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(57) Abstract: Various embodiments include methods and apparatus structured to increase efficiencies of a drilling operation. A
drilling apparatus can be structured to include a hammer drill to move a hammer to impart impact force to a bit box in conjunction
with a rotary drive shaft. The hammer drill can be arranged as a mechanical drive hammer capable of being applied to both fluid
o drilling and air drilling. Additional apparatus, systems, and methods are disclosed.
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HAMMER DRILL MECHANISM

Technical Field
[0001] The present invention relates generally to apparatus for drilling.
Background
[0002] In drilling wells for oil and gas exploration, the environment in which the

drilling tools operate is at significant distances below the surface. Due to harsh environments
and depths in which drilling in formations is conducted, enhanced efficiencies to drilling

mechanisms are desirable.

Brief Description of the Drawings

[0003] Figure 1 is a schematic diagram of a cross-section of an example drilling
apparatus that includes a mechanical-operated hammer, in accordance with various
embodiments.

[0004] Figure 2A is a schematic diagram of a guide pin in a guide grove, in
accordance with various embodiments.

[0005] Figure 2B is a schematic representation of key slots to which the rotary drive
shaft of Figure 1 can engage, in accordance with various embodiments.

[0006] Figure 3 is a schematic diagram of the cross-section of the example drilling
apparatus of Figure 1 in which a hammer imparts an impact force to a bit box, in accordance
with various embodiments.

[0007] Figure 4 is a schematic diagram of an example guide pin rotated to the lower
tip of in a guide grove, in accordance with various embodiments.

[0008] Figure 5A is a schematic representation of a portion of an example rotary
drive shaft having male splines, in accordance with various embodiments.

[0009] Figure 5B is a schematic representation of a portion of example female splines
of a positive displacement motor to couple the male splines on rotary drive shaft of Figure
SA, in accordance with various embodiments.

[0010] Figure 6 is a flow diagram of an example method of operating a hammer drill

mechanism, in accordance with various embodiments.
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[0011] Figure 7 is a schematic representation of an example system at a drilling site,
where the system includes a drilling apparatus having a mechanical-operated hammer, in

accordance with various embodiments.

Detailed Description

[0012] The following detailed description refers to the accompanying drawings that
show, by way of illustration and not limitation, various embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice these and other embodiments. Other embodiments may be
utilized, and structural, logical, and electrical changes may be made to these embodiments.
The various embodiments are not necessarily mutually exclusive, as some embodiments can
be combined with one or more other embodiments to form new embodiments. The following
detailed description is, therefore, not to be taken in a limiting sense.

[0013] In various embodiments, a mechanical-operated hammer unit can be structured
to be run in both a hydraulic drilling operation and a pneumatic drilling operation. Pneumatic
drilling can use air or other gas to drive drilling components of a tool downhole during
drilling, while hydraulic drilling can use one or more liquids to drive drilling components of a
tool downhole during drilling. The liquids may include what is referred to as mud, which can
be taken to be drilling fluid that can used in hydrocarbon drilling and may include different
types of water-based, oil-based, and synthetic-based drilling liquids. To aid in facilitation of
such flexible operation, a mechanical-operated hammer unit may be combined with a positive
displacement motor (PDM) providing a combo motor.

[0014] Figure 1 is a schematic diagram an example embodiment of a drilling
apparatus 100 that includes a mechanical-operated hammer. The drilling apparatus 100 can
include a housing 2, a rotary drive shaft 1 disposed in the housing 2, and a hammer 2 within
the housing 2. The rotary drive shaft 1 can be located along a longitudinal axis 14 of the
housing 2, where the rotary drive shaft 1 can rotate in the housing 2, while the housing 2
remains stationary. The rotary drive shaft 1 can be realized as a rotary drive shaft with
splines 13, as shown in Figure 5, where Fiigure 5 is a schematic representation of a portion of
the rotary drive shaft 1 having the splines 13. The rotary drive shaft 1 can be connected to an
upper drive shaft in a drill string. Splines are projections on a shaft that fit into slots on a
corresponding shaft, enabling both to rotate together. A key 8 can be disposed between the

hammer 5 and the rotary drive shaft 1. The key 8 can be arranged as engagement key to

