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DRILLING ASSEMBLY HAVING A TILTED OR OFFSET DRIVESHAFT

BACKGROUND

[0001] Market requirements are driving the need for a mud motor design that may build

high doglegs yet also be rotated rapidly from the surface in order to maximize a rate of

geological formation penetration such that boreholes may be drilled to a target depth in as

short a time as possible. Such an assembly should also be reliable as well as be able to

efficiently drill vertical, high dog leg severity curves and lateral sections in one run.

[0002] Present drillstrings typically use short bit-to-bend motors. However, these motors

have limitations on maximum surface string revolutions per minute (RPM). These string

RPM limitations may have a negative impact on rate of penetration (ROP) performance,

especially in a lateral section.

[0003] Present drillstrings may also use an external bent housing. However, mud motors

with an external bent housing may have endurance problems in the threads and upsets

between a bearing pack and a power section. Bend limits for speed are traded against each

other in order to maintain some semblance of fatigue management based on historical failure

experience.

[0004] In short, there are general needs for a mud motor configuration that provides high

surface rotation speed in vertical and tangent/lateral directions while providing improved

fatigue life expectations.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a cross-sectional diagram showing an embodiment of a drilling assembly

having an internally tilted driveshaft in a straight housing.

[0006] FIG. 2 is a cross-sectional diagram showing an embodiment of a drilling assembly

having an internally offset driveshaft in a straight housing.

[0007] FIG. 3 is a cross-sectional diagram showing an embodiment for pressure tilting the

internally offset driveshaft of a drilling assembly in accordance with the embodiments of

FIGs. 1 and 2.

[0008] FIG. 4 is a cross-sectional diagram showing an embodiment of a rotating near-bit

stabilizer of a drilling assembly.



[0009] FIG. 5 is a flowchart showing an embodiment of a method for operation of a

pressure tilted driveshaft of a drilling assembly.

[0010] FIG. 6 is a cross-sectional diagram showing an embodiment of a drilling assembly

having a piston.

[0011] FIG. 7 is a cross-sectional diagram showing another embodiment of a drilling

assembly having a piston.

[0012] FIG. 8 is a diagram showing a drilling system that may incorporate the

embodiments of FIGs. 1-7.

DETAILED DESCRIPTION

[0013] FIG. 1 is a cross-sectional diagram showing an embodiment of a drilling assembly

having an internally tilted driveshaft in a housing 100. The housing 100 may include tilted

(i.e., angled) driveshafts, in accordance with the embodiments of FIGs. 1-3, to reduce or

eliminate drillstring RPM limitations of bent housings as well as provide improved fatigue

life expectations.

[0014] The embodiment of FIG. 1 shows a substantially straight housing 100 that includes

a fixed external upper stabilizer 130 and a fixed external bearing housing stabilizer 13 1. In

another embodiment, the housing may include an external bend on the outside of the housing

as illustrated as optional housing 190.

[0015] During a drilling operation, the stabilizers 130, 131 mechanically stabilize the

housing 100 in order to avoid unintentional sidetracking, vibrations, and improve the quality

of the borehole being drilled. The stabilizers 130, 131 also control the rotary tendency of the

bottom hole assembly (BHA). The stabilizers 130, 131 may help to maintain a particular

borehole angle or change the drilling angle by controlling the location of the contact point

between the borehole and the collars. The stabilizers 130, 131 may comprise a hollow

cylindrical body and stabilizing blades, both made of high-strength steel. The blades may be

either straight or spiraled and may be hardfaced for wear resistance.

[0016] The embodiment of FIG. 1 shows two stabilizers are coupled to the housing 100.

These include the stabilizer 131 just above a drill head (i.e., bearing housing stabilizer) and

the stabilizer 130 on an upper portion of the housing 100 (i.e., upper stabilizer). Other

embodiments may include different quantities of stabilizers 130, 131 and/or rotating near-bit

stabilizers as illustrated in the embodiment of FIG. 4 and discussed subsequently.



