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electronic control module is configured to transmit the
ground control command to the hydraulic driving module,
so that the motor drives the bidirectional hydraulic pump
to generate high-pressure oil and low-pressure oil in the
first liquid cavity and the second liquid cavity alternately,
thus driving the piston to perform axial movement reci-
procally, and the mechanical transmission module is
configured to convert the axial movement of the piston
into a rotational movement, in order to drive the downhole
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Description

Cross Reference of Related Applications

[0001] The present application claims the priority of
Chinese patent application No. 202210783518.1 entitled
"Mechanics-Electronics-Hydraulics Integrated Direc-
tional Tool for Coiled Tubing Drilling" and filed on July
5, 2022, the entire content of which is incorporated herein
by reference.

Technical Field

[0002] The present invention relates to the technical
field of drilling tools for oil-gas well, and specifically to a
mechanics-electronics-hydraulics integrated directional

tool for coiled tubing drilling.

Technical Background

[0003] During coiled tubing drilling, the coiled tubing
and the bottom hole assembly are non-rotatable due to
restriction by coiled tubing running device at the well-
head. Therefore, the bottom hole assembly must be
equipped with a specialized directional tool to achieve
directional drilling for the coiled tubing. Such a directional
tool, which is the core tool in the coiled tubing drilling,
determines the technical level of trajectory control during
coiled tubing drilling.

[0004] Currently, existing directional tools for coiled
tubing drilling at home and abroad can be divided into
two types based on driving mode, namely drilling fluid-
driven or independent hydraulic-driven directional tools.
However, the existing directional tools for adjusting tool
face with mechanical structures driven by drilling fluid still
have the following disadvantages. For example, they are
not applicable for gas or foam drilling, and thus have
limited applications. Moreover, the displacement of mud
pump needs to be increased during directional drilling,
which affects normal drilling parameters.

[0005] The existing directional tools driven by indepen-
dent hydraulic systems can realize rotational motion
through specific mechanical structures, thus achieving
adjustment of the downhole tool face. The independent
hydraulic system of such directional tool includes two
sets of hydraulic assemblies to achieve the piston’s
reciprocating motion, which resultin a complicated struc-
ture of the system and affect the reliability thereof. More-
over, a mechanical rotating part of such directional tool
adopts a long-screw transmission structure, but the
screw angle thereof fails to meet the self-locking condi-
tion, thus leading to slipping after rotation. To ensure
reliable locking after the screw rotation, it is necessary
to provide a specialized locking mechanism or adopt
hydraulic lock technology. Meanwhile, each of the output
rotation angles of the long-screw transmission corre-
sponds to a respective displacement of the reciprocating
motion. The position of the moving nut must be accurately
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positioned to output definite rotation angles. Hence, a
displacement sensor needs to be installed within the
confined mechanical fitting space, and corresponding
software algorithms need to be designed for control
purposes. However, such arrangements will make it dif-
ficult to design the tool and ensure the reliability thereof.
[0006] Furthermore, the downhole hydraulic systems
are prone to hydraulic oil leakage due to their long-term
operation in high-temperature and high-pressure envir-
onment, which will have an adverse impact on the accu-
rate operation of directional tools.

Summary of the Invention

[0007] In view of the above technical problems, the
present invention aims to propose a mechanics-electro-
nics-hydraulics integrated directional tool for coiled tub-
ing drilling, which can adjustthe downhole tool face inreal
time to meet the directional requirements of coiled tubing
drilling. The hydraulic driving module adopts one set of
hydraulic assembly to achieve the reciprocating motion
of the piston, and can be reliably locked after the me-
chanical transmission motion is completed, so that the
slipping that affects the rotation effect can be prevented.
There is no need to arrange an additional self-locking
structure or positioning sensor, thus significantly simpli-
fying the structure of the system and improving the re-
liability thereof.

[0008] Aimed at solving the above technical problems,
the presentinvention proposes a mechanics-electronics-
hydraulics integrated directional tool for coiled tubing
drilling, which comprises: an electronic control module,
for receiving a ground control command; a hydraulic
driving module, which comprises a motor in signal con-
nection with the electronic control module, a bidirectional
hydraulic pump connected to the motor, and a piston unit
comprising a piston housing and a piston arranged within
the piston housing, a first liquid cavity and a second liquid
cavity in communication with the bidirectional hydraulic
pump being formed at both ends of the piston, respec-
tively; and a mechanical transmission module, with both
ends thereof connected to the piston and a downhole
drilling tool, respectively, wherein the electronic control
module is configured to transmit the ground control com-
mand to the hydraulic driving module, so that the motor
drives the bidirectional hydraulic pump to generate high-
pressure oil and low-pressure oil in the first liquid cavity
and the second liquid cavity alternately, thus driving the
piston to perform axial movement reciprocally under
differential pressure, and the mechanical transmission
module is configured to convert the axialmovement of the
piston into a rotational movement, in order to drive the
downhole drilling tool to rotate and thus adjust downhole
tool face.

[0009] Inone embodiment, the electronic control mod-
ule includes a circuit pressure-bearing cylinder, and a
control circuit arranged inside the circuit pressure-bear-
ing cylinder and in signal connection therewith.
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[0010] In one embodiment, the directional tool further
comprises an upper joint, a pressure-bearing shell and a
mechanical transmission shell connected in sequence,
wherein the electronic control module and the hydraulic
driving module are arranged within the pressure-bearing
shell, and the mechanical transmission module is ar-
ranged inside the mechanical transmission shell, an
annular flow passage for circulation of drilling fluid being
formed between the electronic control module, the hy-
draulic driving module and the pressure-bearing shell.
[0011] In one embodiment, the control circuit is in-
stalled inside the circuit pressure-bearing cylinder
through a circuit framework, and configured to receive
the ground control command through a cable connector.
[0012] In one embodiment, the hydraulic driving mod-
ule further includes a motor housing fixedly connected to
an upper end of the piston housing, and the motor and the
bidirectional hydraulic pump are arranged within the
motor housing.

[0013] In one embodiment, the hydraulic driving mod-
ule further includes an oil bladder unit arranged between
the electronic control module and the motor, for storing
compensating hydraulic oil for balancing a difference
between an internal pressure and an external pressure
of the hydraulic driving module.

[0014] In one embodiment, the oil bladder unit is ar-
ranged between the circuit pressure-bearing cylinder
and the motor housing, and comprises an oil bladder
framework and a bladder arranged thereon, wherein an
annular space for storing the compensating hydraulic oil
is formed between the oil bladder framework and the
bladder.

[0015] In one embodiment, a wire connector is in-
stalled inside the oil bladder framework, for connecting
the control circuit to the motor.

[0016] In one embodiment, the upper joint and the
circuit pressure-bearing cylinder are respectively pro-
vided with a first flow hole and a second flow hole ex-
tending through side walls thereof, the second flow hole
corresponding to the oil bladder unit in position, wherein
the drilling fluid from an uphole drilling tool flows to the oil
bladder unit through the first flow hole, the annular flow
passage and the second flow hole in sequence, in order
to balance the difference between the internal and ex-
ternal pressures of the hydraulic driving module.

[0017] In one embodiment, the bidirectional hydraulic
pump comprises a first oil port and a second oil port in
communication with the first liquid cavity and the second
liquid cavity respectively, and the hydraulic driving mod-
ule further comprises a two-way hydraulic valve con-
nected between the bidirectional hydraulic pump and
the piston housing, wherein a first oil path and a second
oil path respectively in communication with the first oil
port and the second oil port are arranged within the two-
way hydraulic valve.

