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Description

BACKGROUND

1. Field of the Disclosure

[0001] This disclosure relates generally to drilling di-
rectional wellbores.

2. Background of the Art

[0002] Wellbores or wells (also referred to as bore-
holes) are drilled in subsurface formations for the pro-
duction of hydrocarbons (oil and gas) using a drill string
that includes a drilling assembly (commonly referred to
as a "bottomhole assembly" or "BHA") attached to a drill
pipe bottom. A drill bit attached to the bottom of the drilling
assembly is rotated by rotating the drill string from the
surface and/or by a drive, such as a mud motor, in the
drilling assembly. A common method of drilling curved
sections and straight sections of wellbores (directional
drilling) utilizes a fixed bend (also referred to as adjust-
able kick-off or "AKO") mud motor to provide a selected
bend or tilt to the drill bit to form curved sections of wells.
To drill a curved section, the drill string rotation from the
surface is stopped, the bend of the AKO is directed into
the desired build direction and the drill bit is rotated by
the mud motor. Once the curved section is complete, the
drilling assembly, including the bend, is rotated from the
surface to drill a straight section. Such methods produce
uneven boreholes. The borehole quality degrades as the
tilt or bend is increased, causing effects like spiraling of
the borehole. Other negative borehole quality effects at-
tributed to the rotation of bent assemblies include drilling
of over-gauge boreholes, borehole breakouts, and
weight transfer. Such apparatus and methods also in-
duce high stress and vibrations on the mud motor com-
ponents compared to drilling assembles without an AKO
and create high friction between the drilling assembly
and the wellbore due to the bend contacting the inside
of the wellbore as the drilling assembly rotates. Conse-
quently, the maximum build rate is reduced by reducing
the angle of the bend of the AKO to reduce the stresses
on the mud motor and other components in the drilling
assembly. Such methods result in additional time and
expenses to drill such wellbores. Therefore, it is desirable
to provide drilling assemblies and methods for drilling
curved wellbore sections and straight sections without a
fixed bend in the drilling assembly to reduce stresses on
the drilling assembly components and utilizing various
downhole sensors control drilling of the wellbore.
US2007/163810A1 discloses a prior art apparatus hav-
ing the features of the preamble of claim 1. US4442908A
discloses another prior art apparatus for drilling a well-
bore.
[0003] The disclosure herein provides apparatus and
methods for drilling a wellbore, wherein the drilling as-
sembly includes a deflection device that allows (or self-

adjusts) a lower section of the drilling assembly connect-
ed to a drill bit to tilt or bend relative to an upper section
of the drilling assembly when the drilling assembly is sub-
stantially rotationally stationary for drilling curved well-
bore sections and straightens the lower section of the
drilling assembly when the drilling assembly is rotated
for drilling straight or relatively straight wellbore sections.
Various sensors provide information about parameters
relating to the drilling assembly direction, deflection de-
vice, drilling assembly behavior, and/or the subsurface
formation that is the drilling assembly drills through that
may be used to drill the wellbore along a desired direction
and to control various operating parameters of the de-
fection device, drilling assembly and the drilling opera-
tions.

SUMMARY

[0004] In one aspect, an apparatus for drilling a well-
bore is provided according to claim 1.
[0005] In another aspect, a method for drilling a well-
bore is provided according to claim 8.
[0006] Examples of the more important features of a
drilling apparatus have been summarized rather broadly
in order that the detailed description thereof that follows
may be better understood, and in order that the contri-
butions to the art may be appreciated. There are addi-
tional features that will be described hereinafter and
which will form the subject of the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] For a detailed understanding of the apparatus
and methods disclosed herein, reference should be
made to the accompanying drawings and the detailed
description thereof, wherein like elements are generally
given same numerals and wherein:

FIG. 1 shows a drilling assembly in a curved section
of a wellbore that includes a deflection device or
mechanism for drilling curved and straight sections
of the wellbore, according to one non-limiting em-
bodiment of the disclosure;
FIG. 2 shows a non-limiting embodiment of the de-
flection device of the drilling assembly of FIG. 1 when
a lower section of the drilling assembly is tilted rela-
tive to an upper section;
FIG. 3 shows the deflection device of the drilling as-
sembly of FIG. 2 when the lower section of the drilling
assembly is straight relative the upper section;
FIG. 4 shows a non-limiting embodiment of a deflec-
tion device that includes a force application device
that initiates the tilt in a drilling assembly, such as
the drilling assembly shown in FIG. 1;
FIG. 5 shows a non-limiting embodiment of a hydrau-
lic device that initiates the tilt in a drilling assembly,
such as the drilling assembly shown in FG. 1;
FIGS. 6A and 6B show certain details of a dampener,
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such as the dampener shown in FIGS. 2-5 to reduce
or control the rate of the tilt of the drilling assembly;
FIG. 7 shows a non-limiting embodiment of a deflec-
tion device that includes a sealed hydraulic section
and a predefined minimum tilt of the lower section
relative to the upper section;
FIG. 8 shows the deflection device of FIG. 7 with the
maximum tilt;
FIG. 9 is a 90 degree rotated view of the deflection
device of FIG. 7 showing a sealed hydraulic section
with a lubricant therein that provides lubrication to
the seals of the deflection device shown in FIG. 7
FIG. 10 shows a 90 degree rotated view of the de-
flection device of FIG. 9 that further includes flexible
seals to isolate the seals shown in FIG. 9 from the
outside environment;
FIG. 11 shows the deflection device of FIG. 9 that
includes a locking device that prevents a pin or hinge
member of the deflection device from rotating;
FIG. 12 shows the deflection device of FIG 11 that
includes a device that reduces friction between a pin
or hinge member of the deflection device and a mem-
ber or surface of the lower section that moves about
the pin;
FIG. 13 shows the deflection device of FIG. 7 that
includes sensors that provide measurements relat-
ing to the tilt of the lower section of the drilling as-
sembly with respect to the upper section and sensors
that provide measurements relating to force applied
by the lower section on the upper section during drill-
ing of wellbores;
FIG. 14 shows the deflection device of FIG. 7 show-
ing a non-limiting embodiment relating to placement
of sensors relating to directional drilling and drilling
assembly parameters;
FIG. 15 shows the deflection device of FIG. 7 that
includes a device for generating electrical energy
due to vibration or motion in the drilling assembly
during drilling of the wellbore; and
FIG. 16 shows an exemplary drilling system with a
drill string conveyed in a wellbore that includes a
drilling assembly with a deflection device made ac-
cording an embodiment of this disclosure.

DETAILED DESCRIPTION

[0008] In aspects, the disclosure herein provides a drill-
ing assembly or BHA for use in a drill string for directional
drilling (drilling of straight and curved sections of a well-
bore) that includes a deflection device that initiates a tilt
to enable drilling of curved sections of wellbores and
straightens itself to enable drilling of straight (vertical and
tangent) sections of the wellbores. Such a drilling assem-
bly allows drilling of straight sections when the drilling
assembly is rotated and allows drilling of curved sections
when the drilling assembly is stationary while the drill bit
is rotated with the downhole drive. In aspects, directional
drilling is achieved by using a self-adjusting "articulation