[0017] The drillstring includes a "mud motor" assembly formed from a rotor 101 and a

stator 160. The stator 160 may also be part of the housing 100. The motor uses the Moineau

principle to rotate the drillstring as a result of the pumping of a fluid (e.g., drilling mud)

through the mud motor (i.e., rotor/stator assembly).

[0018] The rotor 101 is coupled to a drivetrain 102 that transfers the rotation of the rotor

101 to a driveshaft 103. A drivetrain 102, as used herein, may include a constant velocity

(CV) transmission and one or more CV joints 105, 106. The drivetrain may further be defined

as a torsion rod, a geared coupling, or any other way to transmit torque. While FIG. 1 shows

two such CV joints 105, 106, other embodiments may use different quantities of joints. The

drivetrain may provide the ability to transmit power through variable angles, at a substantially

constant rotational speed (i.e., constant velocity), without an appreciable increase in friction.

[0019] The driveshaft 103 couples the drill head 120 to the drivetrain 102. The driveshaft

103 may ride on an internal bearing 170 that provides an internal surface upon which the drill

string may make contact in order to protect the drill string. The drill head 120 may include a

drill bit for drilling through a geological formation.

[0020] FIG. 1 illustrates a centerline 141 of the driveshaft 103 that is at an angle with

respect to an axial centerline 140 of the mud motor assembly 101, 160. The motor axial

centerline 140 may be substantially parallel with the housing at a substantially fixed distance

or a selectable distance. The tilt on the driveshaft 103 may be accomplished by the angling of

one or more of the CV joints 105, 106 of the drivetrain 102. The tilt on the driveshaft 103

allows for directional control while sliding.

[0021] FIG. 2 is a cross-sectional diagram showing an embodiment of a drilling assembly

having an internally offset driveshaft in a straight housing 200. The straight housing 200 may

include the offset driveshaft, in accordance with the embodiments of FIGs. 1-3, to reduce or

eliminate drillstring RPM limitations of bent housings, as well as to provide improved fatigue

life expectations.

[0022] The embodiment of FIG. 2 comprises the straight housing 200 with an external

upper stabilizer 230 and a bearing housing stabilizer 23 1. During a drilling operation, the

stabilizers 230, 23 1 mechanically stabilize the housing 200 in order to avoid unintentional

sidetracking, vibrations, and improve the quality of the borehole being drilled. The stabilizers

230, 231 may help to maintain a particular borehole angle or to change the drilling angle by

controlling the location of the contact point between the borehole and the collars. The



stabilizers 230, 23 1 may comprise a hollow cylindrical body and stabilizing blades, both

made of high-strength steel. The blades may be either straight or spiraled and may be

hardfaced for wear resistance. The embodiment of FIG. 2 shows two stabilizers coupled to

the housing 200. These include the stabilizer 23 1just above a drill head (bearing housing

stabilizer) and the stabilizer 230 on an upper portion of the housing 200 (i.e., upper

stabilizer). Other embodiments may include different quantities of stabilizers 230, 231 and/or

rotating near-bit stabilizers as illustrated in the embodiment of FIG. 4 and discussed

subsequently.

[0023] The drillstring includes a mud motor assembly that includes the rotor 201 that

rotates within the stator 260. The stator 260 may be part of the housing 200.

[0024] The rotor 20 1 is coupled to the drivetrain 202 that transfers the rotation of the rotor

201 to the driveshaft 203. The drivetrain 202 may include one or more CV joints 205, 206.

While FIG. 2 shows two such CV joints 205, 206, other embodiments may use different

quantities of joints. The CV joints provide the ability to transmit power through variable

angles, at a substantially constant rotational speed (i.e., constant velocity), without an

appreciable increase in friction.

[0025] The driveshaft 203 couples the drill head 220 to the drivetrain 202. The driveshaft

203 may ride on an internal bearing 270 of the housing 200 that provides an internal surface

upon which the drill string may make contact in order to protect the drill string and the

housing from damage. The drill head 220 may include the drill bit for drilling through a

geological formation.