[0018] In one embodiment, a first flow passage and a
second flow passage in communication with the first
liquid cavity and the second liquid cavity respectively
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are provided within a side wall of the piston housing,
wherein the first flow passage is in communication with
the first oil path to form a first hydraulic passage, and the
second flow passage is in communication with the sec-
ond oil path to form a second hydraulic passage,

wherein the bidirectional hydraulic pump is configured to:

when the motor rotates in a forward direction, suck
the low-pressure oil from the second hydraulic pas-
sage, which is compressed to form the high-pressure
oil and then transported to the first liquid cavity
through the first hydraulic passage, so that the piston
extends axially downward, and

when the motor rotates in a reverse direction, suck
the low-pressure oil from the first hydraulic passage,
which is compressed to form the high-pressure oil
and then transported to the second liquid cavity
through the second hydraulic passage, so that the
piston retracts axially upward.

[0019] In one embodiment, a first safety valve and a
second safety valve are respectively provided in the first
oil path and the second oil path of the two-way hydraulic
valve.

[0020] Inone embodiment, a pressure balance hole is
arranged in the side wall of the piston housing, for com-
municating the annular flow passage with an upper area
of the piston, in order to balance the pressure on both
ends of the piston.

[0021] Inone embodiment, a hydraulicjointis fixedtoa
lower end of the piston housing, wherein a lower end of
the piston extends through the hydraulic joint to form a
dynamic seal.

[0022] In one embodiment, an upper centralizer is ar-
ranged on an outer side of the circuit pressure-bearing
cylinder, and a lower centralizer is arranged on an outer
side of the hydraulic joint, for centralizing the electronic
control module and the hydraulic driving module.
[0023] In one embodiment, the mechanical transmis-
sion module comprises a transmission shaft connected
to the piston and a rotating cylinder adaptively connected
to the transmission shaft, and is configured to drive the
rotating cylinder to rotate through an axial movement of
the transmission shaft.

[0024] In one embodiment, the transmission shaft is
fixedly connected to the piston through a drive shaft,
which has a central flow passage, and a third flow hole
passing through a side wall thereof for communicating
the central flow passage with the annular flow passage.
[0025] In one embodiment, a plurality of first key ways
and a plurality of second key ways both evenly distributed
along a circumferential direction are formed on an outer
surface of the transmission shaft, wherein the first key
ways and the second key ways are spaced apartalong an
axial direction and offset from each other at a certain
angle circumferentially, so as to be in communication with
but offset from each other along the circumferential direc-
tion, and
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at least one engaging protrusion is arranged on an inner
surface of the rotating cylinder, and configured to alter-
nately engage with one of the first key ways and one of the
second key ways when the transmission shaft moves
along the axial direction, thus driving the rotating cylinder
to rotate.

[0026] In one embodiment, a first side wall at a lower
end of each first key way is formed as a first guiding
inclined surface, which is opposite to a corresponding
second key way to receive the engaging protrusion from
said second key way,

a first side wall at an upper end of each second key
way is formed as a second guiding inclined surface,
which is opposite to a corresponding first key way to
receive the engaging protrusion from said first key
way, and

a first engaging inclined surface that engages with
the first guiding inclined surface is formed on a
second side opposite to a first side, and at an upper
end of the engaging protrusion, while a second en-
gaging inclined surface that engages with the sec-
ond guiding inclined surface is formed on the second
side and at a lower end of the engaging protrusion.

[0027] In one embodiment, the mechanical transmis-
sion module further comprises:

aratchet cylinder, with an upper end thereof sleeved
on the drive shaft, and a lower end thereof extending
downward to engage with an upper end of the rotat-
ing cylinder, ratchets formed at the lower end of the
ratchet cylinder and the upper end of the rotating
cylinder being configured to engage with each other;
and

a spring, wherein a step with an end surface facing
downward is provided on an inner wall of the me-
chanical transmission shell, and the spring is ar-
ranged between the step and an upper end surface
of the ratchet cylinder, the lower end of the ratchet
cylinder pressing tightly against the upper end of the
rotating cylinder, in order to allow the rotating cylin-
der to rotate in only one direction.

[0028] In one embodiment, an output joint is fixedly
connected to a lower end of the rotating cylinder for
connecting to the downhole drilling tool, a sealing joint
being arranged between the output joint and the mechan-
ical transmission shell, and

the sealing joint is fixed connected to the mechanical
transmission shell, and engages with both the rotating
cylinder and the output joint through a thrust bearing,
wherein a rotary sealing ring is arranged between the
output joint and the sealing joint, in order to ensure a
rotary seal therebetween.

[0029] Compared with the prior arts, the present ap-
plication has the following advantages.

[0030] The mechanics-electronics-hydraulics inte-
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grated directional tool for coiled tubing drilling according
to the present invention comprises a hydraulic driving
module, which can realize bidirectional circulation of two
flow passages through a bidirectional hydraulic pump
and the piston’s reciprocating movement through only
one set of hydraulic assembly. Compared with the tradi-
tional two-set hydraulic assemblies, the structure accord-
ing to the presentinvention is greatly simplified, while the
reliability of the system is also significantly enhanced.
Meanwhile, the mechanical transmission module can be
locked reliably after the operation, thus avoiding slipping
that may influence the rotation effect, and obviating the
need for an additional self-locking structure. Besides,
since there are only two upper and lower dead centers
for the axial movement, there is no need for accurate
positioning, which is convenient to control. The me-
chanics-electronics-hydraulics integrated directional tool
for coiled tubing drilling is characterized by high reliability,
which is able to facilitate on-site construction.

Brief Description of the Drawings

[0031] In the following, the present invention will be
described with reference to the accompanying drawings.

Fig. 1 shows a structure of a mechanics-electronics-
hydraulics integrated directional tool for coiled tubing
drilling according to the present invention.

Fig. 2 schematically shows a retracted state of a
piston in a hydraulic driving module.

Fig. 3 schematically shows an extended state of the
piston in the hydraulic driving module.

Fig. 4 schematically shows a structure of a transmis-
sion shaft in a mechanical transmission module.

Fig. 5 schematically shows a structure of a rotating
cylinder in the mechanical transmission module.

Fig. 6 schematically shows operating principles of
the mechanical transmission module.

[0032] In the present application, all accompanying
drawings are schematic ones, provided to illustrate the
principle of the present invention merely, and are not
necessarily drawn to actual scale.

Detailed Description of Embodiments

[0033] The present invention will be described below
with reference to the accompanying drawings. It should
be noted that the description as follows is provided to
illustrate the principle of the presentinvention merely, and
is not intended to restrict the scope of protection of the
present invention.

[0034] For the sake of convenience, in the present
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application, an end proximate to the wellhead is defined
as an upper end, an upstream end, or the like, such as an
upper end in Fig. 1, while an end away from the wellhead
is defined as a lower end, a downstream end, or the like,
such as a lower end in Fig. 1.