j oint" (also referred to herein as a "pivotal connection",
"hinge device" or "hinged" device) to allow a tilt in the
drilling assembly when the drill string and thus the drilling
assembly is stationary and optionally using a dampener
to maintain the drilling assembly straight when the drilling
assembly is rotated. In other aspects a force application
device, such as a spring or a hydraulic device, may be
utilized to initiate or assist the tilt by applying a force into
a hinged direction. In another aspect, the hinge device
or hinged device is sealed from the outside environment
(i.e., drilling fluid flowing through the drive, the wellbore,
and/or the wellbore annulus). The hinge, about which a
lower section of the drilling assembly having a drill bit at
the end thereof tilts relative to an upper section of the
drilling assembly, maybe sealed to exclude contami-
nants, abrasive, erosive fluids from relatively moving
members. The term "upper section" of the drilling assem-
bly is means the part of the drilling assembly that is lo-
cated uphole of the hinge device and the term "lower
section" of the drilling assembly is used for the part of
the drilling assembly that is located downhole of the hinge
device. In another aspect, the deflection device includes
a stop that maintains the lower section at a small tilt (for
example, about 0.05 degree or greater) to facilitate initi-
ation of the tilt of the lower section relative to the upper
section when the drill string is stationary. In another as-
pect, the stop may allow the lower section to attain a
straight position relative to the upper section when the
drill string is rotated. In another aspect, the deflection
device incudes another stop that defines the maximum
tilt of the lower section relative to the upper section. The
drilling system utilizing the drilling assembly described
herein further includes one or more sensors that provide
information or measurements relating to one or more pa-
rameters of interest, such as directional parameters, in-
cluding, but not limited to, tool face inclination, and azi-
muth of at least a part of the drilling assembly. The term
"tool face" is an angle between a point of interest such
as a direction to which the deflection device points and
a reference. The term "high side" is such a reference
meaning the direction in a plane perpendicular about the
tool axis where the gravitation is the lowest (negative
maximum). Other references, such as "low side" and
"magnetic north" may also be utilized. Other embodi-
ments may include: sensors that provide measurements
relating to the tilt and tilt rate in the deflection device;
sensors that provide measurement relating to force ap-
plied by the lower section onto the upper section; sensors
that provide information about behavior of the drilling as-
sembly and the deflection device; and devices (also re-
ferred to as energy harvesting devices) that may utilize
electrical energy harvested from motion (e.g. vibration)
in the deflection device. A controller in the drilling assem-
bly and/or at the surface determines one or more param-
eters from the sensor measurements and may be con-
figured to communicate such information in real time via
a suitable telemetry mechanism to the surface to enable
an operator (e.g. an automated drilling controller or a
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human operator) to control the drilling operations, includ-
ing, but not limited to, selecting the amount and direction
of the tilt of the drilling assembly and thus the drill bit;
adjusting operating parameters, such as weight applied
on the drilling assembly, and drilling fluid pump rate. A
controller in the drilling assembly and/or at the surface
also may cause the drill bit to point along a desired di-
rection with the desired tilt in response to one or more
determined parameters of interest.
[0009] In other aspects, a drilling assembly made ac-
cording to an embodiment of the disclosure: reduces
wellbore spiraling, reduces friction between the drilling
assembly and the wellbore wall during drilling of straight
sections; reduces stress on components of the drilling
assembly, including, but not limited to, a downhole drive
(such as a mud motor, an electric drive, a turbine, etc.),
and allows for easy positioning of the drilling assembly
for directional drilling. For the purpose of this disclosure,
the term stationary means to include rotationally station-
ary (not rotating) or rotating at a relatively small rotational
speed (rpm), or angular oscillation between maximum
and minimum angular positions (also referred to as "tool-
face fluctuations"). Also, the term "straight" as used in
relation to a wellbore or the drilling assembly includes
the terms "straight", "vertical" and "tangent" and further
includes the phrases "substantially straight", "substan-
tially vertical" or "substantially tangent". For example, the
phrase "straight wellbore section" or "substantially
straight wellbore section" will mean to include any well-
bore section that is "perfectly straight" or a section that
has a relatively small curvature as described above and
in more detail later.
[0010] FIG. 1 shows a drilling assembly 100 in a curved
section of a wellbore 101. The drilling assembly 100 in-
cludes a deflection device (also referred herein as a flex-
ible device or a deflection mechanism) 120 for drilling
curved and straight sections of the wellbore 101. The
drilling assembly 100 further includes a downhole drive
or drive, such as a mud motor 140, having a stator 141
and rotor 142. The rotor 142 is coupled to a transmission,
such as a flexible shaft 143 that is coupled to another
shaft 146 (also referred to as the "drive shaft") disposed
in a bearing assembly 145. The shaft 146 is coupled to
a disintegrating device, such as drill bit 147. The drill bit
147 rotates when the drilling assembly 100 and/or the
rotor 142 of the mud motor 140 rotates due to circulation
of a drilling fluid, such as mud, during drilling operations.
In other embodiments, the downhole drive may include
any other device that can rotate the drill bit 147, including,
but not limited to an electric motor and a turbine. In certain
other embodiments, the disintegrating device may in-
clude any another device suitable for disintegrating the
rock formation, including, but not limited to, an electric
impulse device (also referred to as electrical discharge
device). The drilling assembly 100 is connected to a drill
pipe 148, which is rotated from the surface to rotate the
drilling assembly 100 and thus the drilling assembly 100
and the drill bit 147. In the particular drilling assembly

configuration shown in FIG. 1, the drill bit 147 may be
rotated by rotating the drill pipe 148 and thus the drilling
assembly 100 and/or the mud motor 140.
The rotor 142 rotates the drill bit 147 when a fluid is cir-
culated through the drilling assembly 100. The drilling
assembly 100 further includes a deflection device 120
having an axis 120a that may be perpendicular to an axis
100a of the upper section of the drilling assembly 100.
In FIG. 1 the deflection device 120 is below the mud motor
140 and coupled to a lower section, such as housing or
tubular 160 disposed over the bearing assembly 145. In
various embodiments of the deflection device 120 dis-
closed herein, the housing 160 tilts a selected or known
amount along a selected or known plane defined by the
axis of the upper section of the drilling assembly 110a
and the axis of the lower section of the drilling assembly
100b in FIG. 1) to tilt the drill bit 147 along the selected
plane, which allows drilling of curved borehole sections.
As described later in reference to FIGS. 2-6, the tilt is
initiated when the drilling assembly 100 is stationary (not
rotating) or substantially rotationally stationary. The
curved section is then drilled by rotating the drill bit 147
by the mud motor 140 without rotating the drilling assem-
bly 100. The deflection device 120 straightens when the
drilling assembly is rotated, which allows drilling of
straight wellbore sections. Thus, in aspects, the deflec-
tion device 120 allows a selected tilt in the drilling assem-
bly 100 that enables drilling of curved sections along de-
sired wellbore paths when the drill pipe 148 and thus the
drilling assembly 100 is rotationally stationary or substan-
tially rotationally stationary and the drill bit 147 is rotated
by the drive 140. However, when the drilling assembly
100 is rotated, such as by rotating the drill pipe 148 from
the surface, the tilt straightens and allows drilling of
straight borehole sections, as described in more detail in
reference to FIGS. 2-9. In one embodiment, a stabilizer
150 is provided below the deflection device 120 (between
the deflection device 120 and the drill bit 147) that initiates
a bending moment in the deflection device 120 and also
maintains the tilt when the drilling assembly 100 is not
rotated and a weight on the drill bit is applied during drill-
ing of the curved borehole sections. In another embodi-
ment a stabilizer 152 may be provided above the deflec-
tion device 120 in addition to or without the stabilizer 150
to initiate the bending moment in the deflection device
120 and to maintain the tilt during drilling of curved well-
bore sections. In other embodiments, more than one sta-
bilizer may be provided above and/or below the deflection
device 120. Modeling may be performed to determine
the location and number of stabilizers for optimum oper-
ation. In other embodiments, an additional bend may be
provided at a suitable location above the deflection de-
vice 120, which may include, but not limited to, a fixed
bend, a flexible bend a deflection device and a pin or
hinge device.
[0011] FIG. 2 shows a non-limiting embodiment of a
deflection device 120 for use in a drilling assembly, such
as the drilling assembly 100 shown in FIG. 1. According