[0026] FIG. 2 illustrates a centerline 241 of the driveshaft 203 that is offset with respect to

the centerline 240 of the motor assembly 201, 260. It can be seen that the offset centerline

241 is parallel with, but offset a distance from, the straight, axial centerline 240 that is

substantially parallel with the housing. The offset may be accomplished by the angling of

both of the CV joints 205, 206 of the drivetrain 202.

[0027] The driveshafts of the embodiments of FIGs. 1 and 2 both have centerlines that are

non-coincident with the axial centerline of the motor. The non-coincident centerlines may be

fixed at a predetermined tilt angle or offset distance. This may be accomplished by the CV

joints being fixed at predetermined angles. In another embodiment, the tilt angle or offset

distance may be dynamically variable during the drilling operation. This may be



accomplished by CV joints that are movable through a range of angles. One embodiment for

changing the tilt angle or offset distance is illustrated in FIG. 3.

[0028] FIG. 3 is a cross-sectional diagram showing an embodiment for pressure tilting the

driveshaft of a drilling assembly in accordance with the embodiments of FIGs. 1 and 2. This

embodiment provides a dynamically adjustable tilt of the driveshaft with respect to the

straight, axial centerline 340.

[0029] As in the previously described embodiments, the embodiment of FIG. 3 includes a

rotor section 301 to drive the drillstring. A plurality of CV joints 305, 306 couple the CV

drive train section 302 between the rotor section 301 and the driveshaft 303. The driveshaft

303 is coupled to the drill head 320 that may include the drill bit for the drillstring.

[0030] As in the embodiment of FIG. 1, the centerline of the driveshaft 341 is tilted with

respect to the axial centerline 340 of the motor assembly 301, 360. This is the result of the

side force imparted onto the up hole end of the driveshaft through the drivetrain 302 from the

rotor 301. Axial pressure 361 acting on the cross section of the rotor 301 creates an axial

force in the rotor 301 such that it is being pushed out of the bottom of the stator 360. This

axial load is transferred through the drivetrain assembly 302, 305, 306 to the driveshaft 303

and reacted in the bearing pack thrust bearings (not shown for purposes of clarity). The

drivetrain 302 is capable of transmitting torque and thrust loads but cannot carry moment

loads. Given the end load to the rotor, the drivetrain 302 will move into a stable position

when side loads 362, 363 are brought into balance. In this embodiment, this occurs when the

driveshaft 303 rests against bearing stop 370 or when the side load 362 imparted onto the

down hole driveshaft end balances the system. In an embodiment, the angles between the

transmission components may be kept relatively small in order to reduce wear in the CV

moving interfaces.

[0031] FIG. 4 is a cross-sectional diagram showing an embodiment of a rotating near-bit

stabilizer. Instead of being coupled to the external surface of the housing 401 and stationary,

as in the embodiments of FIGs. 1 and 2, the rotating near-bit stabilizer 400 is coupled to the

drill head 410 and rotates with the drill head.

[0032] The rotating near-bit stabilizer embodiment may include a driveshaft 405 in either a

tilted orientation 404, having an angle relative to the rotor centerline or an offset orientation

403 that is parallel to the rotor centerline. These concepts were illustrated previously with

reference to FIGs. 1 and 2, respectively.



[0033] The embodiment of FIG. 4 may provide stabilization in a drilling operation to

perform directionally in slide and rotary modes for relatively high severity dog leg

applications. In order to achieve a desired amount of tilt from the driveshaft inside the

bearing housing 401, the driveshaft length may be reduced from the other embodiments and

radial and thrust bearings 460 used in the housing 401. The radial and thrust bearings 460

may comprise diamond in order to get adequate tilt angle for high dog leg severity

applications.

[0034] FIG. 5 is a flowchart showing an embodiment of a method for operation of a

pressure tilted driveshaft in a drilling assembly. In block 501, the method includes pumping

drilling fluid (e.g., drilling mud) down the drill string. For example, mud pump 832 of FIG. 8

may be used to pump the drilling fluid.