[0035] Fig. 1 shows a structure of a mechanics-elec-
tronics-hydraulics integrated directional tool 100 for
coiled tubing drilling according to the present invention.
As shownin Fig. 1, the mechanics-electronics-hydraulics
integrated directional tool 100 for coiled tubing drilling
comprises an electronic control module 200, a hydraulic
driving module 300, and a mechanical transmission mod-
ule 400. The electronic control module 200 is configured
to receive and execute ground control commands. The
hydraulic driving module 300, which is arranged at a
lower end of the electronic control module 200, includes
a motor 14 in signal communication with the electronic
control module 200, a bidirectional hydraulic pump 18
connected to the motor 14 and comprising a first oil port
19 and a second oil port 21, a piston housing 28, and a
piston 27 adapted to the piston housing 28. The first oil
port 19 and the second oil port 21 are respectively in
communication with a first liquid cavity 201 and a second
liquid cavity 202 (see Fig. 2) formed at upper and lower
ends of the piston 27. The mechanical transmission
module 400 arranged at a lower end of the hydraulic
driving module 300 comprises a transmission shaft 41
connected to the piston 27, and a rotating cylinder 42
adaptively connected to the transmission shaft 41. The
electronic control module 200 is able to transmit the
ground control command to the hydraulic driving module
300 and control the motor 14 to rotate forward and back-
ward, so that the bidirectional hydraulic pump 18 gen-
erates high-pressure oil and low-pressure oil at the first olil
port 19 and the second oil port 21 respectively, and in
communication with the first liquid cavity 201 and the
second liquid cavity 202 alternately. In this manner, the
piston 27 will, under a differential pressure between the
high-pressure oil and the low-pressure oil, drive the
transmission shaft 41 to move axially in a reciprocating
manner. The mechanical transmission module 400 is
configured to drive the rotating cylinder 42 to rotate
through an axial movement of the transmission shaft
41, thus converting the axial movement of the transmis-
sion shaft 41 into a rotational movement of the rotating
cylinder 42. Therefore, the downhole drilling tool con-
nected to a lower end of the rotating cylinder 42 is driven
to rotate, so as to adjust the downhole tool face.

[0036] As shown in Fig. 1, the mechanics-electronics-
hydraulics integrated directional tool 100 for coiled tubing
drilling further comprises an upper joint 1, a pressure-
bearing shell 4 and a mechanical transmission shell 36,
which are connected in sequence from top to bottom. The
electronic control module 200 and the hydraulic driving
module 300 are arranged within the pressure-bearing
shell 4, and an annular flow passage 5 for circulation of
the drilling fluid is formed between the electronic control
module 200, the hydraulic driving module 300 and the

10

15

20

25

30

35

40

45

50

55

pressure-bearing shell 4. The mechanical transmission
module 400 is arranged inside the mechanical transmis-
sion shell 36.

[0037] In one embodiment, an upper end of the upper
joint 1 is configured as a universal drill pipe buckle for
connecting to an uphole drilling tool (not shown). A lower
end of the upper joint 1 is configured as a positively
tapered buckle which is fixedly connected to the pres-
sure-bearing shell 4 through threads. Both ends of the
pressure-bearing shell 4 are configured as negatively
tapered buckles. An upper negatively tapered buckle
of the pressure-bearing shell 4 is adapted to and fixedly
connected to the positively tapered buckle of the upper
joint 1 through threads, and a lower negatively tapered
buckle thereof is adapted to and fixedly connected to the
positively tapered buckle at an upper end of the mechan-
ical transmission shell 36 through threads. Thus the
pressure-bearing shell 4 serves as a protective shell
for the electronic control module 200 and the hydraulic
driving module 300 to withstand external impact on the
directional tool and the differential pressure between the
internal and external drilling fluid.

[0038] The upper joint 1 is provided with at least one
first flow hole 3 extending through a side wall thereof.
Preferably, two first flow holes 3 are symmetrically pro-
vided close to a lower end portion of the upperjoint 1. The
first flow holes 3 communicate an interior of the upper
joint 1 with the annular flow passage 5, whereby the
drilling fluid from the upper drilling tool can flow into the
annular flow passage 5 through the first flow holes 3.
[0039] According tothe presentinvention, as shownin
Fig. 1, the electronic control module 200 includes a circuit
pressure-bearing cylinder 6, and a control circuit 9 ar-
ranged inside the circuit pressure-bearing cylinder 6. The
control circuit 9 is connected to a cable from the ground
through a cable connector 2 and configured to receive
and execute ground control commands. The control cir-
cuit 9 is installed inside the circuit pressure-bearing cy-
linder 6 through a circuit framework 8, so that the circuit
pressure-bearing cylinder 6 is able to effectively protect
the control circuit 9. A stepped mounting portion is pro-
vided at an upper end of the circuit pressure-bearing
cylinder 6. The cable connector 2 is fixedly mounted
on the stepped mounting portion, for connecting a cable
inside the uphole drilling tool connected to an upper
portion of the mechanics-electronics-hydraulics inte-
grated directional tool 100 for coiled tubing drilling with
the control circuit 9 inside the circuit pressure-bearing
cylinder 6. The circuit framework 8 is arranged inside the
circuit pressure-bearing cylinder 6, for mounting and
supporting the control circuit 9.

[0040] In one embodiment, an upper centralizer 7 is
installed close to the upper end of the circuit pressure-
bearing cylinder 6 to ensure that the electronic control
module 200 is centered properly.

[0041] According to the present invention, the hydrau-
licdriving module 300 further includes a motor housing 16
fixedly connected to an upper end of the piston housing
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28. The motor 14 and the bidirectional hydraulic pump 18
are both arranged within the motor housing 16. In one
embodiment, an upper end of the motor housing 16 is
fixedly connected to a lower end of the circuit pressure-
bearing cylinder 6 through a positively tapered connec-
tion buckle, and a lower end of the motor housing 16 is
fixedly connected to the upper end of the piston housing
28 through a positively tapered connection buckle. An-
nular gaps in communication with each other are formed
between the circuit pressure-bearing cylinder 6, the mo-
tor housing 16, the piston housing 28 and the pressure-
bearing shell 4, each annular gap forming a part of the
annular flow passage 5.

[0042] As shown in Fig. 1, an oil bladder unit 10 is
installed between the circuit pressure-bearing cylinder 6
and the motor housing 16. The oil bladder unit 10 com-
prises an oil bladder framework 11 and a bladder 15
arranged on the oil bladder framework 11. Compensating
hydraulic oil is stored within the oil bladder unit 10, for
balancing the difference between the internal and exter-
nal pressures of the hydraulic driving module 300. Pre-
ferably, the compensating hydraulic oil is stored in an
annular space formed between the oil bladder framework
11 and the bladder 15. The bladder 15 is made of flexible
materials, such as rubber. The entire hydraulic driving
module 300 is submerged in hydraulic oil. The oil is
injected through an oil injection hole 17 of the motor
housing 16, and part of the hydraulic oil is stored in the
annular space between the oil bladder framework 11 and
the bladder 15 as the compensating hydraulic oil. The
circuit pressure-bearing cylinder 6 is provided with a
second flow hole 13 extending through a side wall there-
of. The second flow hole 13 corresponds to the oil bladder
unit 10, so that the drilling fluid from the uphole drilling tool
can flow to the oil bladder unit 10 through the first flow
holes 3, the annular flow passage 5 and the second flow
hole 13 in sequence. In this manner, the drilling fluid can
act on the bladder 15 of the oil bladder unit 10 to balance
the difference between the internal and external pres-
sures of the hydraulic driving module 300. With regard to
the internal and external pressures in the present appli-
cation, it should be noted that the internal pressure refers
to a pressure generated within the hydraulic driving mod-
ule 300, while the external pressure refers to a pressure
of the drilling fluid in the annular flow passage.

[0043] An upper end of the oil bladder framework 11 is
inserted into the lower end of the circuit pressure-bearing
cylinder 6, and a lower end of the oil bladder framework 11
is inserted into the upper end of the motor housing 16,
thus forming fixed installation. A wire connector 12 is
installed inside the oil bladder framework 11, for connect-
ing control wires of the control circuit 9 with those of the
motor 14 to facilitate the transmission of control signals.
[0044] According to the present invention, the hydrau-
lic driving module 300 includes the oil bladder unit 10, the
motor 14, and the bidirectional hydraulic pump 18 which
are arranged in sequence from top to bottom and in fluid
communication with each other. The oil bladder unit 10
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comprises the oil bladder framework 11 and the bladder
15 made of, for example, rubber and arranged on the oil
bladder framework 11. Compensating hydraulic oil is
stored in the annular space formed between the oil
bladder framework 11 and the bladder 15, and in com-
munication with the hydraulic oil used by the bidirectional
hydraulic pump 18.