5 6 



EP 3 519 663 B1

5

5

10

15

20

25

30

35

40

45

50

55

to the invention, the deflection device 120 includes a pivot
member comprising a pin 210 having an axis 212 that
may be perpendicular to the longitudinal axis 214 of the
drilling assembly 100, about which the housing 270 of a
lower section 290 of the drilling assembly 100 tilts or in-
clines a selected amount relatively to the upper section
(part of an upper section) about the plane defined by the
axis 212. The housing 270 tilts between a substantially
straight end stop 282 and an inclined end stop 280 that
defines the maximum tilt. When the housing 270 of the
lower section 290 is tilted in the opposite direction, the
straight end stop 282 defines the straight position of the
drilling assembly 100, where the tilt is zero or alternatively
a substantially straight position when the tilt is relatively
small but greater than zero, such as about 0.2 degrees
or greater. Such a tilt can aid in initiating the tilt of the
lower section 290 of the drilling assembly 100 for drilling
curved sections when the drilling assembly is rotationally
stationary. The housing 270 tilts along a particular plane
or radial direction as defined by the pin axis 212. One or
more seals, such as seal 284, provided between the in-
side of the housing 270 and another member of the drill-
ing assembly 100 seals the inside section of the housing
270 below the seal 284 from the outside environment,
such as the drilling fluid.
[0012] Still referring to FIGS. 1 and 2, when a weight
on the bit 147 is applied and drilling progresses while the
drill pipe 148 is substantially rotationally stationary, it will
initiate a tilt of the housing 270 about the pin axis 212 of
the pin 210. The drill bit 147 and/or the stabilizer 150
below the deflection device 120 initiates a bending mo-
ment in the deflection device 120 and also maintains the
tilt when the drill pipe 148 and thus the drilling assembly
100 is substantially rotationally stationary and a weight
on the drill bit 147 is applied during drilling of the curved
wellbore sections. Similarly, stabilizer 152, in addition to
or without the stabilizer 150 and the drill bit, may also
determine the bending moment in the deflection device
120 and maintains the tilt during drilling of curved well-
bore sections. Stabilizers 150 and 152 may be rotating
or non-rotating devices. In one non-limiting embodiment,
a dampening device or dampener 240 may be provided
to reduce or control the rate of the tilt variation when the
drilling assembly 100 is rotated. In one non-limiting em-
bodiment, the dampener 240 may include a piston 260
and a compensator 250 in fluid communication with the
piston 260 via a line 260a to reduce, restrict or control
the rate of the tilt variation. Applying a force F1 on the
housing 270 will cause the housing 270 and thus the
lower section 290 to tilt about the pin axis 212. Applying
a force F1’ opposite to the direction of force F1 on the
housing 270 causes the housing 270 and thus the drilling
assembly 100 to straighten or to tilt into the opposite di-
rection of force F1’. The dampener may also be used to
stabilize the straightened position of the housing 270 dur-
ing rotation of the drilling assembly 100 from the surface.
The operation of the dampening device 240 is described
in more detail in reference to FIGS. 6A and 6B. Any other

suitable device, however, may be utilized to reduce or
control the rate of the tilt variation of the drilling assembly
100 about the pin 210.
[0013] Referring now to FIGS. 1-3, when the drill pipe
148 is substantially rotationally stationary (not rotating)
and a weight is applied on the drill bit 147 while the drilling
is progressing, the deflection device will initiate a tilt of
the drilling assembly 100 at the pivot 210 about the pivot
axis 212. The rotating of the drill bit 147 by the downhole
drive 140 will cause the drill bit 147 to initiate drilling of
a curved section. As the drilling continues, the continuous
weight applied on the drill bit 147 will continue to increase
the tilt until the tilt reaches the maximum value defined
by the inclined end stop 280. Thus, in one aspect, a
curved section may be drilled by including the pivot 210
in the drilling assembly 100 with a tilt defined by the in-
clined end stop 280. If the dampening device 240 is in-
cluded in the drilling assembly 100 as shown in FIG. 2,
tilting the drilling assembly 100 about the pivot 210 will
cause the housing 270 in section 290 to apply a force F1
on the piston 260, causing a fluid 261, such as oil, to
transfer from the piston 260 to the compensator 250 via
a conduit or path, such as line 260a. The flow of the fluid
261 from the piston 260 to the compensator 250 may be
restricted to reduce or control the rate of the tilt variation
and avoid sudden tilting of the lower section 290, as de-
scribed in more detail in reference to FIGS. 6A and 6B.
In the particular illustrations of FIGS. 1 and 2, the drill bit
147 will drill a curved section upward. To drill a straight
section after drilling the curved section, the drilling as-
sembly 100 may be rotated 180 degrees to remove the
tilt and then later rotated from the surface to drill the
straight section. However, when the drilling assembly
100 is rotated, based on the positions of the stabilizers
150 and/or 152 or other wellbore equipment between the
deflection device 120 and the drill bit 147 and in contact
with the wellbore wall, bending forces in the wellbore act
on the housing 270 and exert forces in opposite direction
to the direction of force F1, thereby straightening the
housing 270 and thus the drilling assembly 100, which
allows the fluid 261 to flow from the compensator 250 to
the piston 260 causing the piston to move outwards. Such
fluid flow may or may not be restricted, which allows the
housing 270 and thus the lower section 290 to straighten
rapidly (without substantial delay). The outward move-
ment of the piston 260 may be supported by a spring,
positioned in force communication with the piston 260,
the compensator 250, or both. The straight end stops
282 restricts the movement of the member 270, causing
the lower section 290 to remain straight as long as the
drilling assembly 100 is being rotated. Thus, the embod-
iment of the drilling assembly 100 shown in FIGS. 1 and
2 provides a self-initiating tilt when the drilling assembly
120 is stationary (not rotated) or substantially stationary
and straightens itself when the drilling assembly 100 is
rotated. Although the downhole drive 140 shown in FIG.
1 is shown to be a mud motor, any other suitable drive
may be utilized to rotate the drill bit 147. FIG. 3 shows
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the drilling assembly 100 in the straight position, wherein
the housing 270 rests against the straight end stop 282.
[0014] FIG. 4 shows another non-limiting embodiment
of a deflection device 420 that includes a force application
device, such as a spring 450, that continually exerts a
radially outward force F2 on the housing 270 of the lower
section 290 to provide or initiate a tilt to the lower section
290. In one embodiment, the spring 450 may be placed
between the inside of the housing 270 and a housing 470
outside the transmission 143 (FIG. 1). In this embodi-
ment, the spring 450 causes the housing 270 to tilt radially
outward about the pivot 210 up to the maximum bend
defined by the inclined end stop 280. When the drilling
assembly 100 is stationary (not rotating) or substantially
rotationally stationary, a weight on the drill bit 147 is ap-
plied and the drill bit is rotated by the downhole drive 140,
the drill bit 147 will initiate the drilling of a curved section.
As drilling continues, the tilt increases to its maximum
level defined by the inclined end stop 280. To drill a
straight section, the drilling assembly 100 is rotated from
the surface, which causes the borehole to apply force F3
on the housing 270, compressing the spring 450 to
straighten the drilling assembly 100. When the spring
450 is compressed by application of force F3, the housing
270 relieves pressure on the piston 260, which allows
the fluid 261 from the compensator 250 to flow through
line 262 back to piston 260 without substantial delay as
described in more detail in reference to FIGS. 6A and 6B.
[0015] FIG. 5 shows a non-limiting embodiment of a
hydraulic force application device 540 to initiate a select-
ed tilt in the drilling assembly 100. In one non-limiting
embodiment, the hydraulic force application device 540
includes a piston 560 and a compensation device or com-
pensator 550. The drilling assembly 100 also may include
a dampening device or dampener, such as dampener
240 shown in FIG. 2. The dampening device 240 includes
a piston 260 and a compensator 250 shown and de-
scribed in reference to FIG. 2. The hydraulic force appli-
cation device 540 may be placed 180 degrees from de-
vice 240. The piston 560 and compensator 550 are in
hydraulic communication with each other. During drilling,
a fluid 512a, such as drilling mud, flows under pressure
through the drilling assembly 100 and returns to the sur-
face via an annulus between the drilling assembly 100
and the wellbore as shown by fluid 512b. The pressure
P1 of the fluid 512a in the drilling assembly 100 is greater
(typically 20-50 bars) than the pressure P2 of the fluid
512b in the annulus. When fluid 512a flows through the
drilling assembly 100, pressure P1 acts on the compen-
sator 550 and correspondingly on the piston 560 while
pressure P2 acts on compensator 250 and correspond-
ingly on piston 260. Pressure P1 being greater than pres-
sure P2 creates a differential pressure (P1 - P2) across
the piston 560, which pressure differential is sufficient to
cause the piston 560 to move radially outward, which
pushes the housing 270 outward to initiate a tilt. A re-
strictor 562 may be provided in the compensator 550 to
reduce or control the rate of the tilt variation as described