2



WO 2016/126258 PCT/US2015/014744

engage the hammer 5 with the rotary drive shaft 1 to operatively provide rotation to the
hammer 5. The key 8 can be realized as a linear bearing, which only moves parallel to the
axis 14. A number of keys can be used. For example, four keys can be used as shown in
Figure 1. A spring 4 can be disposed in the housing 2 and can be located between the
hammer 5 and a spring retainer 3. The spring retainer 3 is fixed in the housing 2, where the
housing 2 is operationally stationary to the well bore. The spring 4 can be arranged to
transfer impact force, via the hammer 5, to a bit box 10 for a drill bit. The bit box 10 may be
disposed with respect to a bit retainer 9.

[0015] Drilling apparatus 100 can include a guide pin 7 arranged in a guide grove 11
in the housing 2 to provide a spring load from the spring 4 to the hammer 5 correlated to
position of the guide pin 7 in the guide grove 11. As shown, the drilling apparatus 100 can
include a number of guide pins 7. The number of guide pins 7 may equal the number of keys
8, however, the number of guide pins 7 need not equal the number of keys 8. A number of
key slots 12, shown in Figure 2B, can be arranged between the hammer 5 and the rotary drive
shaft 1 to accept the key 8. A bearing 6 is fixed to the housing 2 and can be disposed
between the housing 2 and the hammer 5. The bearing 6 may extend a length along the
longitudinal axis 14 such that axial motion of the hammer 5 is within the length to which the
bearing 6 extends.

[0016] The housing 2 may include a PDM 15 coupled to the rotary drive shaft 1 via
the splines 13-1 of the rotary drive shaft 1 shown in Figures SA and 5B. The splines 13-1 can
be connected to the rotor of the PDM 15 such that the rotor of the PDM 15 can turn the rotary
drive shaft 1. PDM 15 can include female splines 13-2 to couple the male splines 13-1 on
rotary drive shaft 1 as shown in Figures 5B and 5A, respectively. The PDM 15 can be
arranged to drive to the rotary drive shaft 1 hydraulically or pneumatically with the hammer 5
operatively driven mechanically by the spring 4. The rotary drive shaft 1 can be coupled to a
drill string. The housing 2 can be disposed in a directional drilling tool. The housing 2 can
be disposed in a mud motor.

[0017] Figure 1 shows rotary drive shaft 1 at a rotation position during drilling. As
rotary drive shaft 1 rotates clockwise, key 8 between the hammer 5 and the drive shaft 1 acts
as an engagement key, enabling hammer 5 to rotate. Rotation can be from a mud motor,
pneumatic motor, or other appropriate motor. Figure 2A is a schematic diagram showing
guide pin 7 in guide grove 11. The guide pin 7 is shown as a circle corresponding to the tip