[0035] The resistance to the flow of the fluid across the positive displacement mud motor

causes a pressure differential across the mud motor. An axial force is applied to the rotor that

is equal to the pressure differential times the rotor cross-sectional area. This force drives the

rotor out of the stator towards the down hole side of the motor. The force is passed through

the drivetrain to the driveshaft. In block 503, the driveshaft tilt may be adjusted as a result of

the force.

[0036] In block 503, a fluid (e.g., drilling mud) is injected into the housing to cause the

mud motor (i.e., rotor/stator assembly) to rotate. The drivetrain transmits this rotation to the

now angled driveshaft in order to rotate the drill bit for drilling through the formation. A

change in the mud flow may change the axially aligned force and, thus, the angle of the

driveshaft.

[0037] Other embodiments may have the thrust load from the rotor pass into a dedicated

mechanism (e.g., piston) in the same area as either the drivetrain (see FIG. 6) or the mud

motor inlet (see FIG. 7) that may exaggerate the axial force, thus increasing the side load

available for the same thrust from the rotor. The piston may comprise a solid disk or a disk

having slots or vanes to allow more fluid to pass and having a greater diameter than the rotor.

These embodiments are illustrated in FIGs. 6 and 7.

[0038] FIG. 6 is a cross-sectional diagram showing an embodiment of a drilling assembly

having a piston 600. The piston 600 may be attached to the rotor 620 near the drivetrain 630.

The flow of fluid 601 from the mud motor 610 hits the piston 600, thus exaggerating the axial

force and increasing the side loads 662, 663.



[0039] FIG. 7 is a cross-sectional diagram showing another embodiment of a drilling

assembly having a piston 700. The piston 700 may be attached to the rotor 720 at the inlet to

the mud motor 710. The flow of fluid 701 into the mud motor inlet hits the piston 700, thus

exaggerating the axial force and increasing the side loads 762, 763.

[0040] FIG. 8 is a diagram showing a drilling system 864 that may incorporate the

embodiments of FIGs. 1-7. System 864 includes a drilling rig 802 located at the surface 804

of a well 806. The drilling rig 802 may provide support for a drillstring 808. The drillstring

808 may operate to penetrate the rotary table 810 for drilling the borehole 812 through the

subsurface formations 841. The drillstring 808 may include a drill pipe 818 and a bottom hole

assembly 820, perhaps located at the lower portion of the drill pipe 818.

[0041] The bottom hole assembly 820 may include a down hole tool housing 824 that

incorporates the tilted or offset driveshaft of the above-described embodiments and a drill

head 826. The drill head 826 may operate to create the borehole 812 by penetrating the

surface 804 and the subsurface formations 841.

[0042] During drilling operations, the drillstring 808 (perhaps including the drill pipe 818

and the bottom hole assembly 820) may be rotated by the mud motor 890, located down hole,

as described previously. Drill collars 822 may be used to add weight to the drill head 826.

The drill collars 822 may also operate to stiffen the bottom hole assembly 820, allowing the

bottom hole assembly 820 to transfer the added weight to the drill head 826, and in turn, to

assist the drill head 826 in penetrating the surface 804 and subsurface formations 814.

[0043] During drilling operations, a mud pump 832 may pump drilling fluid (sometimes

known by those of ordinary skill in the art as "drilling mud") from a mud pit 834 through a

hose 836 into the drill pipe 818, through the mud motor 890, and down to the drill bit 826.

The drilling fluid can flow out from the drill head 826 and be returned to the surface 804

through an annular area 840 between the drill pipe 818 and the sides of the borehole 812. The

drilling fluid may then be returned to the mud pit 834, where such fluid is filtered. In some

embodiments, the drilling fluid can be used to cool the drill head 826, as well as to provide

lubrication for the drill head 826 during drilling operations. Additionally, the drilling fluid

may be used to remove subsurface formation cuttings created by operating the drill head 826.