in more detail in reference to FIGS. 6A and 6B. Thus,
when the drill pipe 148 is substantially rotationally sta-
tionary (not rotating), the piston 560 slowly bleeds the
hydraulic fluid 561 through the restrictor 562 until the full
tilt angle is achieved. The restrictor 562 may be selected
to create a high flow resistance to prevent rapid piston
movement which may be present during tool face fluctu-
ations of the drilling assembly to stabilize the tilt. The
differential pressure piston force is always present during
circulation of the mud and the restrictor 562 limits the
rate of the tilt. When the drilling assembly 100 is rotated,
bending moments on the housing 270 force the piston
560 to retract, which straightens the drilling assembly
100 and then maintains it straight as long as the drilling
assembly 100 is rotated. The dampening rate of the
dampening device 240 may be set to a higher value than
the rate of the device 540 in order to stabilize the straight-
ened position during rotation of the drilling assembly 100.
[0016] FIGS. 6A and 6B show certain details of the
dampening device 600, which is the same as device 240
in FIGS. 2, 4 and 5. Referring to FIG. 2 and FIGS. 6A
and 6B, when the housing 270 applies force F1 on the
piston 660, it moves a hydraulic fluid (such as oil) from
a chamber 662 associated with the piston 660 to a cham-
ber 652 associated with a compensator 620, as shown
by arrow 610. A restrictor 611 restricts the flow of the
fluid from the chamber 662 to chamber 652, which in-
creases the pressure between the piston 660 and the
restrictor 611, thereby restricting or controlling the rate
of the tilt. As the hydraulic fluid flow continues through
the restrictor 611, the tilt continues to increase to the
maximum level defined by the end inclination stop 280
shown and described in reference to FIG. 2. Thus, the
restrictor 611 defines the rate of the tilt variation. Refer-
ring to FIG. 6B, when force F1 is released from the hous-
ing 270, as shown by arrow F4, force F5 on compensator
620 moves the fluid from chamber 652 back to the cham-
ber 662 of piston 660 via a check valve 612, bypassing
the restrictor 611, which enables the housing 270 to move
to its straight position without substantial delay. A pres-
sure relief valve 613 may be provided as a safety feature
to avoid excessive pressure beyond the design specifi-
cation of hydraulic elements.
[0017] FIG. 7 shows an alternative embodiment of a
deflection device 700 that may be utilized in a drilling
assembly, such as drilling assembly 100 shown in FIG.
1. The deflection device 700 incudes a pin 710 with a pin
axis 714 perpendicular to the tool axis 712. The pin 710
is supported by a support member 750. The deflection
device 700 is connected to a lower section 790 of a drilling
assembly and includes a housing 770. The housing 770
includes an inner curved or spherical surface 771 that
moves over an outer mating curved or spherical surface
751 of the support member 750. The deflection device
700 further includes a seal 740 mechanism to separate
or isolate a lubricating fluid (internal fluid) 732 from the
external pressure and fluids (fluid 722a inside the drilling
assembly and fluid 722b outside the drilling assembly).
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In one embodiment, the deflection device 700 includes
a groove or chamber 730 that is open to and communi-
cates the pressure of fluid 722a or 722b to a lubricating
fluid 732 via a movable seal to an internal fluid chamber
734 that is in fluid communication with the surfaces 751
and 771. A floating seal 735 provides pressure compen-
sation to the chamber 734. A seal 772 placed in a groove
774 around the inner surface 771 of the housing 770
seals or isolates the fluid 732 from the outside environ-
ment. Alternatively, the seal member 772 may be placed
inside a groove around the outer surface 751 of the sup-
port member 750. In these configurations, the center
770c of the surface 771 is same or about the same as
the center 710c of the pin 710. In the embodiment of FIG.
7, when the lower section 790 tilts about the pin 710, the
surface 771 along with the seal member 772 moves over
the surface 751. If the seal 772 is disposed inside the
surface 751, then the seal member 772 will remain sta-
tionary along with the support member 750. The seal
mechanism 740 further includes a seal that isolates the
lubrication fluid 732 from the external pressure and ex-
ternal fluid 722b. In the embodiment shown in FIG. 7,
this seal includes an outer curved or circular surface 791
associated with the lower section 790 that moves under
a fixed mating curved or circular surface 721 of the upper
section 720. A seal member, such as an O-ring 724,
placed in a groove 726 around the inside of the surface
721 seals the lubricating fluid 732 from the outside pres-
sure and fluid 722b. When the lower section tilts about
the pin 710, the surface 791 moves under the surface
721, wherein the seal 724 remains stationary. Alterna-
tively, the seal 724 may be placed inside the outer surface
791 and in that case, such a seal will move along with
the surface 791. Thus, in aspects, the disclosure provides
a sealed deflection device, wherein the lower section of
a drilling assembly, such as section 790, tilts about sealed
lubricated surfaces relative to the upper section, such as
section 720. In one embodiment, the lower section 790
may be configured that enables the lower section 790 to
attain perfectly straight position relative to the upper sec-
tion 720. In such a configuration, the tool axis 712 and
the axis 717 of the lower section 790 will align with each
other. In another embodiment, the lower section 790 may
be configured to provide a permanent minimum tilt of the
lower section 790 relative to the upper section, such as
tilt Amin shown in FIG. 7. Such a tilt can aid the lower
section to tilt from the initial position of tilt Amin to a de-
sired tilt compared to a no initial tilt of the lower section.
As an example, the minimum tilt may be 0.2 degree or
greater may be sufficient for a majority of drilling opera-
tions.
[0018] FIG. 8 shows the deflection device 700 of FIG.
7 when the lower section 790 has attained a full or max-
imum tilt or tilt angle Amax. In one embodiment, when the
lower section 790 continues to tilt about the pin 210, a
surface 890 of the lower section 790 is stopped by a
surface 820 of the upper section 720. The gap 850 be-
tween the surfaces 890 and 820 defines the maximum

tilt angle Amax. A port 830 is provided to fill the chamber
733 with the lubrication fluid 732. In one embodiment a
pressure communication port 831 is provided for to allow
pressure communication of fluid 722b outside the drilling
assembly with the chamber 730 and the pressure of the
internal fluid chamber 734 via the floating seal 735. In
FIG. 8, shoulder 820 acts as the tilt end stop. The internal
fluid chamber 734 may also be used as a dampening
device. The dampener device uses fluid present at the
gap 850 as displayed in FIG. 8 in a maximum tilt position
defined by the maximum tilt angle Amax being forced or
squeezed from the gap 850 when the tilt is reduced to-
wards Amin. Suitable fluid passages are designed to en-
able and restrict flow between both sides of the gap 850
and other areas of the fluid chamber 734 that exchange
fluid volume by movement of the deflection device. To
support the dampening, suitable seals, gap dimensions
or labyrinth seals may be added. The lubricating fluid 732
properties in terms of density and viscosity can be se-
lected to adjust the dampening parameters.
[0019] FIG. 9 is a 90 degree rotated view of the deflec-
tion device 700 of FIG. 7 showing a sealed hydraulic sec-
tion 900 of the deflection device 700. In one non-limiting
embodiment, the sealed hydraulic section 900 includes
a reservoir or chamber 910 filled with a lubricant 920 that
is in fluid communication with each of the seals in the
deflection device 700 via certain fluid flow paths. In FIG.
9, a fluid path 932a provides lubricant 920 to the outer
seal 724, fluid path 932b provides lubricant 920 to a sta-
tionary seal 940 around the pin 710 and a fluid flow path
932c provides lubricant 920 to the inner seal 772. In the
configuration of FIG. 9, seal 772 isolates the lubricant
from contamination from the drilling fluid 722a flowing
through the drilling assembly and from pressure P1 of
the drilling fluid 722a inside the drilling assembly that is
higher than pressure P2 on the outside of the drilling as-
sembly during drilling operations. Seal 724 isolates the
lubricant 920 from contamination by the outer fluid 722b.
In one embodiment seal 724 may be a bellows seal. The
flexible bellows seal may be used as a pressure com-
pensation device (instead of using a dedicated device,
such as a floating seal 735 as described in reference to
FIGS. 7 and 8) to communicate the pressure from fluid
722b to the lubricant 920. Seal 725 isolates the lubricant
920 from contamination by the outer fluid 722b and
around the Pin 710. Seal 725 allows differential move-
ment between the pin 710 and the lower section member
790. Seal 725 is also in fluid communication with the lu-
bricant 920 through fluid flow path 932c. Since the pres-
sure between fluid 722b and the lubricant 920 is equal-
ized through seal 724, the pin seal 725 does not isolate
two pressure levels, enabling longer service life for a dy-
namic seal function, such as for seal 725.
[0020] FIG. 10 shows the deflection device 700 of FIG.
7 that may be configured to include one or more flexible
seals to isolate the dynamic seals 724 and 772 from the
drilling fluid. A flexible seal is any seal that expands and
contracts as the lubricant volume inside such a seal re-
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spectively increases and decreases and one that allows
for the movement between parts that are desired to be
sealed.. Any suitable flexible may be utilized, including,
but not limited to, a bellow seal, and a flexible rubber
seal. In the configuration of FIG. 10, a flexible seal 1020
is provided around the dynamic seal 724 that isolates the
seal 724 from fluid 722b on the outside of the drilling
assembly. A flexible seal 1030 is provided around the
dynamic seal 772 that protects the seal 772 from the fluid
722a inside the drilling assembly. A deflection device
made according to the disclosure herein may be
configured: ; a single seal, such as seal 772, that isolates
the fluid flowing through the drilling assembly inside and
its pressure from the fluid on the outside of the drilling
assembly; a second seal, such as seal 724, that isolates
the outside fluid from the inside fluid or components of
the deflection device 700; one or more flexible seals to
isolate one or more other seals, such as the dynamic
seals 724 and 772; and a lubricant reservoir, such as
reservoir 920 (FIG. 9) enclosed by at least two seals to
lubricate the various seals of the deflection device 700.
[0021] FIG. 11 shows the deflection device of FIG. 9
that includes a locking device to prevent the pin or hinge
member 710 of the deflection device from rotating. In the
configuration of FIG. 11, a locking member 1120 may be
placed between the pin 710 and a member or element
of the non-moving member 720 of the drilling assembly.
The locking member 1120 may be a keyed element or
member, such as a pin, that prevents rotation of the pin
710 when the lower section 790 tilts or rotates about the
pin 710. Any other suitable device or mechanism also
may be utilized as the locking device, including, but not
limited to, a friction and adhesion devices.
[0022] FIG. 12 shows the deflection device 700 of FIG
10 that includes a friction reduction device 1220 between
the pin or hinge member 710 of the deflection device 700
and a member or surface 1240 of the lower section 790
that moves about the pin 710. The friction reduction de-
vice 1220 may be any device that reduces friction be-
tween moving members, including, but not limited to
bearings.
[0023] FIG. 13 shows the deflection device 700 of FIG.
7 that in one aspect includes a sensor 1310 that provides
measurements relating to the tilt or tilt angle of the lower
section 790 relative to the upper section 710. In one non-
limiting embodiment, sensor 1310 (also referred herein
as the tilt sensor) may be placed along, about or at least
partially embedded in the pin 710. Any suitable sensor
may be used as sensor 1310 to determine the tilt or tilt
angle, including, but not limited to, an angular sensor, a
hall-effect sensor, a magnetic sensor, and contact or tac-
tile sensor. Such sensors may also be used to determine
the rate of the tilt variation. If such a sensor includes two
components that face each other or move relative to each
other, then one such component may be placed on, along
or embedded in an outer surface 710a of the pin 710 and
the other component may be placed on, along or embed-
ded on an inside 790a of the lower section 790 that moves