[0045] It is readily comprehensible that although the
hydraulic driving module 300 is provided with seals, the
leakage of hydraulic oil in the motor 14 and the bidirec-
tional hydraulic pump 18 is inevitable after prolonged use
in the high-temperature and high-pressure downhole
environment. According to the present invention, the
oil bladder unit 10 is able to automatically provide hy-
draulic oil to the bidirectional hydraulic pump 18 when
leakage occurs, in order to compensate for the loss of
hydraulic oil and ensure the normal operation of the motor
14 and the bidirectional hydraulic pump 18. At the same
time, it is unnecessary to replace the motor 14 or the
bidirectional hydraulic pump 18.

[0046] After the compensating hydraulic oil of the oil
bladder unit 10 is supplied to the bidirectional hydraulic
pump 18, the hydraulic pressure acting on the bladder 15
made of rubber will deform the bladder 15, so as to
eliminate vacuum possibly formed within the oil bladder
unit 10, thus ensuring the normal operation of the hy-
draulic driving module 300.

[0047] Further, as mentioned above, the drilling fluid
can flow to the oil bladder unit 10 through the first flow
holes 3, the annular flow passage 5 and the second flow
hole 13 in sequence, and exert on the bladder 15 of the oil
bladder unit 10 made of flexible materials, thereby bal-
ancing the difference between the internal and external
pressures of the hydraulic driving module 300. Therefore,
the pressure-bearing capacity of each component in the
hydraulic driving module 300 is improved, and the service
life thereof can be extended.

[0048] The hydraulic driving module 300 further com-
prises a two-way hydraulic valve 20 connected between
the bidirectional hydraulic pump 18 and the piston hous-
ing 28. The two-way hydraulic valve 20 is provided there-
in with a first oil path and a second oil path that are
respectively in communication with the second oil port
21 and the first oil port 19 of the bidirectional hydraulic
pump 18. A first flow passage 24 and a second flow
passage 26, which are in communication with the first
liquid cavity 201 and the second liquid cavity 202 respec-
tively, are provided within a sidewall of the piston housing
28. The first flow passage 24 is in communication with the
first oil path to form a first hydraulic passage, and both
ends of the first hydraulic passage are respectively in
communication with the first oil port 19 of the bidirectional
hydraulic pump 18 and the first liquid cavity 201. The
second flow passage 26 is in communication with the
second oil path to form a second hydraulic passage, and
both ends of the second hydraulic passage are respec-
tively in communication with the second oil port 21 of the
bidirectional hydraulic pump 18 and the second liquid
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cavity 202.

[0049] As shown in Fig. 1, the piston housing 28 is
approximately cylindrical in shape. Two independent
cavities, an upper cavity and a lower cavity, are formed
within the piston housing 28. The upper cavity is for
installing the two-way hydraulic valve 20, and the lower
cavity is for adaptively installing the piston 27. Mean-
while, a hydraulic joint 29 is inserted and fixedly installed
in a lower end of the piston housing 28. A sliding seal ring
30 is arranged between the hydraulic joint 29 and a lower
end of a lower piston rod (see below) of the piston 27, so
that a dynamic seal connection is formed therebetween.
The lower end of the lower piston rod of the piston 27
extends outward through the hydraulic joint 29, so as to
form a dynamic seal therebetween. The piston 27 is able
to move within the cavity along an axial direction.
[0050] The piston 27 comprises a piston body, and an
upper piston rod and a lower piston rod which are oppo-
sitely arranged at two axial ends of the piston body. The
upper piston rod and the lower piston rod have equal
diameters which are smaller than that of the piston body.
The upper cavity and the lower cavity in the piston hous-
ing 28 are in communication with each other, a diameter
of the upper cavity being smaller than that of the lower
cavity. The upper piston rod is adaptively installed in the
upper cavity and forms a seal with an inner wall of the
upper cavity. The piston body is adaptively installed in the
lower cavity and forms a seal with an inner wall of the
lower cavity. An area of the lower cavity above an upper
end surface of the piston body is formed as a first liquid
cavity 201, while an area of the lower cavity below a lower
end surface of the piston body is formed as a second
liquid cavity 202. The first liquid cavity 201 is in commu-
nication with the first hydraulic passage, and the second
liquid cavity 202 is in communication with the second
hydraulic passage. During operation, the hydraulic driv-
ing module 300 enables the first liquid cavity 201 and the
second liquid cavity 202 to be alternately in communica-
tion with high-pressure oil and low-pressure oil, so that a
differential pressure can be formed between the upper
and lower end surfaces of the piston body. Thus, the
reciprocating movement of the piston 27 along the axial
direction can be realized.

[0051] During operation, the hydraulic driving module
300 receives the ground control command transmitted by
the electronic control module 200, so as to control the
motor 14 to rotate in forward and reverse directions.
When the motor 14 rotates in the forward direction, the
first oil port 19 of the bidirectional hydraulic pump 18
sucks oil, so that the low-pressure oil within the second
hydraulic passage is drawn back into the bidirectional
hydraulic pump 18, where it is compressed to form high-
pressure oil. Subsequently, the high-pressure oil is trans-
ported to the first liquid cavity 201 through the first hy-
draulic passage. Atthis time, the oilin the first liquid cavity
201 is high-pressure oil, while that in the second liquid
cavity 202 is low-pressure oil, so that the piston 27 moves
axially downward under the differential pressure between
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the high-pressure and low-pressure oil and extends out-
ward. Fig. 3 shows an extended state of the piston 27 in
the hydraulic driving module 300.

[0052] When the motor 14 rotates in the reverse direc-
tion, the second oil port 21 of the bidirectional hydraulic
pump 18 sucks oil, so that the low-pressure oil in the first
hydraulic passage is drawn back into the bidirectional
hydraulic pump 18, where it is compressed to form high-
pressure oil. Subsequently, the high-pressure oil is trans-
ported to the second liquid cavity 202 through the second
hydraulic passage. At this time, the oil in the first liquid
cavity 201 is low-pressure oil, while that in the second
liquid cavity 202 is high-pressure oil, so that the piston 27
moves axially upward under the differential pressure
between the high-pressure and the low-pressure oil
and retracts. Fig. 2 shows a retracted state of the piston
27 in the hydraulic driving module 300.

[0053] According to an embodiment of the present
invention, a first safety valve 22 and a second safety
valve 23 are respectively provided in the first oil path and
the second oil path of the two-way hydraulic valve 20.
When the oil pressure in the two-way hydraulic valve 20 is
abnormal (such as when the movement of the piston 27 is
blocked or the circulating oil path is clogged), say, ex-
ceeding a set threshold of the first safety valve 22 or the
second safety valve 23, the first safety valve 22 or the
second safety valve 23 will be turned on automatically to
discharge part of the oil to the low-pressure cavity, in
order to ensure the safety of the entire hydraulic circula-
tion system.

[0054] According to the present invention, the hydrau-
lic driving module 300 includes only one bidirectional
hydraulic pump 18, through which the bidirectional cir-
culation of the two flow passages is realized, ensuring the
reciprocating movement of the piston along the axial
direction reliably. Compared with the traditional two sets
of hydraulic assemblies, the structure of the tool accord-
ing to the present invention has been significantly sim-
plified, and the reliability of the system has been greatly
enhanced.

