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CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of U.S. Patent Application No.:
14/191,664, “FLUID DRIVEN DRILLING MOTOR” , filed February 27, 2014,
which claims benefit of Provisional Patent Application No. 61/785,431, “AIR
DRIVEN DOWNHOLE DRILLING MOTOR”, filed March 14, 2013, both of

which are incorporated by reference herein in their entirety.

STATEMENT OF GOVERNMENT INTEREST

[0002] The United States Government has rights in this invention pursuant to
Contract No. DE-AC04-94AL85000 between the United States Department of
Energy and Sandia Corporation, for the operation of the Sandia National

Laboratories.
FIELD

[0003] The present invention relates to the field of motors, and specifically to

using a pressurized fluid to drive a rotary, indexing motor for a drill assembly.
BACKGROUND

[0004] Down-the-hole (DTH) drills are used for oil drilling, geothermal drilling,
and other deep earth penetration applications. For nearly any drilling method,
rotational energy must be transferred downhole in order to promote rock
reduction. The drill bit may be rotated by an electric motor or fluid/hydraulic
system. The rotating action can be produced either at the surface or near the
drill bit. In additional to rotational cutting, drills may also be pressurized or
mechanically actuated to force the drill bit to hammer against the rock/earth.
Prior art rotation systems and methods are complex, require large form

factors to create sufficient torque, and require a high degree of maintenance.

[0005] The most common method of downhole energy transfer is rigid drill

pipe. The drill pipe is rotated from the surface, with 30 ft drilling joints added
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for tripping (moving in and out of the hole). For this type of system, the entire
drill string rotates. Typically a rotary table system or a top drive is used to
drive the drill string. Although it is well suited for vertical drilling, it has limited
applications in directional drilling because the drill string curvature and thrust
loads generate additional torque that the surface based motor must overcome

and drill pipe survive.

[0006] Downhole techniques used to generate rotation such as positive
displacement motors (PDMs) are limited in their temperature range due to the
use of elastomers. Energy resources like geothermal and deep oil and gas
wells lie in hot (160°C-300°C), and often hard rock. The high-temperatures
limit the use of PDM’s in those environments.

[0007] What is needed is a drill rotation system and method that overcomes
the limitations of the prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] Figure 1 is a partial cut away view of a motor assembly according to an

embodiment of the disclosure.

[0009] Figure 2 is a cut away view of the motor assembly of Figure 1 taken
along the center axis of the motor assembly

[0010] Figure 3 is a first end perspective, partial see-through view of a vane

motor according to an embodiment of the disclosure.

[0011] Figure 4 is a first end perspective, exploded, partial see-through view
of the vane motor of Figure 3.

[0012] Figure 5 is a second end perspective, exploded view of the vane motor
of Figure 3.

[0013] Figure 6 is a perspective view of a drive section according to an

embodiment of the disclosure.
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[0014] Figure 7 is another perspective view of the drive section of Figure 6.
[0015] Figure 8 is an exploded view of the drive section of Figure 6.

[0016] Figure 9 is a perspective view of a hammer according to an

embodiment of the invention.
[0017] Figure 10 is another perspective view of the hammer of Figure 9.

[0018] Figure 11 is a cross-sectional view taken along line A-A of Figure 7
showing the hammer 620 engaging the drive section 14 at a first, initial

position.

[0019] Figure 12 is a cross-sectional view taken along line A-A of Figure 7
showing the hammer 620 engaging the drive section 14 at a later position in
time position when the hammer 620 has rotated the drive section 14 for a

partial complete rotation.

[0020] Figure 13 is a cross-sectional view taken along line A-A of Figure 7
showing the hammer 620 engaging the drive section 14 at a later position in
time position when the hammer 620 has rotated the drive section 14 for a

complete rotation and has now stalled in the rotation.

[0021] Figure 14 is a cross-sectional view taken along line A-A of Figure 7
showing the hammer 620 engaging the drive section 14 at another later

position in time position.

[0022] Figure 15 is a cross-sectional view taken along line A-A of Figure 7
showing the hammer 620 engaging the drive section 14 at another later

position in time position.