or rotates about the pin 710. In another aspect, a distance
sensor 1320 may be placed, for example, in the gap 1340
that provides measurements about the distance or length
of the gap 1340. The gap length measurement may be
used to determine the tilt or the tilt angle or the rate of
the tilt variation. Additionally, one or more sensors 1350
may be placed in the gap 1340 to provide signal relating
to the presence of contact between and the amount of
the force applied by the lower section 790 on the upper
section 720.
[0024] FIG. 14 shows the deflection device 700 of FIG.
7 that includes sensors 1410 in a section 1440 of the
upper section 720 that provide information about the drill-
ing assembly parameters and the wellbore parameters
that are useful for drilling the wellbore along a desired
well path, sometimes referred to in the art as "geosteer-
ing". Some such sensors may include sensors that pro-
vide measurements relating to parameters such as tool
face, inclination (gravity), and direction (magnetic). Ac-
celerometers, magnetometers, and gyroscopes may be
utilized for such parameters. In addition, a vibration sen-
sor may be located at location 1440. In one non-limiting
embodiment, section 1440 may be in the upper section
720 proximate to the end stop 1445. Sensors 1410, how-
ever, may be located at any other suitable location in the
drilling assembly above or below the deflection device
700 or in the drill bit. In addition, sensors 1450 may be
placed in the pin 710 for providing information about cer-
tain physical conditions of the deflection device 700, in-
cluding, but not limited to, torque, bending and weight.
Such sensors may be placed in and/or around the pin
710 as relevant forces relating to such parameters are
transferred through the pin 710.
[0025] FIG. 15 shows the deflection device 700 of FIG.
7 that includes a device 1510 for generating electrical
energy due deflection dynamics, such as vibration, mo-
tion and strain energy in the defection device 700 and
the drilling assembly. The device 1510 may include, but
is not limited to, piezoelectric crystals, electromagnetic
generator, MEMS device. The generated energy may be
stored in a storage device, such as battery or a capacitor
1520, in the drilling assembly and may be utilized to pow-
er various sensors, electrical circuits and other devices
in the drilling assembly.
[0026] Referring to FIGS. 13-14, signals from sensors
1310, 1320, 1350, 1410, and 1450 may be transmitted
or communicated to a controller or another suitable circuit
in the drilling assembly by hard wire, optical device or
wireless transmission method, including, but limited to,
acoustic, radio frequency and electromagnetic methods.
The controller in the drilling assembly may process the
sensor signals, store such information a memory in the
drilling assembly and/or communicate or transmit in real
time relevant information to a surface controller via any
suitable telemetry method, including, but not limited to,
wired pipe, mud pulse telemetry, acoustic transmission,
and electromagnetic telemetry. The tilt information from
sensor 1310 may be utilized by an operator to control
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drilling direction along a desired or predetermined well
path, i.e. geosteering and to control operating parame-
ters, such as weight on bit. Information about the force
applied by the lower section 790 onto the upper section
720 by sensor 1320 may be used to control the weight
on the drill bit to mitigate damage to the deflection device
700. Torque, bending and weight information from sen-
sors 1450 is relevant to the health of the deflection device
and the drilling process and may be utilized to control
drilling parameter, such as applied and transferred
weight on the drill bit. Information about the pressure in-
side the drilling assembly and in the annuls may be uti-
lized to control the differential pressure around the seals
and thus on the lubricant.
[0027] FIG. 16 is a schematic diagram of an exemplary
drilling system 1600 that may utilize a drilling assembly
1630 that includes a deflection device 1650 described in
reference to FIGS 2-12 for drilling straight and deviated
wellbores. The drilling system 1600 is shown to include
a wellbore 1610 being formed in a formation 1619 that
includes an upper wellbore section 1611 with a casing
1612 installed therein and a lower wellbore section 1614
being drilled with a drill string 1620. The drill string 1620
includes a tubular member 1616 that carries a drilling
assembly 1630 at its bottom end. The tubular member
1616 may be a drill pipe made up by joining pipe sections,
a coiled tubing string, or a combination thereof. The drill-
ing assembly 1630 is shown connected to a disintegrat-
ing device, such as a drill bit 1655, attached to its bottom
end. The drilling assembly 1630 includes a number of
devices, tools and sensors for providing information re-
lating to various parameters of the formation 1619, drilling
assembly 1630 and the drilling operations. The drilling
assembly 1630 includes a deflection device 1650 made
according to an embodiment described in reference to
FIGS. 2-15. In FIG. 16, the drill string 1630 is shown
conveyed into the wellbore 1610 from an exemplary rig
1680 at the surface 1667. The exemplary rig 1680 is
shown as a land rig for ease of explanation. The appa-
ratus and methods disclosed herein may also be utilized
with offshore rigs. A rotary table 1669 or a top drive 1669a
coupled to the drill string 1620 may be utilized to rotate
the drill string 1620 and thus the drilling assembly 1630.
A control unit 1690 (also referred to as a "controller" or
a "surface controller"), which may be a computer-based
system, at the surface 1667 may be utilized for receiving
and processing data received from sensors in the drilling
assembly 1630 and for controlling s drilling operations of
the various devices and sensors in the drilling assembly
1630. The surface controller 1690 may include a proc-
essor 1692, a data storage device (or a computer-read-
able medium) 1694 for storing data and computer pro-
grams 1696 accessible to the processor 1692 for deter-
mining various parameters of interest during drilling of
the wellbore 1610 and for controlling selected operations
of the various devices and tools in the drilling assembly
1630 and those for drilling of the wellbore 1610. The data
storage device 1694 may be any suitable device, includ-