[0055] In addition, with such an arrangement of the
hydraulic driving module 300, the length of the entire
directional tool 100 is significantly shortened. Generally
speaking, the directional tool according to the present
invention can be manufactured with alength of only 3.6 to
4 meters, which is reduced by approximately 15-30%
compared to the directional tools in the prior arts. For
example, in a particular embodiment, an overall length of
the directional tool 100 according to the presentinvention
is only about 3.8 meters. Compared with an overall length
of about 5.5 meters in the prior arts, the length of the
directional tool according to the present invention is re-
duced by about 30%. It is readily understood that such
improvement is of great significance for the performance
of the tool when passing through the wellbore curvature.
[0056] In one embodiment, a side wall of the piston
housing 28 corresponding to the upper cavity is provided
with a pressure balance hole 25, which is preferably
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arranged near a top portion of the upper cavity. The
pressure balance hole 25 is configured to communicate
the annular flow passage 5 with an upper area corre-
sponding to the piston 27 inside the cavity, so that the
drilling fluid pressure exerts on the piston rod above the
piston 27. Therefore, the pressure of the drilling fluid
exerted on the piston rod below the piston 27 can be
balanced, while the vacuuming phenomenon generated
during the movement of the piston 27 can be prevented.
[0057] Further, alower centralizer 31 is provided on an
outer side of the hydraulic joint 29 and configured to
centralize the hydraulic driving module 300, in order to
ensure the coaxiality of the connection between the
piston 27 and the mechanical transmission module
400, reduce the off-axis resistance during the movement
of the entire system, and enhance the efficiency of output
thrust of the hydraulic driving module 300. During the
operation, the upper centralizer 7 installed on the circuit
pressure-bearing cylinder 6 works in cooperation with the
lower centralizer 31 to effectively ensure the centraliza-
tion of the electronic control module 200 and the hydraulic
driving module 300.

[0058] According to the presentinvention, as shown in
Fig. 1, the transmission shaft 41 is fixedly connected to a
lower end of the piston 27 through a drive shaft 34 which
has a central flow passage 35. Hence, when the piston 27
is driven by the hydraulic driving module 300 to move
along the axial direction, the transmission shaft 41 can be
driven by the piston 27 to move along the axial direction
as well. The drive shaft 34 is provided with a third flow
hole 33 extending through a side wall thereof, which is
preferably arranged near an upper end thereof and con-
figured to communicate the central flow passage 35 with
the annular flow passage 5. Thus, the drilling fluid in the
annular flow passage 5 between the electronic control
module 200, the hydraulic driving module 300 and the
pressure-bearing shell 4 can enter the central flow pas-
sage 35 of the drive shaft 34 of the mechanical transmis-
sion module 400 through the third flow hole 33, in order to
realize the downward flow of the drilling fluid.

[0059] Alimitcylinder 32 is arranged on the drive shaft
34 close to the upper end thereof. An upper end surface of
the limit cylinder 32 is in contact with a lower end surface
of the hydraulic joint 29 of the hydraulic driving module
300, while a lower end surface of the limit cylinder 32isin
contact with an upper end surface of the mechanical
transmission shell 36, for limiting the hydraulic driving
module 300 and preventing the hydraulic driving module
300 from moving downward when the piston 27 extends
outward.

[0060] According tothe presentinvention, as shown in
Fig. 4, a plurality of first key ways 50 and a plurality of
second key ways 60 both evenly distributed along the
circumferential direction are formed on an outer surface
ofthe transmission shaft41. The firstkey ways 50 and the
second key ways 60 are spaced apart along the axial
direction, and offset from each other at a certain angle
circumferentially. Thus the first key ways 50 and the
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second key ways 60 are in communication with but offset
from each other along the circumferential direction. The
first key ways 50 and the second key ways 60 all extend
along the axial direction, and may be, for example, ex-
ternal spline key ways extending axially. As shown in Fig.
5, at least one engaging protrusion 70 is further arranged
on aninner surface of the rotating cylinder 42. Preferably,
a plurality of engaging protrusions 70 may be provided.
More preferably, the first key ways 50, the second key
ways 60 and the engaging protrusions 70 are equal in
number. The engaging protrusions 70 are arranged at
intervals along the circumferential direction, and may be,
for example, internal key teeth extending axially. Since
the first key ways and the second key ways are offset at a
certain angle, the engaging protrusions 70 can alter-
nately engage with the first key ways 50 and the second
key ways 60 and move therebetween when the transmis-
sion shaft 41 moves axially, thus driving the rotating
cylinder 42 to rotate.

[0061] AsshowninFig. 4, afirstside wall atalowerend
of each first key way 50 is formed as a first guiding
inclined surface 51, which is opposite to the second
key way 60 to receive the engaging protrusion 70 from
the second key way 60. Moreover, a first side wall at an
upper end of each second key way 60 is formed as a
second guiding inclined surface 61, which is opposite to
the first key way 50 to receive the engaging protrusion 70
from the first key way 50. In the meantime, as shown in
Fig. 5, a first engaging inclined surface 71 that can en-
gage with the first guiding inclined surface 51 is formed on
a second side opposite to a first side, and at an upper end
of the engaging protrusion 70, while a second engaging
inclined surface 72 that can engage with the second
guiding inclined surface 61 is formed on the second side
and at a lower end of the engaging protrusion 70.
[0062] Therefore, when the engaging protrusion 70
moves upward relatively and leaves one of the second
key ways 60, the first engaging inclined surface 71 at the
upper end of the engaging protrusion 70 will engage with
the first guiding inclined surface 51 at the lower end of a
corresponding first key way 50. With the cooperation
between the first guiding inclined surface 51 and the first
engaging inclined surface 71, the engaging protrusion 70
can continue to move upward but with a circumferential
offset, and thus enter the corresponding first key way 50
which is circumferentially offset from said second key
way 60 at a certain angle. The cooperation between the
first guiding inclined surface 51 and the first engaging
inclined surface 71 is conducive to the stable movement
of the engaging protrusion 70 relative to the first key way
50, and also realizes the rotation of the rotating cylinder
42.

[0063] When the engaging protrusion 70 moves down-
ward relatively and leaves one of the first key ways 50, the
second engaging inclined surface 72 at the lower end of
the engaging protrusion 70 will engage with the second
guiding inclined surface 61 at the upper end of a corre-
sponding second key way 60. With the cooperation be-
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tween the second guiding inclined surface 61 and the
second engaging inclined surface 72, the engaging pro-
trusion 70 can continue to move downward but with a
circumferential offset, and thus enter the corresponding
second key way 60 which is circumferentially offset from
the first key way 50 at a certain angle. The cooperation
between the second guiding inclined surface 61 and the
second engaging inclined surface 72 is conducive to the
stable movement of the engaging protrusion 70 relative
tothe second key way 60, and also realizes the rotation of
the rotating cylinder 42.

[0064] In one preferred embodiment, the engaging
protrusion 70 always engages with at least one of the
firstkey way 50 and the second key way 60. Thatis to say,
the engaging protrusion 70 will not disengage from the
first key way 50 and the second key way 60 simulta-
neously.

[0065] Therefore, after the mechanics-electronics-hy-
draulics integrated directional tool 100 for coiled tubing
drilling is assembled, the rotating cylinder 42 is located
outside the transmission shaft 41, so that the engaging
protrusion 70 on the rotating cylinder 42 can move be-
tween the first key way 50 and the second key way 60.
When the engaging protrusion 70 is within the first key
way 50 or the second key way 60, it engages with the first
key way 50 or the second key way 60 in the circumfer-
ential direction through snap fitting, so that the transmis-
sion shaft 41 is fixed relative to the rotating cylinder 42 in
the circumferential direction. During the drilling, the
above arrangement can effectively avoid slipping phe-
nomenon, as well as deviation of the drilling direction of
the bottom hole assembly connected to the rotating
cylinder 42.