[0023] Figure 16 is a cross-sectional view taken along line A-A of Figure 7
showing the hammer 620 engaging the drive section 14 at another later

position in time position.
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[0024] Figure 17 is a cross-sectional view taken along line A-A of Figure 7
showing the hammer 620 engaging the drive section 14 at another later

position in time position.

[0025] Figure 18 is a cross-sectional view taken along line A-A of Figure 7
showing the hammer 620 engaging the drive section 14 at another later

position in time position.

[0026] Figure 19 is a cross-sectional view taken along line A-A of Figure 7
showing the hammer 620 engaging the drive section 14 at another later

position in time position.

[0027] Figure 20 is an embodiment of a drilling assembly according to the

present disclosure.

[0028] Wherever possible, the same reference numbers will be used

throughout the drawings to represent the same parts.
SUMMARY

[0029] According to an embodiment of the disclosure, a motor assembly is
disclosed that includes an engagement mechanism that provides improved
peak torque to an output shaft in a compact form factor. The motor includes a
vane motor coupled to a drive section. The drive section includes cam lobes

releasably coupled to an output shaft.

[0030] According to another embodiment of the disclosure, a motor assembly
is disclosed that includes a casing, a vane motor disposed within the casing, a
drive section coupled to the vane motor; and an output shaft coupled to the
drive section. The drive section includes a drive hammer coupled to the vane

motor that engages the output shaft to provide rotation thereto.

[0031] According to another embodiment of the disclosure, a drill assembly is

disclosed that includes a motor assembly a drill bit assembly coupled to the
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output shaft of the motor assembly. The motor assembly includes a casing, a
vane motor disposed within the casing, a drive section coupled to the vane
motor; and an output shaft coupled to the drive section. The drive section
includes a drive hammer coupled to the vane motor that engages the output

shaft to provide rotation thereto.

[0032] An advantage of the disclosed motor assembly is improved peak

torque to an output shaft in a compact form factor.

[0033] Another advantage of the disclosed motor assembly is that the motor
assembly is capable of generating rotation during drilling in extreme
conditions such as high-temperature. This is due to the fact that it does not

require elastomeric components, unlike conventional drilling motors.

[0034] Another advantage of the disclosed motor assembly is that the power
delivery does not require a gear set to transmit power. The design allows high

torque generation in a compact package.

[0035] Another advantage of the disclosed motor assembly is the compact

packaging can allow directional control using down-the-hole hammer (DTHH).

[0036] Other features and advantages of the present invention will be
apparent from the following more detailed description of the preferred
embodiment, taken in conjunction with the accompanying drawings which

illustrate, by way of example, the principles of the invention.
DETAILED DESCRIPTION OF THE INVENTION

[0037] Figures 1 and 2 shows an embodiment of a motor assembly 10
according to the present disclosure. The motor assembly 10 includes a vane
motor 12, a drive section 14 and a bearing/shaft section 16 disposed within an
outer casing 18. The motor assembly 10 further includes an input end cap 20

and an output end cap 22. The motor assembly 10 is coupled to a coupler 24.
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[0038] The input end cap 20 is coupled to the outer casing 18 via threads 26.
In another embodiment, the input end cap 20 may be welded, brazed or
fastened to the outer casing 18. The input end cap 20 includes an internal
fluid passage 28 having an inlet 30 and an outlet 32 for receiving and exiting a

fluid, respectively.

[0039] Figures 3 to 5 show various perspective and exploded views of the
vane motor 12. As can be seen, the vane motor 12 includes a rotor or motor
body 210, a stator or housing 220, an air distributor, 230, a first bearing plate
240, and orifice 245, and a second bearing plate 250.

[0040] The motor body 210 includes a motor shaft 211 and a vane section
212. The motor shaft 211 includes a first end 213 for centrally positioning the
motor body 210 in the second bearing plate 250, which allows the motor body
210 to freely rotate adjacent the second bearing plate 250. The motor shaft
211 also includes a second end 214 for centrally positioning the motor body in
the first bearing plate 240 and for coupling the vane motor 12 to the drive
section 14 (see Figure 2). The second end 214 includes tabs or protrusions
215 for engaging the drive section 14 thereby transferring rotation from the
vane motor 12 to the drive section 14. In another embodiment, the second
end 214 may include protrusions, slots, pins or other engagement devices for
coupling the vane motor 12 to the drive section 14. The motor shaft 211
further includes a through passage 216 extending from the first end 213 to the

second end 214.