ing, but not limited to, a read-only memory (ROM), a ran-
dom-access memory (RAM), a flash memory, a magnetic
tape, a hard disc and an optical disk. To drill wellbore
1610, a drilling fluid 1679 is pumped under pressure into
the tubular member 1616, which fluid passes through the
drilling assembly 1630 and discharges at the bottom
1610a of the drill bit 1655. The drill bit 1655 disintegrates
the formation rock into cuttings 1651. The drilling fluid
1679 returns to the surface 1667 along with the cuttings
1651 via the annular space (also referred as the "annu-
lus") 1627 between the drill string 1620 and the wellbore
1610.
[0028] Still referring to FIG. 16, the drilling assembly
1630 may further include one or more downhole sensors
(also referred to as the measurement-while-drilling
(MWD) sensors, logging-while-drilling (LWD) sensors or
tools, and sensors described in reference to FIGS. 13-15,
collectively referred to as downhole devices and desig-
nated by numeral 1675, and at least one control unit or
controller 1670 for processing data received from the
downhole devices 1675. The downhole devices 1675 in-
clude a variety of sensors that provide measurements or
information relating to the direction, position, and/or ori-
entation of the drilling assembly 1630 and/or the drill bit
1655 in real time. Such sensors include, but are not lim-
ited to, accelerometers, magnetometers, gyroscopes,
depth measurement sensors, rate of penetration meas-
urement devices. Devices 1675 also include sensors that
provide information about the drill string behavior and the
drilling operations, including, but not limited to, sensors
that provide information about vibration, whirl, stick-slip,
rate of penetration of the drill bit into the formation,
weight-on-bit, torque, bending, whirl, flow rate, temper-
ature and pressure. The devices 1675 further may in-
clude tools or devices that provide measurement or in-
formation about properties of rocks, gas, fluids, or any
combination thereof in the formation 1619, including, but
not limited to, a resistivity tool, an acoustic tool, a gamma
ray tool, a nuclear tool, a sampling or testing tool, a coring
tool, and a nuclear magnetic resonance tool. The drilling
assembly 1630 also includes a power generation device
1686 for providing electrical energy to the various down-
hole devices 1675 and a telemetry system or unit 1688,
which may utilize any suitable telemetry technique, in-
cluding, but not limited to, mud pulse telemetry, electro-
magnetic telemetry, acoustic telemetry and wired pipe.
Such telemetry techniques are known in the art and are
thus not described herein in detail. Drilling assembly
1630, as mentioned above, further includes a deflection
device (also referred to as a steering unit or device) 1650
that enables an operator to steer the drill bit 1655 in de-
sired directions to drill deviated wellbores. Stabilizers,
such as stabilizers 1662 and 1664 are provided along
the steering section1650 to stabilize the section contain-
ing the deflection device 1650 (also referred to as the
steering section) and the rest of the drilling assembly
1630. The downhole controller 1670 may include a proc-
essor 1672, such as a microprocessor, a data storage
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device 1674 and a program 1676 accessible to the proc-
essor 1672. In aspects, the controller 1670 receives
measurements from the various sensors during drilling
and may partially or completely process such signals to
determine one or more parameters of interest and cause
the telemetry system 1688 to transmit some or all such
information to the surface controller 1690. In aspects, the
controller 1670 may determine the location and orienta-
tion of the drilling assembly or the drill bit and send such
information to the surface. Alternatively, or in addition
thereto, the controller 1690 at the surface determines
such parameters from data received from the drilling as-
sembly. An operator at the surface, controller 1670
and/or controller 1690 may orient (direction and tilt) the
drilling assembly along desired directions to drill deviated
wellbore sections in response to such determined or
computed directional parameters. The drilling system
1600, in various aspects, allows an operator to orient the
defection device in any desired direction by orienting the
drilling assembly based on orientation measurement (for
instance relative to north, relative to high side, etc.) that
are determined at the surface from downhole measure-
ments described earlier to drill curved and straight sec-
tions along desired well paths, monitor drilling direction,
and continually adjust orientation as desired in response
to the various parameters sensor determined from the
sensors described herein and to adjust the drilling pa-
rameters to mitigate damage to the components of the
drilling assembly. Such actions and adjustments may be
done automatically by the controllers in the system or by
input from an operator or semi-manually.
[0029] Thus, in certain aspects, the deflection device
includes one or more sensors that provide measure-
ments relating to directional drilling parameters or the
status of the deflection device, such as an angle or angle
rate, a distance or distance rate, both relating to the tilt
or tilt rate. Such a sensor may include, but not limied to,
a bending sensor and an electromagnetic sensor. The
electromagnetic sensor translates the angle change or
the distance change that is related to the tilt change into
a voltage using the induction law or a capacity change.
Either the same sensor or another sensor may measure
drilling dynamic parameters, such as acceleration,
weight on bit, bending, torque, RPM. The deflection de-
vice may also include formation evaluation sensors that
are used to make geosteering decisions, either via com-
munication to the surface or automatically via a downhole
controller. Formation evaluation sensors, such as resis-
tivity, acoustic, nuclear magnetic resonance (NMR), nu-
clear, etc. may be used to identify downhole formation
features, including geological boundaries.
[0030] In certain other aspects, the drilling assemblies
described herein include a deflection device that: (1) pro-
vides a tilt when the drilling assembly is not rotated and
the drill bit is rotated by a downhole drive, such as a mud
motor, to allow drilling of curved or articulated borehole
sections; and (2) the tilt straightens when the drilling as-
sembly is rotated to allow drilling of straight borehole sec-

tions. In one non-limiting embodiment, a mechanical
force application device may be provided to initiate the
tilt. In another non-limiting embodiment, a hydraulic de-
vice may be provided to initiate the tilt. A dampening de-
vice may be provided to aid in maintaining the tilt straight
when the drilling assembly is rotated. A dampening de-
vice may also be provided to support the articulated po-
sition of the drilling assembly when rapid forces are ex-
erted onto the tilt such as during tool face fluctuations.
Additionally, a restrictor may be provided to reduce or
control the rate of the tilt. Thus, in various aspects, the
drilling assembly automatically articulates into a tilted or
hinged position when the drilling assembly is not rotated
and automatically attains a straight or substantially
straight position when the drilling assembly is rotated.
Sensors provide information about the direction (position
and orientation) of the lower drilling assembly in the well-
bore, which information is used to orient the lower section
of the drilling assembly along a desired drilling direction.
A permanent predetermined tilt may be provided to aid
the tilting of the lower section when the drilling assembly
is rotationally stationary. End stops are provided in the
deflection device that define the minimum and maximum
tilt of the lower section relative to the upper section of the
drilling assembly. A variety of sensors in the drilling as-
sembly, including those in or associated with the deflec-
tion device, are used to drill wellbores along desired well
paths and to take corrective actions to mitigate damage
to the components of the drilling assembly. For the pur-
pose of this disclosure, substantially rotationally station-
ary generally means the drilling assembly is not rotated
by rotating the drill string from the surface. The phrase
"substantially rotationally stationary" and the term "sta-
tionary" are considered equivalent. Also, a "straight" sec-
tion is intended to include a "substantially straight" sec-
tion.
[0031] The foregoing disclosure is directed to the cer-
tain exemplary embodiments and methods. Various
modifications will be apparent to those skilled in the art.
It is intended that all such modifications within the scope
of the appended claims be embraced by the foregoing
disclosure. The words "comprising" and "comprises" as
used in the claims are to be interpreted to mean "including
but not limited to".

Claims

1. A drilling assembly (100) for drilling a wellbore, com-
prising:

a drive (140) for rotating a drill bit (147);
a deflection device (120; 700); and
a sensor (1310, 1320, 1350, 1410, 1450) that
provides measurements relating a direction of
the drilling assembly (100) for drilling the well-
bore along a desired direction, wherein
the deflection device (120; 700) enables a lower
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section (290; 790) of the drilling assembly (100)
to tilt within a selected plane when the drilling
assembly (100) is substantially rotationally sta-
tionary to allow drilling of a curved section of the
wellbore when the drill bit (147) is rotated by the
drive (140) and wherein the tilt is reduced when
the drilling assembly (100) is rotated to allow
drilling of a straighter section of the wellbore,
characterised in that the lower section (290;
790) of the drilling assembly (100) tilts about a
pin (210; 710) of a pivotal connection.

2. The drilling assembly of claim 1, further comprising
a controller (1690) that determines a parameter of
interest relating to the direction of the drilling assem-
bly (100) from the measurements provided by the
sensor, wherein, optionally, the parameter of interest
is selected from a group consisting of: inclination;
azimuth; and tool face of at least a part of the drilling
assembly (100).

3. The drilling assembly of claim 1, wherein the deflec-
tion device (120; 700) comprises at least one seal
(284; 724, 735, 740, 772, 940) and, optionally, the
deflection device (710) includes at least two seals
(724... 940) and a lubricant (732, 790) bounded by
the at least two seals (724... 940) to lubricate the at
least two seals (724... 940).

4. The drilling assembly of claim 1, wherein the deflec-
tion device (120; 700) includes a first end stop (282;
820; 1445) that defines a minimum tilt angle of the
lower section (290; 790) relative to an upper section
(720) of the drilling assembly (100).