[0044] The workstation 854 and the controller 896 may include modules comprising

hardware circuitry, a processor, and/or memory circuits that may store software program

modules and objects, and/or firmware, and combinations thereof. The workstation 854 and



controller 896 may be configured into a control system 892 to control the direction and depth

of the drilling in response to formation characteristics. In an embodiment, the direction of

drilling may be changed by executing the method illustrated in FIG. 5 to adjust the angle of

tilt of the driveshaft.

[0045] While the above-described embodiments of FIGs. 1-4 are shown separately, other

embodiments may combine these embodiments. For example, in such a combined

embodiment, the near-bit stabilizer 400 of FIG. 4 may be combined with the embodiment of

FIG. 1. Other such combinations may also be realized.

[0046] Example 1 is drilling assembly, comprising: a motor assembly coupled to a

housing and having an axial centerline substantially parallel with the housing; a drivetrain

coupled to the motor assembly; and a driveshaft coupled between the drivetrain and a drill

head, the driveshaft having a centerline fixed in a non-coincident orientation with the axial

centerline.

[0047] In Example 2, the subject matter of Example 1 can optionally include wherein the

housing comprises an external bend.

[0048] In Example 3, the subject matter of Examples 1-2 can optionally include wherein

the motor assembly comprises a rotor configured to rotate within a stator.

[0049] In Example 4, the subject matter of Examples 1-3 can optionally include wherein

the driveshaft centerline is at an angle with the axial centerline.

[0050] In Example 5, the subject matter of Examples 1-4 can optionally include wherein

the driveshaft centerline is parallel to and offset by a substantially fixed distance or selectable

distance from the axial centerline.

[0051] In Example 6, the subject matter of Examples 1-5 can optionally include wherein

the drivetrain comprises a constant velocity (CV) transmission with one or more CV joints, a

torsion rod, or a geared coupling.

[0052] In Example 7, the subject matter of Examples 1-6 can optionally include wherein

the drivetrain comprises a plurality of CV joints, including a first CV joint coupling the

drivetrain to the motor assembly and a second CV joint coupling the drivetrain to the

driveshaft.

[0053] In Example 8, the subject matter of Examples 1-7 can optionally include wherein

the plurality of CV joints are fixed at predetermined angles with respect to the axial

centerline.



[0054] In Example 9, the subject matter of Examples 1-8 can optionally include a near-bit

stabilizer coupled to the driveshaft such that the stabilizer rotates with the drill head.

[0055] In Example 10, the subject matter of Examples 1-9 can optionally include wherein

the drivetrain is configured to change the non-coincident orientation of the driveshaft

centerline in response to a change in an axially aligned force.

[0056] In Example 11, the subject matter of Examples 1-10 can optionally include

wherein the driveshaft centerline is tilted by an angle with respect to the axial centerline

wherein the angle varies in response to the change in the axially aligned force.

[0057] In Example 12, the subject matter of Examples 1-11 can optionally include

wherein the rotor is configured to transfer the axially aligned force to the driveshaft through

the drivetrain.

[0058] In Example 13, the subject matter of Examples 1-12 can optionally include

wherein the drivetrain is configured to move into a stable position when side loads are

brought into balance in response to side loads on the drilling assembly being balanced.

[0059] Example 14 is a drilling system comprising: a downhole tool comprising: a

substantially straight housing; a motor assembly coupled to the housing and having an axial

centerline substantially parallel with the housing, the motor assembly comprising a rotor and

a stator; a driveshaft coupled to the rotor, the driveshaft having a centerline at an angle with

the axial centerline, wherein the angle is variable in response to an axial force applied to the

rotor; and a drill head coupled to the driveshaft.

[0060] In Example 15, the subject matter of Example 14 can optionally include a

stabilizer coupled to the drill head.

[0061] In Example 16, the subject matter of Examples 14-15 can optionally include

wherein the stabilizer is configured to rotate with the drill head.