[0041] The vane section 212 includes vane section body 218 attached to the
motor shaft 211. The vane body section 218 may be attached to the motor
shaft 211 by welding, brazing or other suitable joining method. In another
embodiment, the vane body section 218 may be integral to the shaft 211. The
vane section 212 further includes vanes 217 attached to the vane section
body 218. The areas between the vanes 217 are referred to as chambers

217A. As is appreciated by one of ordinary skill in the art, the vane section
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body 218 is eccentric with respect to the housing 220. In this manner, the
vanes 217 are mounted to the vane body section 218 at offset depths in the

vane section body 218 as shown in Figures 3-5.

[0042] The motor body 210 is disposed or fits within the housing 220 in such a
manner that the motor body 210 may freely rotate within the housing 220.
The housing 220 includes a cavity 221 and has a first end 222 and a second
end 224. The cavity 221 is configured to circumferentially surround the vane

section 212.

[0043] The first bearing plate 240 is attached to the first end 224 of the
housing 220 by screw fasteners (not shown). In another embodiment, the first
bearing plate 240 may be attached to the housing 220 by welding, brazing,
fasteners or other joining method. The first bearing plate 240 includes a
bearing 242 and a passage 244 for receiving the motor shaft 211 and allowing

the motor shaft 211 to rotate, respectively.

[0044] The second bearing plate 250 is attached to the second end 224 of the
housing 220 by screw fasteners (not shown). In another embodiment, the
second bearing plate 250 may be attached to the housing 220 by welding,
brazing, fasteners or other joining method. The second bearing plate 250
includes a bearing 252 and a passage 254 for receiving the motor shaft 211
and allowing the motor shaft 211 to rotate. The second bearing plate 250 also
includes channels 258 for distributing a fluid provided by the air distributor 230
to the motor body 210.

[0045] The air distributor 230 is attached to the second bearing plate 250 by
screw fasteners (not shown). In another embodiment, the air distributor 230
may be attached to the housing 220 by welding, brazing, fasteners or other
joining method. The air distributor 230 includes an inlet 232 for receiving a
fluid from the fluid passage 28 of the input end cap 20 (see Figure 2). The air
distributor 230 may include one or more seals 233 for fluidly sealing the air
distributor 230 to the input end cap 20. The air distributor 230 further includes
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a passage 234 for allowing a fluid to travel from the input end cap 20 to the
passage 254 of the second bearing plate 250. The air distributor 230 further
includes one or more channels 236 between the passage 234 and a first

surface 238 of the air distributor.

[0046] In such a manner, fluid may flow from the passage 234 of the air
distributor 230 to the second bearing plate passage 254, or fluid may flow
from the passage 234 into the channels 236 and then into channels 258 of the
second bearing plate 250. The amount of fluid that flows through the second

bearing plate passage 254 is controlled by orifice 245.

[0047] Orifice 245 is disposed within the first end 213 of the motor shaft 211.
In another embodiment, the orifice 245 may be disposed within the motor
shaft 211, the passage 254 of the second bearing 250, or both. The orifice
245 includes a passage 246 that allows a predetermined amount of fluid to
pass through the orifice 245 from the passage 254 of the second bearing to
the through passage 216 of the shaft 211. In another embodiment, the orifice
245 may have no passage 246 and functions as a plug to prevent any fluid

from entering the through passage 216.

[0048] During operation, fluid enters the inlet 30 of inlet section 20, passes
through fluid passage 28 and exits the outlet 32 into the inlet 232 of the
passage 234 of the air distributor 230. The fluid then enters the channels 236
of the air distributor 230 to be distributed to the channels 258 of the second
bearing plate 250 to be directed to the chambers 217A of the motor body 210
or passes through the orifice 245 to enter the through passage 216 of the
motor shaft 211, or both. As the fluid travels through the chambers 217A, the
vane motor 12 rotates due to pressure differences in the chambers 217A. As
discussed above, the vane body section 218 is mounted with an eccentricity
Ev with respect to the housing 220. The eccentricity creates a variable
volume between neighboring chambers 217A. The differential pressure

between neighboring chambers 217A results in a non-zero net force. The
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seal between the vanes 217 and the housing 220 is created by either spring

forces or air pressure.