[0066] In addition, as shown in Fig. 4, a neck portion
411 is also formed on the outer surface of the transmis-
sion shaft 41, and within a space between the first key
ways 50 and the second key ways 60. Thus, when mov-
ing to the neck portion 411, the engaging protrusion 70
will not directly contact the outer surface of the transmis-
sion shaft 41, which reduces the frictional resistance
between the rotating cylinder 42 and the transmission
shaft 41 and thus enables the relative movement there-
between to be more flexible.

[0067] Accordingtothe presentinvention, the mechan-
ical transmission module 400 also includes a ratchet
cylinder 40. An upper end of the ratchet cylinder 40 is
sleeved on the drive shaft 34, and a lower end thereof
extends downward to an area outside of the transmission
shaft 41 and engages with an upper end of the rotating
cylinder 42. Ratchets are formed at an edge of the lower
end of the ratchet cylinder 40, the function of which will be
described in detail hereinafter.

[0068] As shown in Fig. 1, a step with an end surface
facing downward is provided on an inner wall of the
mechanical transmission shell 36, and a spring 38 is
arranged between the step and an upper end surface
of the ratchet cylinder 40. Preferably, an upper end of the
spring 38 is pressed against the step via a balance block
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37. After the mechanics-electronics-hydraulics inte-
grated directional tool 100 for coiled tubing drilling is
assembled, the spring 38 remains in a compressed state
to tightly press the ratchet cylinder 40 downward, so that
the lower end of the ratchet cylinder 40 is pressed tightly
against the upper end of the rotating cylinder 42. It can be
understood that the spring 38 can also be replaced by any
other suitable elastic element.

[0069] Meanwhile, ratchets 421 are also formed at an
edge of the upper end of the rotating cylinder 42 (see Fig.
5), and abut against to engage with the ratchets at the
edge of the lower end of the ratchet cylinder 40 when
pressed by the spring 38. When the rotating cylinder 42
rotates and the ratchets are in offset cooperation, the
ratchet cylinder 40 compresses the spring 38, thus pro-
viding a space for axial movement. At the same time, the
reverse rotation of the rotating cylinder 42 can be avoided
through the cooperation between the ratchets. Addition-
ally, spline grooves are machined on an outer surface of
an upper portion of the ratchet cylinder 40. The ratchet
cylinder 40 cooperates with splines provided on an inner
wall of the mechanical transmission shell 36 through the
spline grooves, in order to prevent rotation.

[0070] As shown in Fig. 1, an upper oil filling port 39
passing through the mechanical transmission shell 36
along aradial direction is further provided on a side wall of
the mechanical transmission shell 36, for filling lubricat-
ing oil between the transmission shaft 41 and the me-
chanical transmission shell 36. The lubricating oil can
flow in spaces between the transmission shaft 41 and the
mechanical transmission shell 36, between the rotating
cylinder 42 and the mechanical transmission shell 36,
and a space where the transmission shaft 41 engages
with the rotating cylinder 42. A detachable sealing plug is
installed at the upper oil filling port 39. Thus, the relative
movement between the rotating cylinder 42 and the
transmission shaft 41 can be more flexible.

[0071] As shown in Fig. 1, an output joint 47 is fixedly
connected to a lower end of the rotating cylinder 42 and
configured to connect to the downhole drilling tool (not
shown). In one embodiment, an upper end of the output
joint47 can be inserted into and connect to the lower end
of the rotating cylinder 42 through threads. Thus, the
rotation of the rotating cylinder 42 can drive the output
joint 47 to rotate together. In this manner, the rotation of
the rotating cylinder 42 can be transmitted to the down-
hole drilling tool, thus changing the drilling direction
thereof. An axial space is provided between the upper
end of the outputjoint47 and a lower end of the transmis-
sion shaft 41 to allow the relative axial movement of the
transmission shaft 41. Preferably, a sealing ring is ar-
ranged between the upper end of the output joint 47 and
the lower end of the rotating cylinder 42, for preventing
the wellbore fluid from flowing to the outside of the
transmission shaft 41 through a connection between
the output joint 47 and the rotating cylinder 42 and con-
taminating the lubricating oil.

[0072] Again, as shown in Fig. 1, a sealing joint 44 is
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arranged between the mechanical transmission shell 36
and the output joint 47. An upper end of the sealing joint
44 is inserted into a lower end of the mechanical trans-
mission shell 36 to form a fixed connection through
threads. The sealing joint 44 is arranged outside of the
outputjoint47, and arotary sealing ring 46 is arranged on
an inner side of the sealing joint 44. The rotary sealing
ring 46 is engaged between the sealing joint 44 and the
output joint 47, in order to ensure a sealed engagement
therebetween when the output joint 47 rotates relative to
the sealing joint 44.

[0073] An upper end surface of the sealing joint 44 is
exactly opposite to a lower end surface of the rotating
cylinder 42, with a thrust bearing 43 arranged therebetw-
een. Meanwhile, an inner step with an end surface facing
downward is provided on an inner wall of the sealing joint
44, and an outer step with an end surface facing upward is
provided on an outer wall of the output joint47. The inner
step and the outer step are opposite to each other, with a
thrust bearing 43 also arranged therebetween. Said two
thrust bearings 43 are both arranged around the output
joint 47 but axially spaced apart. The thrust bearings 43
are configured to transmit an axial pulling force of the
mechanical transmission shell 36 while guiding the rota-
tion of the rotating cylinder 42.

[0074] In one embodiment, the sealing joint 44 is also
provided with a lower ail filling port 45 passing through a
side wall thereof along the radial direction, for filling
lubricating oil between the output joint 47 and the sealing
joint44, in order to lubricate the two thrust bearings 43. A
detachable sealing plug is installed at the lower oil filling
port 45.

[0075] The operating procedure of the mechanical
transmission module 400 will be described in detail below
with reference to Fig. 6.

[0076] Fig. 6 shows three working states of the me-
chanical transmission module 400, namely State |, State
Il and State Ill, which show the procedure during which
the rotating cylinder 42 rotates at a preset directional
angle.

[0077] In State |, the engaging protrusion 70 is located
in a second key way 60A, in which case two side walls of
the second key way 60A can effectively clamp the enga-
ging protrusion 70. Therefore, the rotating cylinder 42 will
not rotate relative to the transmission shaft 41, which can
effectively ensure the orientation of the downhole drilling
tool connected therebelow. Meanwhile, the spring 38
presses the ratchet cylinder 40 downward, enabling
the ratchets at the lower end thereof to mesh with the
ratchets at the upper end of the rotating cylinder 42.
[0078] The piston 27 is driven to extend by the hydrau-
lic driving module 300 to press the transmission shaft 41
downward, so that the transmission shaft 41 moves
downward relative to the rotating cylinder 42. Thus, the
engaging protrusion 70 is able to move upward relative to
the second key way 60A to proceed to State Il

[0079] InStatell, the engaging protrusion 70 is aboutto
disengage from the second key way 60A, in which case
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the first engaging inclined surface 71 at the upper end of
the engaging protrusion 70 engages with the first guiding
inclined surface 51 at a lower end of the first key way 50C
and sandwiched between the firstkey ways 50B and 50C.
[0080] Duringthe procedure from State | to State Il, the
rotating cylinder 42 has not yet rotated. Therefore, in
State Il the ratchets of the ratchet cylinder 40 and the
rotating cylinder 42 remain meshed together. Thus, the
rotating cylinder 42 will not rotate in the reverse direction
even if the engaging protrusion 70 has been released
from the limitation of a side wall surface of the second key
way 60A.