5. The drilling assembly of claim 4, wherein the mini-
mum angle is greater than zero.

6. The drilling assembly of claim 4, wherein the deflec-
tion device (120; 700) includes a second end stop
(280) that defines the maximum tilt angle of the lower
section (290; 790).

7. The drilling assembly of claim 1 further comprising
a dampener (240; 734) that reduces rate of tilt vari-
ation of the lower section (290; 790) relative to an
upper section (720) when the drilling assembly (100)
is substantially rotationally stationary.

8. A method of drilling a wellbore, comprising:

conveying a drilling assembly (100) in the well-
bore that includes: a drive (140) for rotating a
drill bit (147); a deflection device (120; 700) that
enables a lower section (290; 790) of the drilling
assembly (100) to tilt within a selected plane
when the drilling assembly (100) is substantially
rotationally stationary to allow drilling of a curved

section of the wellbore when the drill bit (147) is
rotated by the drive (140) and wherein the tilt is
reduced when the drilling assembly (100) is ro-
tated to allow drilling of a straighter section of
the wellbore, wherein the lower section (290;
790) tilts about a pin (210; 710) of a pivotal con-
nection; and a sensor (1310... 1450) that pro-
vides measurements relating the direction of the
drilling assembly (100) for drilling the wellbore
along a desired direction;
drilling a straight section of the wellbore by ro-
tating the drilling assembly (100) from a surface
location;
causing the drilling assembly (100) to become
at least substantially rotationally stationary;
determining a parameter of interest relating to a
direction of the drilling assembly (100) in the
wellbore; and
drilling a curved section of the wellbore by the
drive (140) in the drilling assembly (100) in re-
sponse to the determined parameter of interest.

9. The method of claim 8, wherein the parameter of
interest relating to the direction of the drilling assem-
bly (100) is selected from a group consisting of: in-
clination; azimuth; and tool face of at least a part of
the drilling assembly (100).

10. The method of claim 8, further comprising providing
at least one seal (284) in the deflection device (210;
710) and, optionally, providing at least two seals
(284) in the deflection device (210; 710) and a lubri-
cant (732, 790) bounded by the at least two seals
(284) to lubricate the at least two seals (284).

11. The method of 8, wherein a surface of the lower sec-
tion (290; 790) of the drilling assembly (100) moves
about a stationary surface of the pivotal connection.

12. The method of claim 8, further comprising: providing
a first end stop (282; 820; 1445) in the deflection
device (120; 700) that defines a minimum tilt angle
of the lower section (290; 790) of the drilling assem-
bly (100) relative to an upper section (720) of the
drilling assembly (100).

13. The method of claim 12, wherein the minimum angle
is greater than zero.

14. The method of claim 8, further comprising providing
a second end stop (280) in the deflection device (120;
700) that defines the maximum tilt angle of the lower
section (290; 790).

15. The method of claim 8, further comprising: providing
a dampener (240; 734) that reduces rate of tilt vari-
ation of the lower section (290; 790) relative to an
upper section (720) when the drilling assembly (100)
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is substantially rotationally stationary.

Patentansprüche

1. Bohranordnung (100) zum Bohren eines Bohrlochs,
umfassend:

einen Antrieb (140) zum Drehen eines Bohrmei-
ßels (147);
eine Ablenkvorrichtung (120; 700) und
einen Sensor (1310, 1320, 1350, 1410, 1450),
der Messungen bezüglich einer Richtung der
Bohranordnung (100) zum Bohren des Bohr-
lochs entlang einer gewünschten Richtung be-
reitstellt, wobei
die Ablenkvorrichtung (120; 700) ermöglicht,
dass ein unterer Abschnitt (290; 790) der Bohr-
anordnung (100) sich innerhalb einer ausge-
wählten Ebene neigt, wenn die Bohranordnung
(100) im Wesentlichen drehfest ist, um das Boh-
ren eines gekrümmten Abschnitts des Bohr-
lochs zu ermöglichen, wenn der Bohrmeißel
(147) durch den Antrieb (140) gedreht wird, und
wobei die Neigung reduziert wird, wenn die
Bohranordnung (100) gedreht wird, um das
Bohren eines geraderen Abschnitts des Bohr-
lochs zu ermöglichen, dadurch gekennzeich-
net, dass der untere Abschnitt (290; 790) der
Bohranordnung (100) sich um einen Stift (210;
710) einer Schwenkverbindung neigt.

2. Bohranordnung nach Anspruch 1, ferner umfassend
eine Steuerung (1690), die einen Parameter von In-
teresse, der sich auf die Richtung der Bohranord-
nung (100) bezieht, anhand der von dem Sensor be-
reitgestellten Messungen bestimmt, wobei der Pa-
rameter von Interesse optional ausgewählt wird aus
einer Gruppe bestehend aus Neigung, Azimut und
Werkzeugfläche zumindest eines Teils der Bohran-
ordnung (100).

3. Bohranordnung nach Anspruch 1, wobei die Ablenk-
vorrichtung (120; 700) mindestens eine Dichtung
(284; 724, 735, 740, 772, 940) umfasst und die Ab-
lenkvorrichtung (710) optional mindestens zwei
Dichtungen (724... 940) und ein durch die mindes-
tens zwei Dichtungen (724... 940) begrenztes
Schmiermittel (732, 790) zum Schmieren der min-
destens zwei Dichtungen (724... 940) einschließt.

4. Bohranordnung nach Anspruch 1, wobei die Ablenk-
vorrichtung (120; 700) einen ersten Endanschlag
(282; 820; 1445) einschließt, der einen minimalen
Neigungswinkel des unteren Abschnitts (290; 790)
relativ zu einem oberen Abschnitt (720) der Bohra-
nordnung (100) definiert.

5. Bohranordnung nach Anspruch 4, wobei der Min-
destwinkel größer als null ist.

6. Bohranordnung nach Anspruch 4, wobei die Ablenk-
vorrichtung (120; 700) einen zweiten Endanschlag
(280) einschließt, der den maximalen Neigungswin-
kel des unteren Abschnitts (290; 790) definiert.

7. Bohranordnung nach Anspruch 1, ferner umfassend
einen Dämpfer (240; 734), der die Neigungsände-
rungsrate des unteren Abschnitts (290; 790) relativ
zu einem oberen Abschnitt (720) reduziert, wenn die
Bohranordnung (100) im Wesentlichen drehfest ist.

8. Verfahren zum Bohren eines Bohrlochs, umfassend:

Transportieren einer Bohranordnung (100) in
dem Bohrloch, die Folgendes einschließt: einen
Antrieb (140) zum Drehen eines Bohrmeißels
(147); eine Ablenkvorrichtung (120; 700), die es
ermöglicht, dass ein unterer Abschnitt (290;
790) der Bohranordnung (100) sich innerhalb ei-
ner ausgewählten Ebene neigt, wenn die Bohr-
anordnung (100) im Wesentlichen drehfest ist,
um das Bohren eines gekrümmten Abschnitts
des Bohrlochs zu ermöglichen, wenn der Bohr-
meißel (147) durch den Antrieb (140) gedreht
wird, und wobei die Neigung reduziert wird,
wenn die Bohranordnung (100) gedreht wird,
um das Bohren eines geraderen Abschnitts des
Bohrlochs zu ermöglichen, wobei der untere Ab-
schnitt (290; 790) sich um einen Stift (210; 710)
einer Schwenkverbindung neigt;
und einen Sensor (1310..1450), der Messungen
bezüglich der Richtung der Bohranordnung
(100) zum Bohren des Bohrlochs entlang einer
gewünschten Richtung bereitstellt;
Bohren eines geraden Abschnitts des Bohrlochs
durch Drehen der Bohranordnung (100) von ei-
ner Oberflächenposition aus;
Bewirken, dass die Bohranordnung (100) zu-
mindest im Wesentlichen drehfest wird;
Bestimmen eines Parameters von Interesse,
der sich auf eine Richtung der Bohranordnung
(100) in dem Bohrloch bezieht; und
Bohren eines gekrümmten Abschnitts des Bohr-
lochs durch den Antrieb (140) in der Bohranord-
nung (100) als Reaktion auf den bestimmten Pa-
rameter von Interesse.

9. Verfahren nach Anspruch 8, wobei der Parameter
von Interesse, der sich auf die Richtung der Bohra-
nordnung (100) bezieht, aus einer Gruppe ausge-
wählt ist bestehend aus Neigung, Azimut und Werk-
zeugfläche zumindest eines Teils der Bohranord-
nung (100).