[0049] The fluid may be a gas or liquid. In an embodiment, the fluid may be a
pressurized gas such as, but not limited to air, nitrogen, or drilling foam. In an
embodiment, the pressurized gas may be at a pressure between about 200
psi to about 500 psi. In another embodiment, the fluid may be a pressurized

liquid, such as, but not limited to water, hydraulic fluid, or oil.

[0050] Figures 6-8 show an embodiment of the drive section 14 according to
an embodiment of the disclosure. The drive section 14 includes a hammer
assembly 605 including a hammer housing 610, hammers 620, and an output
shaft 630. In this exemplary embodiment, the drive section 14 includes 2
hammers 620. In another embodiment, the drive section 14 may include one
or more hammers 620. The hammer housing 610 includes openings 611 for
receiving the hammers 620. The hammer housing 610 also includes a
passage 612 for allowing the output shaft 630 to extend through the openings
611. The hammer housing 610 also includes pins 613 for positioning the
hammers 620 within the openings 611, and set screws 614 for securing the
pins 613 in the housing 610. In another embodiment, the pins 613 may be

secured within the housing 610 by welding, brazing, or other faster device.

[0051] As can be seen in Figure 7, the housing 610 has a first end surface
615 having openings 616 for receiving the pins 613 (not shown) and set
screws 614. The first end surface 615 also has a through passage 617
extending into the openings 611. The through passage 617 has splines 618
configured to mate and engage with protrusions 215 of motor shaft 211 such

that rotation of the motor shaft 211 rotates the drive section 14.

[0052] Referring again to Figures 6-8, the output shaft 630 includes a hammer
engagement portion 631 and a shaft portion 632. The hammer engagement
portion 631 includes protrusions or tabs 633 extending radially therefrom for

engaging hammers 620. The number of tabs 633 corresponds to the number
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of hammers 620. The hammer engagement portion 631 of the output shaft
630 extends through the through the hammer housing passage 612, through
passages 623 of the hammers 620, and into through passage 617. The
output shaft 630 has a through passage 633 extending through the axial
length of the output shaft 630 for receiving fluid from the through passage
617.

[0053] Figures 9 and 10 show perspective views of a hammer 620. As can be
seen in Figures 9 and 10, a hammer 620 includes an outer perimeter surface
921, and an inner perimeter surface 922 defining a through passage 923.
The outer surface 921 includes a recess or slot 924 for engaging a pin 613a
(see Figure 8) in such a manner that the pin 613a can rotate in the slot 924.
The outer surface 921 further includes a trough 925 that allows another pin
613b (see Figure 8) to move within in a confined manner. The movement of
pin 613b is limited to the width W of trough 925 defined by a first ridge 926

and a second ridge 927.

[0054] As can be further seen in Figures 9 and 10, the inner perimeter surface
922 includes a first protrusion 928 and a second protrusion 929. The first
protrusion 928 includes an engagement surface 930. The second protrusion

929 includes a sliding surface 931.

[0055] The rotation of the output shaft 630 by the vane motor 12 will now be

described by referring to Figures 11-19 discussed in the following paragraphs.

[0056] Figure 11 shows a cross-sectional view of Figure 7 taken along line A-
A showing a hammer 620 engaging the output shaft 630 at a first, initial
position. As can be seen in Figure 11, the hammer 610 has been rotated in a
direction R by the vane motor 12 (Figures 1 and 2) such that the engagement
surface 930 of the first protrusion 928 is in contact and engaging tab 633 of
output shaft 630. Also, first pin 613a is in rotational contact within slot 924
and the second pin 613b is in the trough 925 and in contact with first ridge

926. At this time, the hammer 610 has enough rotational energy to provide
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sufficient torque to rotate the output shaft 630 to the position shown in Figure
12. It should be noted that the first pin 613a is in the trough (not shown) of
the second hammer, positioned behind the shown hammer in this figure, and

that the second pin 613b is in the slot of the second hammer.