[0062] In Example 17, the subject matter of Examples 14-16 can optionally include a first

stabilizer coupled to an upper portion of the housing and a second stabilizer coupled to a

lower portion of the housing.

[0063] In Example 18, the subject matter of Examples 14-17 can optionally include a

piston coupled to the rotor at an output of the motor assembly.

[0064] In Example 19, the subject matter of Examples 14-18 can optionally include a

piston coupled to the rotor at an output of the motor assembly.



[0065] Example 20 is method for drilling comprising: pumping drilling fluid down a

drillstring; and adjusting a tilt of a driveshaft of the drillstring as a result of an axial force of

the drilling fluid on a mud motor assembly.

[0066] In Example 21, the subject matter of Example 20 can optionally include wherein

the tilt is an offset from a centerline of the mud motor assembly.

[0067] Although specific embodiments have been illustrated and described herein, it will

be appreciated by those of ordinary skill in the art that any arrangement that is calculated to

achieve the same purpose may be substituted for the specific embodiments shown. Various

embodiments use permutations and/or combinations of embodiments described herein. It is to

be understood that the above description is intended to be illustrative, and not restrictive, and

that the phraseology or terminology employed herein is for the purpose of description.

Combinations of the above embodiments and other embodiments will be apparent to those of

skill in the art upon studying the above description.



Claims

What is claimed is:

1. A drilling assembly, comprising:

a motor assembly coupled to a housing and having an axial centerline substantially

parallel with the housing;

a drivetrain coupled to the motor assembly; and

a driveshaft coupled between the drivetrain and a drill head, the driveshaft having a

centerline fixed in a non-coincident orientation with the axial centerline.

2. The drilling assembly of claim 1, wherein the housing comprises an external bend.

3. The drilling assembly of claim 1, wherein the motor assembly comprises a rotor

configured to rotate within a stator.

4. The drilling assembly of claim 1, wherein the driveshaft centerline is at an angle with

the axial centerline.

5. The drilling assembly of claim 1, wherein the driveshaft centerline is parallel to and

offset by a substantially fixed distance or selectable distance from the axial centerline.

6. The drilling assembly of claim 1, wherein the drivetrain comprises a constant velocity

(CV) transmission with one or more CV joints, a torsion rod, or a geared coupling.

7. The drilling assembly of claim 6, wherein the drivetrain comprises a plurality of CV

joints, including a first CV joint coupling the drivetrain to the motor assembly and a second

CV joint coupling the drivetrain to the driveshaft.

8. The drilling assembly of claim 7, wherein the plurality of CV joints are fixed at

predetermined angles with respect to the axial centerline.



9. The drilling assembly of claim 1, further comprising a near-bit stabilizer coupled to

the driveshaft such that the stabilizer rotates with the drill head.

10. The drilling assembly of claim 1, wherein the drivetrain is configured to change the

non-coincident orientation of the driveshaft centerline in response to a change in an axially

aligned force.

11. The drilling assembly of claim 10, wherein the driveshaft centerline is tilted by an

angle with respect to the axial centerline wherein the angle varies in response to the change in

the axially aligned force.

12. The drilling assembly of claim 10, wherein the rotor is configured to transfer the

axially aligned force to the driveshaft through the drivetrain.

13. The drilling assembly of claim 12, wherein the drivetrain is configured to move into a

stable position when side loads are brought into balance in response to side loads on the

drilling assembly being balanced.

14. A drilling system comprising:

a downhole tool comprising:

a substantially straight housing;

a motor assembly coupled to the housing and having an axial centerline

substantially parallel with the housing, the motor assembly comprising a rotor and a

stator;

a driveshaft coupled to the rotor, the driveshaft having a centerline at an angle

with the axial centerline, wherein the angle is variable in response to an axial force

applied to the rotor; and

a drill head coupled to the driveshaft.

15. The system of claim 14, further comprising a stabilizer coupled to the drill head.



16. The system of claim 15, wherein the stabilizer is configured to rotate with the drill

head.