[0081] As the hydraulic driving module 300 further
presses the piston 27 and then the transmission shaft
41 downwards, and with the cooperation between the
first engaging inclined surface 71 of the engaging protru-
sion 70 and the first guiding inclined surface 51 of the first
keyway 50C, the engaging protrusion 70 will turn to move
towards the first key way 50C (away from the first key way
50B) and thus enter into the first key way 50C. During this
procedure, the rotating cylinder 42 rotates at a preset
angle not only relative to the transmission shaft 41 but
also relative to the ratchet cylinder 40. The ratchets at the
upper end of the rotating cylinder 42 are offset from the
ratchets at the lower end of the ratchet cylinder 40, which
mesh together again after rotating said preset angle to
proceed to State lIl.

[0082] In State lll, the engaging protrusion 70 is in the
first key way 50C, limited by left and right sidewall sur-
faces thereof. Thus, the rotating cylinder 42 will not rotate
relative to the transmission shaft 41 again, which effec-
tively ensures the orientation of the downhole drilling tool
connected therebelow.

[0083] Similarly, the rotating cylinder 42 can rotate
again in the same direction at a preset angle when the
hydraulic driving module 300 drives the piston 27 to
retract to lift up the transmission shaft 41, so that the
engaging protrusion 70 moves to another second key
way 60D adjacent to the second key way 60A (on a left
side thereof). Thus every time the transmission shaft 41
moves, the rotating cylinder 42 is driven to rotate at an
angle, in order to adjust the downhole tool face.

[0084] The hydraulic driving module 300 drives the
piston 27 to extend and retract alternately, thereby driving
the continuous reciprocating motion of the transmission
shaft 41 along the axial direction. Thus, the orientation of
the rotating cylinder 42 can be changed continuously,
which is highly efficient and beneficial in case of large
drilling angle change of the downhole drilling tool.
[0085] The overall structure of the mechanics-electro-
nics-hydraulics integrated directional tool 100 for coiled
tubing drilling according to the present invention in a
working state is shown in Fig. 1. The electronic control
module 200 receives the ground control command
through the cable, and controls the forward and reverse
rotations of the motor 14 in the hydraulic driving module
300, thus driving two different oil outlets of the bidirec-
tional hydraulic pump 18 to discharge oil. Thus the bidir-
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ectional hydraulic pump 18 alternately forms high-pres-
sure oil and low-pressure oil in the first hydraulic passage
and the second hydraulic passage respectively, so that
the first liquid cavity 201 and the second liquid cavity 202
are alternately in communication with the high-pressure
oil and the low-pressure oil, thereby forming a differential
pressure between the upper and lower end surfaces of
the piston 27 and realizing the reciprocating movement of
the piston 27 along the axial direction. The piston 27
drives the transmission shaft 41 of the mechanical trans-
mission module 400 connected to the drive shaft 34 to
move in a straight reciprocating manner. Through the
mechanical cooperation between the transmission shaft
41 and the rotating cylinder 42, the straight reciprocating
movement of the transmission shaft 41 is converted into
the rotational movement of the rotating cylinder 42, so
that the rotating cylinder 42 drives the output joint 47 to
rotate, and further drives the downhole drilling tool con-
nected to the lower end of the output joint 47 to rotate,
thus adjusting the downhole tool face. In this manner, the
directional operation for coiled tubing drilling can be
achieved.

[0086] The mechanics-electronics-hydraulics inte-
grated directional tool 100 for coiled tubing drilling ac-
cording to the present invention comprises a hydraulic
driving module 300, which can realize bidirectional cir-
culation of two flow passages through a bidirectional
hydraulic pump 18. Compared with the traditional two-
set hydraulic assemblies, the structure according to the
presentinvention is greatly simplified, while the reliability
of the system is also significantly enhanced. Meanwhile,
the mechanical transmission module 400 can be locked
reliably after the operation, thus avoiding slipping that
may influence the rotation effect, and obviating the need
for an additional self-locking structure. Besides, since
there are only two upper and lower dead centers for the
axial movement, there is no need for accurate position-
ing, which is convenient to control. The mechanics-elec-
tronics-hydraulics integrated directional tool 100 for
coiled tubing drilling is characterized by high reliability,
which is able to significantly improve the directional effi-
ciency.

[0087] Finally, it should be noted that the foregoing
description is merely illustrative of preferred embodi-
ments of the present invention, and is not intended to
restrict the present invention. Although the present in-
vention is described in detail with reference to the above
embodiments, itis still possible for one skilled in the art to
modify the technical solutions defined in the above em-
bodiments or to replace some of the technical features
with equivalent ones. Any modifications, equivalent sub-
stitutions, improvements, and the like falling within the
spiritand principles of the present invention are intended
to be included within the scope of protection of the pre-
sent invention.
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Claims

1. A directional tool for coiled tubing drilling, compris-
ing:

an electronic control module (200), for receiving
a ground control command;

a hydraulic driving module (300), which com-
prises a motor (14) in signal connection with the
electronic control module (200), a bidirectional
hydraulic pump (18) connected to the motor
(14), and a piston unit comprising a piston hous-
ing (28) and a piston (27) arranged within the
piston housing, a first liquid cavity (201) and a
second liquid cavity (202) in communication with
the bidirectional hydraulic pump (18) being
formed at both ends of the piston, respectively;
and

a mechanical transmission module (400),with
both ends thereof connected to the piston and
a downhole drilling tool, respectively,

wherein the electronic control module is config-
ured to transmit the ground control command to
the hydraulic driving module, so that the motor
drives the bidirectional hydraulic pump to gen-
erate high-pressure oil and low-pressure oil in
the first liquid cavity and the second liquid cavity
alternately, thus driving the piston to perform
axial movement reciprocally under differential
pressure, and

the mechanical transmission module is config-
ured to convert the axial movement of the piston
into a rotational movement, in order to drive the
downhole drilling tool to rotate and thus adjust
downhole tool face.

2. The directional tool for coiled tubing drilling accord-
ing to claim 1, characterized in that the electronic
control module (200) includes a circuit pressure-
bearing cylinder (6), and a control circuit (9) arranged
inside the circuit pressure-bearing cylinder and in
signal connection therewith.

3. The directional tool for coiled tubing drilling accord-
ing to claim 2, characterized in that the directional
tool further comprises an upper joint (1), a pressure-
bearing shell (4) and a mechanical transmission
shell (36) connected in sequence,
wherein the electronic control module (200) and the
hydraulic driving module (300) are arranged within
the pressure-bearing shell (4), and the mechanical
transmission module (400) is arranged inside the
mechanical transmission shell (36), an annular flow
passage (5) for circulation of drilling fluid being
formed between the electronic control module
(200), the hydraulic driving module (300) and the
pressure-bearing shell (4).
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The directional tool for coiled tubing drilling accord-
ing to claim 2 or claim 3, characterized in that the
control circuit is installed inside the circuit pressure-
bearing cylinder through a circuit framework (8), and
configured to receive the ground control command
through a cable connector (2).

The directional tool for coiled tubing drilling accord-
ing to claim 4, characterized in that the hydraulic
driving module (300) further includes a motor hous-
ing (16) fixedly connected to an upper end of the
piston housing, and the motor (14) and the bidirec-
tional hydraulic pump (18) are arranged within the
motor housing.