[0057] An analysis of the energy transfer during rotation is as follows. The
rotational hammer is used to generate rotation in the output shaft through the
transfer of angular momentum. The rotating hammer is driven to a specified
angular velocity before impacting the output shaft. Upon impact, energy is
transferred from the rotating hammer to the output shaft, resulting in rotational

advancement.

[0058] Analysis of the rotating hammer system begins with the vane motor.
Given an input pressure P; and outlet pressure P,, the moment delivered by
the motor is given by Equation (1). In the equation, Cy is a geometric

parameter, Ly is the length of the motor, Zy is the number of vanes.

:CM'RIZQ'LV'ZV P

0059 M
00s9] M, (R

-PB) (1)

[0060] The geometric parameter Cy, is given by

1 Pr Vin[ 2
o (am +5j -2(a,, +1)cos ((01 +7VJsm(7Vj

[0061] C, =—

a 1 @
" +Ecos(2(p1 +%jsin(ﬁm)

[0062] where a, =R,/H, , pvis the angle between vanes, and ¢y is the angle

at the end of the charging process.

[0063] If the moment is known, then the equation of motion for the rotational
hammer is given by Equation (3). In the equation, /1 is the mass moment of

inertia of the body, and Mimpact IS the torque rebound due to impact. The
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equation shows that the applied moment from the vane motor is resisted by

the impact between the rotational hammer and the output shaft.
[0064] [191 = MM _Mz'mpact (t) (3)

[0065] The impact moment Mipnpact is estimated from the angular impulse
imparted to the output shaft. Treating the rotating hammer and the output
shaft as a system, the conservation of momentum for the system is given by
Equation (4).

[0066] [+l =10+ Lo, (4)

[0067] The relationship between the rotational speeds before and after impact
is given by the coefficient of restitution e.

[0068] e=2"%

(5)
o~ o,
[0069] Looking at the components individually, the moment impulse imparted

on the output shaft to cause rotation is given by

[0070]  La,+M, At=Lo, (6)

impact

[0071] The equation of motion for the output shaft takes a similar form.
Assuming the impact moment accelerates the output shaft from rest, then the

equation of motion is given by
[0072] IZéZ = Mz'mpact (t) - MWOB (7)
[0073] The estimated torque load from the weight on output shaft is given by

u-d-WOB
0074 My, =—
[ ] WOB 3C

area

(8)
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[0075] where u is the coefficient of friction, d is the output shaft diameter,
WOB is the weight on the output shaft, and Cgreq is the ratio of the button area
(the button area being the surface area of the cutting inserts contacting the

cutting surface) to the output shaft face.

[0076] Figure 13 shows a point in time when the hammer 620 and output shaft
630 has continued to rotate in direction R from the position shown in Figure
12 with the engagement surface 930 of the first protrusion 928 in contact and
engaging tab 633 of output shaft 630. Also, first pin 613A is in rotational
contact within slot 924 and the second pin 613B is in the trough 925 and in
contact with first ridge 925. At this time, the hammer 610 does not have
enough rotational energy to provide sufficient torque to rotate the output shaft
630. For example, the output shaft 630 may be coupled to a drill bit (not
shown) that has engaged a surface that requires more torque to rotate the drill

bit than is being provided by the hammer 610.

[0077] An analysis of the applied force between the hammer and output shaft
at the position shown in Figure 13 is as follows. A force vector due to the
torque applied by the vane motor exists between the driving pin 613A and the
impact face 930. The force vector has a component normal ¢ to the impact
face and parallel e to the impact face. The normal force creates a friction
force between the lobe or protrusion 928 of the hammer 620 and the
protrusion or tab 633 of the output shaft 630. If the friction force exceeds the
force component parallel to the impact face, the hammer 620 will not release
from the output shaft 630. The hammer protrusion 928 will begin to release
from the tab 633 when the parallel force component exceeds the normal
force. This releasing force can be designed into the system by adjusting the

contact angle between the hammer protrusion 928 and drive shaft tab 633.

[0078] Figure 14 shows a point in time when the first protrusion 928 is about
to disengage from the tab 633. As can be seen in Figure 13, the second pin

613b has begun to move across the trough 925 towards the second ridge
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927. As can be further seen in Figure 14, the hammer 610 has begun to

reposition in the housing 610.