17. The system of claim 14, further comprising a first stabilizer coupled to an upper

portion of the housing and a second stabilizer coupled to a lower portion of the housing.

18. The system of claim 14, further comprising a piston coupled to the rotor at an output

of the motor assembly.

19. The system of claim 14, further comprising a piston coupled to the rotor at an output

of the motor assembly.

20. A method for drilling comprising:

pumping drilling fluid down a drillstring; and

adjusting a tilt of a driveshaft of the drillstring as a result of an axial force of the

drilling fluid on a mud motor assembly.

21. The method of claim 20, wherein the tilt is an offset from a centerline of the mud

motor assembly.













INTERNATIONAL SEARCH REPORT International application No.

PCT/US2014/072516

A . CLASSIFICATION O F SUBJECT MATTER

E21B 7/08(2006.0l)i, E21B 47/02(2006.01)i, E21B 17/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
E21B 7/08; E21B 4/02; E21B 17/20; E21B 7/04; F16D 3/04; E21B 7/06; E21B 17/02; E21B 47/02; E21B 17/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: motor, drivetrain, driveshaft, drill head, axial centerline

DOCUMENTS CONSIDERED T O B E RELEVANT

Category Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2014-0251695 Al (NATIONAL OILIELL VARCO, L .P . ) 11 Sept ember 2014 1-12 , 14-17
See paragraphs [0011] , [0016] , [0030]-[0034] , [0037] , [0044H0045] , [0053] ,
[0066] ; and f i gures 1 , 3-4, 8 .

13 , 18-19
20-21

WO 2014-022765 Al (LORD CORPORATION e t a l . ) 06 February 2014 13 , 18-19
See paragraphs [0005] , [0032] ; and f igures 1 , 8-9 .

US 2014-0182941 Al (OPPELAAR, HANS) 03 July 2014 1-21
See paragraphs [0027] - [ 0028 ] ; and igure 4 .

0 2014-144256 Al (SCHLUMBERGER CANADA LIMITED e t a l . ) 18 Sept ember 2014 1-21
See paragraphs [0005] , [0038] , [0052]-[0054] ; and f igure 3 .

US 2013-0240268 Al (SMART STABILIZER SYSTEMS LIMITED) 19 Sept ember 2013 1-21
See paragraphs [0017] , [0035] ; and f igure 3 .

I IFurther documents are listed in the continuation of Box C. See patent family annex.

Special categories of cited documents: "T" later document published after the international filing date or priority
document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to b e of particular relevance the principle or theory underlying the invention
earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot b e
filing date considered novel or cannot b e considered to involve an inventive
document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot b e
special reason (as specified) considered to involve an inventive step when the document is
document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

3 1 August 2015 (3 1.08.2015) 3 1 August 2015 (31.08.2015)

Name and mailing address of the ISA/KR Authorized officer * · *.
International Application Division

j fc ... Korean Intellectual Property Office

¾ Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 35208,
PARK, Tae Wook \

g tpt Republic of Korea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-3405 '

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2014/072516

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2014-0251695 Al 11/09/2014 ¥0 2014-137543 A2 12/09/2014
¥0 2014-137543 A3 08/01/2015
¥0 2014-137543 A4 26/03/2015

¥0 2014-022765 Al 06/02/2014 CA 2880270 Al 06/02/2014
EP 2880324 Al 10/06/2015
US 2015-0167399 Al 18/06/2015

US 2014-0182941 Al 03/07/2014 ¥0 2014-105519 Al 03/07/2014

WO 2014-144256 Al 18/09/2014 None

US 2013-0240268 Al 19/09/2013 AU 2013-201543 Al 03/10/2013
AU 2013-201543 B2 16/07/2015
CA 2808674 Al 13/09/2013
GB 2503306 A 25/12/2013
GB 2503306 B 24/12/2014
NO 20130364 A 16/09/2013

Form PCT/ISA/2 10 (patent family annex) (January 20 15)


	abstract
	description
	claims
	drawings
	wo-search-report