The directional tool for coiled tubing drilling accord-
ing to claim 5, characterized in that the hydraulic
driving module (300) further includes an oil bladder
unit (10) arranged between the electronic control
module (200) and the motor (14), for storing com-
pensating hydraulic oil for balancing a difference
between an internal pressure and an external pres-
sure of the hydraulic driving module.

The directional tool for coiled tubing drilling accord-
ing to claim 6, characterized in that the oil bladder
unit (10) is arranged between the circuit pressure-
bearing cylinder (6) and the motor housing (16), and
comprises an oil bladder framework (11) and a blad-
der (15) arranged thereon, wherein an annular space
for storing the compensating hydraulic oil is formed
between the oil bladder framework (11) and the
bladder (15).

The directional tool for coiled tubing drilling accord-
ing to claim 7, characterized in that a wire connec-
tor (12) is installed inside the oil bladder framework,
for connecting the control circuit to the motor.

The directional tool for coiled tubing drilling accord-
ing to claim 7 or claim 8, characterized in that the
upper joint (1) and the circuit pressure-bearing cy-
linder (6) are respectively provided with a first flow
hole (3) and a second flow hole (13) extending
through side walls thereof, the second flow hole
(13) corresponding to the oil bladder unit (10) in
position,

wherein the drilling fluid from an uphole drilling tool
flows to the oil bladder unit through the first flow hole,
the annular flow passage and the second flow hole in
sequence, in order to balance the difference be-
tween the internal and external pressures of the
hydraulic driving module.

The directional tool for coiled tubing drilling accord-
ing to claim 1, characterized in that the bidirectional
hydraulic pump (18) comprises a first oil port (19) and
a second oil port (21) in communication with the first
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12.

13.

14.

15.

22

liquid cavity (201) and the second liquid cavity (202)
respectively, and the hydraulic driving module further
comprises a two-way hydraulic valve (20) connected
between the bidirectional hydraulic pump (18) and
the piston housing (28), wherein a first oil path and a
second oil path respectively in communication with
the first oil port (19) and the second oil port (21) are
arranged within the two-way hydraulic valve (20).

The directional tool for coiled tubing drilling accord-
ing to claim 10, characterized in that a first flow
passage (24) and a second flow passage (26) in
communication with the first liquid cavity and the
second liquid cavity respectively are provided within
a side wall of the piston housing, wherein the first flow
passage is in communication with the first oil path to
form a first hydraulic passage, and the second flow
passage is in communication with the second oil path
to form a second hydraulic passage,

wherein the bidirectional hydraulic pump is config-
ured to:

when the motor rotates in a forward direction,
suck the low-pressure oil from the second hy-
draulic passage, which is compressed to form
the high-pressure oil and then transported to the
first liquid cavity through the first hydraulic pas-
sage, so that the piston extends axially down-
ward, and

when the motor rotates in a reverse direction,
suck the low-pressure oil from the first hydraulic
passage, which is compressed to form the high-
pressure oil and then transported to the second
liquid cavity through the second hydraulic pas-
sage, so that the piston retracts axially upward.

The directional tool for coiled tubing drilling accord-
ing to claim 10 or claim 11, characterized in that a
first safety valve (22) and a second safety valve (23)
are respectively provided in the first oil path and the
second oil path of the two-way hydraulic valve.

The directional tool for coiled tubing drilling accord-
ing to any one of claims 1 to 12, characterized in
that a pressure balance hole (25) is arranged in the
side wall of the piston housing, for communicating
the annular flow passage with an upper area of the
piston, in order to balance the pressure on both ends
of the piston.

The directional tool for coiled tubing drilling accord-
ing to any one of claims 1 to 3, characterized in that
a hydraulic joint (29) is fixed to a lower end of the
piston housing, wherein a lower end of the piston
extends through the hydraulic joint to form a dynamic
seal.

The directional tool for coiled tubing drilling accord-



16.

17.

18.

19.

23

ing to claim 14, characterized in that an upper
centralizer (7) is arranged on an outer side of the
circuit pressure-bearing cylinder, and a lower cen-
tralizer (31) is arranged on an outer side of the
hydraulic joint, for centralizing the electronic control
module and the hydraulic driving module.

The directional tool for coiled tubing drilling accord-
ing to claim 1, characterized in that the mechanical
transmission module (400) comprises a transmis-
sion shaft (41) connected to the piston and a rotating
cylinder (42) adaptively connected to the transmis-
sion shaft, and is configured to drive the rotating
cylinder to rotate through an axial movement of
the transmission shaft.

The directional tool for coiled tubing drilling accord-
ing to claim 16, characterized in that the transmis-
sion shaft is fixedly connected to the piston through a
drive shaft (34), which has a central flow passage
(35), and a third flow hole (33) passing through a side
wall thereof for communicating the central flow pas-
sage (35) with the annular flow passage (5).

The directional tool for coiled tubing drilling accord-
ingtoclaim 16 or 17, characterized in that a plurality
of first key ways (50) and a plurality of second key
ways (60) both evenly distributed along a circumfer-
ential direction are formed on an outer surface of the
transmission shaft, wherein the first key ways and
the second key ways are spaced apart along an axial
direction and offset from each other at a certain angle
circumferentially, so as to be in communication with
but offset from each other along the circumferential
direction, and

at least one engaging protrusion (70) is arranged on
an inner surface of the rotating cylinder, and config-
ured to alternately engage with one of the first key
ways and one of the second key ways when the
transmission shaft (41) moves along the axial direc-
tion, thus driving the rotating cylinder to rotate.

The directional tool for coiled tubing drilling accord-
ing to claim 18, characterized in that a first side wall
atalower end of each first key way is formed as a first
guiding inclined surface (51), which is opposite to a
corresponding second key way to receive the enga-
ging protrusion from said second key way,

a first side wall at an upper end of each second
key way is formed as a second guiding inclined
surface (61), which is opposite to a correspond-
ing first key way to receive the engaging protru-
sion from said first key way, and

a first engaging inclined surface (71) that en-
gages with the first guiding inclined surface is
formed on a second side opposite to a first side,
and at an upper end of the engaging protrusion,
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20.

21.

22,

24

while a second engaging inclined surface (72)
that engages with the second guiding inclined
surface is formed on the second side and at a
lower end of the engaging protrusion.

The directional tool for coiled tubing drilling accord-
ing to claim 16, characterized in that the mechan-
ical transmission module further comprises:

aratchet cylinder (40), with an upper end thereof
sleeved on the drive shaft (34), and a lower end
thereof extending downward to engage with an
upper end of the rotating cylinder, ratchets
formed at the lower end of the ratchet cylinder
and the upper end of the rotating cylinder being
configured to engage with each other; and

a spring (38), wherein a step with an end surface
facing downward is provided on an inner wall of
the mechanical transmission shell, and the
spring is arranged between the step and an
upper end surface of the ratchet cylinder, the
lower end of the ratchet cylinder pressing tightly
against the upper end of the rotating cylinder, in
order to allow the rotating cylinder to rotate in
only one direction.

The directional tool for coiled tubing drilling accord-
ing to claim 16, characterized in that an output joint
(47)is fixedly connected to alower end of the rotating
cylinder (42) for connecting to the downhole drilling
tool, a sealing joint (44) being arranged between the
output joint and the mechanical transmission shell,
and

the sealing jointis fixed connected to the mechanical
transmission shell, and engages with both the rotat-
ing cylinder and the output joint through a thrust
bearing (43), wherein a rotary sealing ring (46) is
arranged between the output joint and the sealing
joint, in order to ensure a rotary seal therebetween.

The directional tool for coiled tubing drilling accord-
ing to any one of claims 1 to 21, characterized in
that a length of the directional tool for coiled tubing
drilling ranges from 3.6 to 4 meters.
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