[0079] Figure 15 shows a point in time when the first protrusion 928 has
moved past the tab 633 and the hammer 610 has continued to rotate R as the
output shaft 630 remains stationary. As can be seen in Figure 15, the first
protrusion 928 is no longer engaged with the tab 928, but is in sliding contact
with the tab 633, allowing the hammer 610 to rotate. The second pin 613b
continues to move across the trough 925 towards the second ridge 927. As
can be further seen in Figure 15, the hammer 610 has continued to reposition

in the housing 610.

[0080] Figure 16 shows a point in time when the hammer 610 has
continued to rotate R as the output shaft 630 remains stationary, As can be
seen in Figure 16, the second pin 613b has moved across the trough 925 and
is in contact with second ridge 927. As can be further seen in Figure 16, the

hammer 610 has repositioned in the housing 610.

[0081] Figure 17 shows a point in time when the hammer 610 has
continued to rotate R as the output shaft 630 remains stationary. As can be
seen in Figure 17, the hammer 610 is in contact with the tab 928 and the

second pin 613b has started to move back towards the first ledge 926.

[0082] Figure 18 shows a point in time when the hammer 610 has
continued to rotate R as the output shaft 630 remains stationary. As can be
seen in Figure 18, the hammer 610 is not in contact the tab 633 or any part of
the output shaft 630 and the second pin 613B has moved back into contact
with the first ledge 926.

[0083] Figure 19 shows a point in time when the hammer 610 has continued
to rotate R as the output shaft 630 remains stationary. As can be seen in
Figure 19, the hammer 610 is free to rotate until striking and contacting the

tab 633 in the position shown in Figure 11. At that time, energy is transferred
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from the hammer 610 to the tab 633, and ultimately to the output shaft 630, to
rotate the output shaft 630 if enough torque can be transferred from the
hammer 610 to the tab 633. If sufficient torque exists, the hammer 610 will
continue to rotate the output shaft 630. When insufficient torque exits to
rotate the output shaft 630, such as for example when the output shaft 630 is
connected to a drill bit that has engaged a restrictive surface, the tab 633
begins to slip from the tab 633 as described above. The impulsive force
generated between the hammer lobe and the drive shaft protrusion produces
the output torque. This action repeats as long as the vane motor continues to
receive input from the external fluid supply. The repeated impulsive force
transfer creates the characteristic indexing action of the tool. The amount of
rotation seen at the bit for each impulse depends on the reacting torque from

the external load.

[0084] Referring again to Figures 1 and 2, the output shaft 630 is supported in
the bearing/shaft section 16 of the casing 18 by bearings 16A. In this
exemplary embodiment, the motor assembly 10 includes 10 bearings16A,
however, in another embodiment, none, one, or more bearings may be used.
Bearings 16A may be roller bearings, angular contact or any type of bearing

used to support shaft rotation.

[0085] The bearing/shaft section 16 is held in place in the casing18 by output
end cap 22. Output end cap 22 is assembled to the casing 18 by threads
22A. In another embodiment, the output end cap 22 may be welded, brazed

or fastened to the casing 18.

[0086] The coupler 24 is attached to the output shaft 30 by threads 25. In
another embodiment, the coupler 24 may be welded, brazed or fastened to
the output shaft 30. The coupler 24 includes an internal fluid passage 26
having an inlet 26A and an outlet 26B. The inlet 26A is in fluid connectivity

with the passage 633 of the outlet shaft 630 so as to receive fluid therefrom
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and discharge fluid via the outlet 26B. The coupler 24 may be attached to a

shaft, drill bit, or other extension for providing rotation to a tool or device.

[0087] Figure 20 shows the motor assembly 10 shown in Figure 1 attached to
a drilling shaft 990 and bit 992 to form a drilling assembly 995. As will be
appreciated by one of ordinary skill in the art, this configuration is exemplary,
and other shaft and bit configurations, including, but not limited to flexible

shaft and rotary hammer assemblies, may be used.

