque generated on the
housing of the screw drilling tool, so that the core cylinder drives the housing of the

screw drilling tool in rotation, for performing combined drilling.

2. The reactive torque automatic balancing device according to claim 1,

characterized in that the automatic balancing assembly includes:
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an annular stator, arranged on the outer wall of the core cylinder and
anti-torsionally connected with the inner wall of the upper joint;
a corresponding cylindrical rotor arranged below the stator, the rotor being
arranged on the outer wall of the core cylinder and connected therewith through teeth;
5 and
an annular piston arranged on the outer wall of the core cylinder, wherein the
piston is located above the stator to receive a pressure of the drilling fluid, and
transmit a thrust force to drive the stator and rotor to approach toward each other
axially between the piston and the lower joint, thereby generating the friction torque.
10
3. The reactive torque automatic balancing device according to claim 2,
characterized in that an annulus between the upper joint and a part of the core cylinder
located upstream of the piston forms a hydraulic channel in communication with the
inner chamber of the upper joint, and another annulus between the upper joint and a
15  part of the core cylinder located downstream of the piston forms a second space in
communication with outer environment,
wherein a radial inner side and a radial outer side of the piston are in movable
sealing contact with the core cylinder and the upper joint, respectively, so that the
piston receives a pressure of the drilling fluid in the hydraulic channel to form a

20  pressure difference between the upper and lower ends of the piston.

4. The reactive torque automatic balancing device according to claim 3,
characterized in that a first convex ring is provided on the outer wall of the core
cylinder, and a first elastic member is arranged between the first convex ring and the

25  piston,

wherein one end of the first elastic member is fixed to an upper end face of the
piston, while the other end thereof is fixed to a lower end face of the first convex ring,
so that when the piston is pressed to move downward in the axial direction, the first

elastic member generates a pulling force to partially offset the thrust force of the

22
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drilling fluid acting on the piston.

5. The reactive torque automatic balancing device according to claim 3 or 4,
characterized in that the piston is provided with a nozzle capable of communicating

5  the hydraulic channel with the second space.

6. The reactive torque automatic balancing device according to any one of claims

3 to 5, characterized in that a locking cylinder that is locked with the core cylinder in

a circumferential direction thereof is arranged on the outer wall at the upper end of the

10  core cylinder, and extends upward in the axial direction to form an anti-torsional
connection with the inner wall of the upper joint,

wherein the locking cylinder is configured to move axially when the

displacement of the drilling fluid is greater than a second predetermined value, so as

to release the anti-torsional connection between the locking cylinder and the upper

15 joint.

7. The reactive torque automatic balancing device according to claim 6,
characterized in that an orifice in communication with the inner chamber of the core
cylinder is formed in an inner chamber of the locking cylinder, and has a flow area at

20  an upper end of the orifice larger than that at a lower end thereof, and
the locking cylinder is provided in its wall with a communication hole, for

communicating the inner chamber of the locking cylinder and the hydraulic channel.

8. The reactive torque automatic balancing device according to claim 6 or 7,
25  characterized in that the outer wall of the core cylinder is provided with a second
convex ring, and a second elastic member is provided between the second convex ring

and the locking cylinder.

9. The reactive torque automatic balancing device according to any one of claims
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2 to 8, characterized in that an adjusting cylinder is provided on the outer wall of the
core cylinder, and located between the core cylinder and the piston,
wherein the adjusting cylinder and the piston are connected with each other in a

movable sealing manner.

10. The reactive torque automatic balancing device according to any one of
claims 2 to 9, characterized in that an outer wall at a lower end of the piston has a
notch, so that a radial size of an upper portion of the piston is greater than that of a
lower portion thereof.
10
11. The reactive torque automatic balancing device according to any one of
claims 2 to 10, characterized in that the stator and the rotor have a same axial

dimension in a range of 10 to 30 mm.

15 12. The reactive torque automatic balancing device according to any one of
claims 2 to 11, characterized in that the rotor is connected with the outer wall of the
core cylinder with teeth, which each have an involute profile and a height not greater

than 3 mm.

20 13. The reactive torque automatic balancing device according to any one of
claims 1 to 12, characterized in that between the outer wall of the core cylinder and
the inner wall of the upper joint, a bearing is provided above the automatic balancing
assembly, the bearing including an outer ring received by a groove formed in the inner
wall of the upper joint, and

25 the outer wall of the core cylinder is further provided with a third convex ring,
which defines an inner ring of the bearing together with a fixing nut, which is

arranged above the third convex ring and on the outer wall of the core cylinder.

14. The reactive torque automatic balancing device according to claim 13,

24 -

Date recue/date received 2021-10-28



CA 03138376 2021-10-28

characterized in that the upper joint is configured as a combined structure including an
upper joint body and an outer cylinder,

wherein an upper end of the outer cylinder extends into an inner chamber of the
upper joint body, and form the groove between an upper end face of the outer cylinder

5 and a step surface of the upper joint body.

15. The reactive torque automatic balancing device according to any one of
claims 1 to 14, characterized in that an anti-dropping ring is provided at the lower end
of the upper joint, and has an upper end inserted into the inner chamber of the upper

10  joint to form a supporting surface at an upper end face of the anti-dropping ring.

16. The reactive torque automatic balancing device according to claim 15,
characterized in that a wear-resistant layer is provided on an inner wall of the
anti-dropping ring and located between the anti-dropping ring and the lower joint,

15  wherein a drainage groove extending in the axial direction is provided in the

wear-resistant layer.

17. A drilling string, including the reactive torque automatic balancing device
according to any one of claims 1 to 16 and a screw drilling tool, wherein the reactive
20  torque automatic balancing device is arranged so that a bottom thereof is 40-60m

away from a top of the screw drilling tool.

18. A drilling method with the drilling string according to claim 17, including
steps of:

25 pumping, in a case of directional drilling, drilling fluid with a displacement equal
to a first predetermined value into the drilling string, whereby a hydraulic pressure
generated by a part of the drilling fluid is exerted on the piston of the reactive torque
automatic balancing device, so that a friction torque generated between the upper joint

and the core cylinder is equal to a reactive torque generated on the housing of the
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screw drilling tool, and
pumping, in a case of combined drilling, drilling fluid with a displacement
greater than the first predetermined value into the drilling string, whereby the
hydraulic pressure generated by a part of the drilling fluid is exerted on the piston of
5 the reactive torque automatic balancing device, so that the friction torque generated
between the upper joint and the core cylinder is greater than the reactive torque

generated on the housing of the screw drilling tool.

10
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