10. Verfahren nach Anspruch 8, ferner umfassend Be-

21 22 



EP 3 519 663 B1

13

5

10

15

20

25

30

35

40

45

50

55

reitstellen mindestens einer Dichtung (284) in der
Ablenkvorrichtung (210; 710) und optional Bereit-
stellen von mindestens zwei Dichtungen (284) in der
Ablenkvorrichtung (210; 710) und einem durch die
mindestens zwei Dichtungen (284) begrenzten
Schmiermittel (732, 790) zum Schmieren der min-
destens zwei Dichtungen (284).

11. Verfahren nach 8, wobei sich eine Oberfläche des
unteren Abschnitts (290; 790) der Bohranordnung
(100) um eine stationäre Oberfläche der Schwenk-
verbindung bewegt.

12. Verfahren nach Anspruch 8, ferner umfassend: Be-
reitstellen eines ersten Endanschlags (282; 820;
1445) in der Ablenkvorrichtung (120; 700), der einen
minimalen Neigungswinkel des unteren Abschnitts
(290; 790) der Bohranordnung (100) relativ zu einem
oberen Abschnitt (720) der Bohranordnung (100) de-
finiert.

13. Verfahren nach Anspruch 12, wobei der Mindestwin-
kel größer als null ist.

14. Verfahren nach Anspruch 8, ferner umfassend Be-
reitstellen eines zweiten Endanschlags (280) in der
Ablenkvorrichtung (120; 700), der den maximalen
Neigungswinkel des unteren Abschnitts (290; 790)
definiert.

15. Verfahren nach Anspruch 8, ferner umfassend: Be-
reitstellen eines Dämpfers (240; 734), der die Nei-
gungsänderungsrate des unteren Abschnitts (290;
790) relativ zu einem oberen Abschnitt (720) redu-
ziert, wenn die Bohranordnung (100) im Wesentli-
chen drehfest ist.

Revendications

1. Ensemble de forage (100) pour forer un puits de fo-
rage, comprenant :

un entraînement (140) pour mettre en rotation
un trépan (147) ;
un dispositif de déviation (120 ; 700) ; et
un capteur (1310, 1320, 1350, 1410, 1450) qui
fournit des mesures relatives à une direction de
l’ensemble de forage (100) pour forer le puits de
forage le long d’une direction souhaitée, dans
lequel
le dispositif de déviation (120 ; 700) permet à
une section inférieure (290 ; 790) de l’ensemble
de forage (100) de s’incliner à l’intérieur d’un
plan sélectionné lorsque l’ensemble de forage
(100) est sensiblement stationnaire en rotation
pour permettre le forage d’une section incurvée
du puits de forage lorsque le trépan (147) est

tourné par l’entraînement (140) et dans lequel
l’inclinaison est réduite lorsque l’ensemble de
forage (100) est tourné pour permettre le forage
d’une section droite du puits de forage, carac-
térisé en ce que la section inférieure (290 ; 790)
de l’ensemble de forage (100) s’incline autour
d’une broche (210 ; 710) d’un raccordement pi-
votant.

2. Ensemble de forage selon la revendication 1, com-
prenant en outre un dispositif de commande (1690)
qui détermine un paramètre d’intérêt relatif à la di-
rection de l’ensemble de forage (100) à partir des
mesures fournies par le capteur, dans lequel, facul-
tativement, le paramètre d’intérêt est choisi dans un
groupe constitué de : une inclinaison ; un azimut ; et
une face d’outil d’au moins une partie de l’ensemble
de forage (100).

3. Ensemble de forage selon la revendication 1, dans
lequel le dispositif de déviation (120 ; 700) comprend
au moins un joint (284 ; 724, 735, 740, 772, 940) et,
facultativement, le dispositif de déviation (710) com-
porte au moins deux joints (724... 940) et un lubrifiant
(732, 790) délimité par les au moins deux joints
(724... 940) pour lubrifier les au moins deux joints
(724... 940).

4. Ensemble de forage selon la revendication 1, dans
lequel le dispositif de déviation (120 ; 700) comporte
une première butée d’extrémité (282 ; 820 ; 1445)
qui définit un angle d’inclinaison minimal de la sec-
tion inférieure (290 ; 790) par rapport à une section
supérieure (720) de l’ensemble de forage (100).

5. Ensemble de forage selon la revendication 4, dans
lequel l’angle minimal est supérieur à zéro.

6. Ensemble de forage selon la revendication 4, dans
lequel le dispositif de déviation (120 ; 700) comporte
une seconde butée d’extrémité (280) qui définit l’an-
gle d’inclinaison maximal de la section inférieure
(290 ; 790).

7. Ensemble de forage selon la revendication 1 com-
prenant en outre un amortisseur (240 ; 734) qui ré-
duit la variation du taux d’inclinaison de la section
inférieure (290 ; 790) par rapport à une section su-
périeure (720) lorsque l’ensemble de forage (100)
est sensiblement stationnaire en rotation.

8. Procédé de forage d’un puits de forage,
comprenant :

le transport d’un ensemble de forage (100) dans
le puits de forage qui comporte : un entraîne-
ment (140) pour faire tourner un trépan (147) ;
un dispositif de déviation (120 ; 700) qui permet
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à une section inférieure (290 ; 790) de l’ensem-
ble de forage (100) de s’incliner à l’intérieur d’un
plan sélectionné lorsque l’ensemble de forage
(100) est sensiblement stationnaire en rotation
pour permettre le forage d’une section incurvée
du puits de forage lorsque le trépan (147) est
tourné par l’entraînement (140) et dans lequel
l’inclinaison est réduite lorsque l’ensemble de
forage (100) est tourné pour permettre le forage
d’une section droite du puits de forage, dans le-
quel la section inférieure (290 ; 790) s’incline
autour d’une broche (210 ; 710) d’un raccorde-
ment pivotant ;
et un capteur (1310...1450) qui fournit des me-
sures relatives à la direction de l’ensemble de
forage (100) pour forer le puits de forage le long
d’une direction souhaitée ;
le forage d’une section droite du puits de forage
en faisant tourner l’ensemble de forage (100) à
partir
d’un emplacement de surface ;
le fait d’amener l’ensemble de forage (100) à
devenir au moins sensiblement stationnaire en
rotation ;
la détermination d’un paramètre d’intérêt relatif
à une direction de l’ensemble de forage (100)
dans le puits de forage ; et
le forage d’une section incurvée du puits de fo-
rage par l’entraînement (140) dans l’ensemble
de forage (100) en réponse au paramètre d’in-
térêt déterminé.

9. Procédé selon la revendication 8, dans lequel le pa-
ramètre d’intérêt relatif à la direction de l’ensemble
de forage (100) est choisi dans un groupe constitué
de : une inclinaison ; un azimut ; et une face d’outil
d’au moins une partie de l’ensemble de forage (100).

10. Procédé selon la revendication 8, comprenant en
outre la fourniture d’au moins un joint (284) dans le
dispositif de déviation (210 ; 710) et, facultativement,
la fourniture d’au moins deux joints (284) dans le
dispositif de déviation (210 ; 710) et d’un lubrifiant
(732, 790) délimité par les au moins deux joints (284)
pour lubrifier les au moins deux joints (284).

11. Procédé selon la revendication 8, dans lequel une
surface de la section inférieure (290 ; 790) de l’en-
semble de forage (100) se déplace autour d’une sur-
face stationnaire du raccordement pivotant.

12. Procédé selon la revendication 8, comprenant en
outre : la fourniture d’une première butée d’extrémité
(282 ; 820 ; 1445) dans le dispositif de déviation
(120 ; 700) qui définit un angle d’inclinaison minimal
de la section inférieure (290 ; 790) de l’ensemble de
forage (100) par rapport à une section supérieure
(720) de l’ensemble de forage (100).

13. Procédé selon la revendication 12, dans lequel l’an-
gle minimal est supérieur à zéro.

14. Procédé selon la revendication 8, comprenant en
outre la fourniture d’une seconde butée d’extrémité
(280) dans le dispositif de déviation (120 ; 700) qui
définit l’angle d’inclinaison maximal de la section in-
férieure (290 ; 790).

15. Procédé selon la revendication 8, comprenant en
outre : la fourniture d’un amortisseur (240 ; 734) qui
réduit la variation du taux d’inclinaison de la section
inférieure (290 ; 790) par rapport à une section su-
périeure (720) lorsque l’ensemble de forage (100)
est sensiblement stationnaire en rotation.
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