[0088] While the invention has been described with reference to a
preferred embodiment, it will be understood by those skilled in the art that
various changes may be made and equivalents may be substituted for
elements thereof without departing from the scope of the invention. In
addition, many modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention not be limited to the
particular embodiment disclosed as the best mode contemplated for carrying
out this invention, but that the invention will include all embodiments falling

within the scope of the appended claims.
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CLAIMS
WHAT IS CLAIMED IS:

1. A motor assembly, comprising:
a casing;
a vane motor disposed within the casing;
a drive section coupled to the vane motor; and
an output shaft coupled to the drive section;
wherein the drive section comprises:
a drive hammer coupled to the vane motor that

engages the output shaft to provide rotation thereto.

2. The motor assembly of claim 1, wherein the drive section further

comprises:
a housing; and

pins attached to the housing that contact the drive hammer such
that the hammer can pivot about one pin of the pins to change position

within the housing.

3. The motor assembly of claim 2, wherein the change of position of the

hammers causes the hammers to disengage from the drive section.
4. The motor assembly of claim 1, wherein the output shaft comprises:
a tab for releasably engaging the drive hammer.
5. The motor assembly of claim 1, wherein the drive hammer comprise:
a protrusion for engaging the drive section in a releasable manner.

6. The motor assembly of claim 5, wherein the protrusion is released from
the drive section when a predetermined amount of torque is applied from

the hammer to the drive section.

7. The motor assembly of claim 2, wherein the drive hammer includes a slot

that allows for rotational contact with a pin of the pins attached to the
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housing, and wherein the drive hammer further includes a trough that
allows for sliding contact with a second pin of the pins attached to the

housing.
8. A drill assembly, comprising:

a motor assembly comprising:
a casing;
a vane motor disposed within the casing;
a drive section coupled to the vane motor;

an output shaft coupled to the drive section; and

a drill bit assembly coupled to the output shaft of the motor assembly;
wherein the drive section comprises:
a drive hammers coupled to the vane motor that

engage the output shaft to provide rotation thereto.
9. The drill assembly of claim 1, wherein the drive section further comprises:
a housing; and

pins attached to the housing that contact the drive hammer such
that the hammer can pivot about one pin of the pins to change position

within the housing.

10.The motor assembly of claim 8, wherein the change of position of the

hammers causes the hammers to disengage from the drive section.
11.The motor assembly of claim 7, wherein the output shaft comprises:
a tab for releasably engaging the drive hammer.
12.The motor assembly of claim 7, wherein the drive hammer comprise:
a protrusion for engaging the drive section in a releasable manner.

13.The motor assembly of claim 11, wherein the protrusion is released from
the drive section when a predetermined amount of torque is applied from

the hammer to the drive section.
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14. The motor assembly of claim 9, wherein the drive hammer includes a slot
that allows for rotational contact with a pin of the pins attached to the
housing, and wherein the drive hammer further includes a trough that
allows for sliding contact with a second pin of the pins attached to the

housing.



PCT/US2014/019012

WO 2014/158645
Docket No.: SD11627.2/8121149

Z 9.nB14

9 STAN T4 €e9 0z  cpz
a9¢ 0€9 A4
S A ——. )
\\\\c uy N Y TN KRNI TN SNy ///// = = = _ — —

L LTI T2 T AT T Z 7T

I

\N\@%w@\\ WYY

i 1= AR
B Rt S S S Sy e e R o el N I Y S i
AANa N
vc ¢c Yic 3l //<©r 9l //3 ¢l

o—"
L 94nBi14

Page 10of 10

L

bodd

|

ve cc



PCT/US2014/019012

WO 2014/158645
Docket No.: SD11627.2/8121149

oLc Llic

y 91nbB14

Page 2 of 10



WO 2014/158645
Docket No.: SD11627.2/8121149

Page 3 of 10

PCT/US2014/019012

Fligure 5

230



PCT/US2014/019012

WO 2014/158645
Docket No.: SD11627.2/8121149

g aiunbi4

Page 4 of 10



WO 2014/158645 PCT/US2014/019012
Docket No.: SD11627.2/8121149

Figure 7

Page 5 of 10



WO 2014/158645 PCT/US2014/019012
Docket No.: SD11627.2/8121149

921 Figure 9

— 9026

Figure 10

Page 6 of 10



0000000000000
£ No.: 8D11627.2/

00000000000000000

Figure 12

Figure 11



WO 2014/158645 PCT/US2014/019012
Docket No.: SD11627.2/8121149

Figure 15 Figure 16

Page 8 of 10



WO 2014/158645 PCT/US2014/019012
ocket No.: SD11627.2/8121149

613B

Figure 19



WO 2014/158645 PCT/US2014/019012
Docket No.: SD11627.2/8121149

Figure 20




International application No.

PCT/US2014/019012

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
E21B 4/02(2006.01)i, E21B 10/00(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 4/02; E21B 4/00, B25D 15/02; B25B 21/02; F04C 2/344; F03C 2/22; E21B 10/00

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(KTPO internal) & Keywords: motor, drill, drive and hammer

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 7510023 B1 (CHENG, MING-TA) 31 March 2009 1-14
See column 1, line 40-column 4, line 10 and figures 2-6,9.
A US 2005-0092525 A1 (TEALE, DAVID WARREN et al.) 05 May 2005 1-14
See paragraphs [0033]-[0080] and figures 1-13.
A US 7331404 B2 (PUSATERI, DANIEL S.) 19 February 2008 1-14
See column 2, line 10-column 5, line 8 and figures 1-7.
A US 4287956 A (MAURER, SPENCER B.) 08 September 1981 1-14
See column 3, line 52-column 7, line 37 and figures 1-10.
A US 6561777 B2 (GRUPPING, ARNOLD W. J.) 13 May 2003 1-14

See column 2, line 50-column 7, line 39 and figures 1-14B.

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E"  earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P"  document published prior to the international filing date but later

than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory undetlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

e

myn

ng"

Date of the actual completion of the international search

20 June 2014 (20.06.2014)

Date of mailing of the international search report

20 June 2014 (20.06.2014)

Name and mailing address of the ISA/KR
International Application Division

« Korean Intellectual Property Office

X 189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No. +82-42-472-7140

Authorized officer

KIM, Jin Ho

Telephone No. +82-42-481-8699

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2014/019012

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 7510023 B1 31/03/2009 None

US 2005-0092525 Al 05/05/2005 CA 2486277 Al 29/04/2005
CA 2486277 C 05/10/2010
GB 0424087 DO 01/12/2004
GB 2407625 A 04/05/2005
GB 2407625 B 08/08/2007
NO 20044675 A 02/05/2005
NO 327070 Bl 14/04/2009
US 7172039 B2 06/02/2007

US 7331404 B2 19/02/2008 AU 2003-279955 Al 04/05/2004
AU 2003-279955 A8 04/05/2004
US 2006-0144601 Al 06/07/2006
WO 2004-033155 A2 22/04/2004
WO 2004-033155 A3 01/07/2004

US 4287956 A 08/09/1981 AU 542696 B2 03/07/1985
AU 6060780 A 02/12/1981
CA 1138692 Al 01/04/1983
DK 340880 A 02/11/1981
F1 802461 A 02/11/1981
GB 2055653 A 03/11/1981
GB 20556653 B 06/02/1983
JP 56-033277 A 03/04/1981
SE 8005610 A 02/11/1981

US 6561777 B2 13/05/2003 AU 1998-97657 Al 10/05/1999
AU 1998-97657 B2 27/06/2002
AU 749527 B2 27/06/2002
AU 9765798 A 10/05/1999
BR 9813117 A 22/08/2000
CA 2306622 Al 29/04/1999
CN 1276853 AD 13/12/2000
EA 001966 B1 22/10/2001
EP 1025362 Al 09/08/2000
1L 135643 DO 20/05/2001
JP 2001-521097 A 06/11/2001
KR 10-2001-0051342 A 16/04/2001
NL 1007613 C2 23/04/1999
NO 20001918 A 21/06/2000
NO 20001918 DO 12/04/2000
NZ 504075 A 26/11/2002
TR 200001086 T2 21/03/2001
US 2001-0055537 Al 27/12/2001
US 6302666 Bl 16/10/2001
WO 99-20904 Al 29/04/1999

Form PCT/ISA/210 (patent family annex) (July 2009



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - wo-search-report
	Page 33 - wo-search-report