of guide pin 7 in Figure 1. Rotation of the drive shaft 1 is transferred to the hammer 5 by
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keys 8, which are located at key slots 12. Guide grove 11 on the hammer 5 contacts the guide
pins 7 due to the rotation of the hammer 5. As the hammer 5 rotates, based on the
engagement with the drive shaft 1, the hammer 5 moves upward because the guide pins 7
contact the lowest end of the hammer path in guide grove 11. (See Figure 2A.) The spring 4
is compressed when the hammer 5 move upward. The compressed spring 4 can apply its
spring load to the hammer 5, by action of the spring 4 moving to its uncompressed state.
[0018] Because of the spring load and continuous rotation of the rotary drive shaft 1,
guide pins 7 “drop” when it passed the lowest end of the hammer path in guide grove 11.
(See Figure 4.) The hammer 5 falls, where the hammer 5 has moved based on the spring 4
reacting to the compression of the spring 4 by the hammer 5. This position is shown in
Figure 3, where Figure 3 shows hammer 5 in contact with a shoulder 17 of the rotary drive
shaft 1 connected to the bit box 10, where the hammer 5 hits the shoulder 17 of the rotary
drive shaft 1 and creates an impact. At this point, hammer 5 transfers an impact force to the
bit box 10. As the rotary drive shaft 1 with splines 13 rotates, the hammer 5 slides downward
and transfers the impact force to the drill bit via the bit box 10. The splines 13-1 from the
rotary drive shaft 1 of Fligure 5A slide a very short distance from female splines 13-1 of
Figure 5B, where there is rotation transfer. During drilling, rotary drive shaft 1 can
continually rotate, repeating the abovementioned actions of the hammer 5 moving up to
compress the spring 4 and sliding down to transfer force from the spring 4 to the bit box 10.
As a result, impact is continually applied to the drill bit as a periodic impact corresponding to
the motion of the hammer 5 as it rotates upward and slides downward, tied to the engagement
with the rotary drive shaft 1.

[0019] Figure 6 is a flow diagram of an embodiment of a method 600 of operating a
hammer drill mechanism. At 610, a drilling tool is used to drill in a formation. At 620, a
rotary drill shaft is operated to rotate a hammer in the drilling tool such that the hammer
compresses a spring. Operating the rotary drill shaft can include driving the rotary drill shaft
using a positive displacement motor disposed in housing with the hammer and the spring.
Operating the rotary drill shaft may include driving the rotary drill shaft using a motor
operating hydraulically. The motor may be a positive displacement motor disposed in
housing with the hammer and the spring. Alternatively, operating the rotary drill shaft may
include driving the rotary drill shaft using a motor operating pneumatically. The motor may

be a positive displacement motor disposed in housing with the hammer and the spring. At
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630, the rotary drill shaft is rotated such that the spring drives the hammer to impart an
impact force to a drill bit during the drilling.

[0020] The method 600 or a similar method to drill in the formation can include
rotating the drill bit in contact with the formation. The method 600 or a similar method to
drill in the formation can include directional drilling. The method 600 or a similar method to
drill in the formation can include operating the drilling tool as a measurement-while-drilling
tool.

[0021] Figure 7 depicts an example embodiment of a system 700 at a drilling site,
where the system 700 includes a drilling apparatus 705 having a mechanical-operated
hammer. The drilling apparatus 705 having a mechanical-operated hammer can be realized
in a similar or identical manner to a drilling apparatus having a mechanical-operated hammer
discussed herein and can be configured to operate in accordance with the teachings herein.
The system 700 can be arranged in a land based drilling operation or a subsea drilling
operation.

[0022] The system 700 can include a drilling rig 702 located at a surface 704 of a well
706 and a string of drill pipes, that is, the drill string 708, connected together so as to form a
drilling string that is lowered through a rotary table 707 into a wellbore or borehole 712. The
drilling rig 702 can provide support for the drill string 708. The drill string 708 can operate
to penetrate rotary table 707 for drilling a borehole 712 through subsurface formations 714.
The drill string 708 can include drill pipe 718 and a bottom hole assembly 720 located at the
lower portion of the drill string 708.

[0023] The bottom hole assembly 720 can include drill collar 715 and a drill bit 726.
The drill bit 726 can operate to create the borehole 712 by penetrating the surface 704 and the
subsurface formations 714. The drilling apparatus 705 having a mechanical-operated
hammer can be structured for an implementation in the borehole 712 of a well as a
measurements-while-drilling (MWD) system such as a logging-while-drilling (LWD) system
to determine formation properties, which can be used to direct drilling operations based on
the determined properties.

[0024] During drilling operations, the drill string 708 can be rotated by the rotary
table 707. In addition to, or alternatively, the bottom hole assembly 720 can also be rotated
by a motor (e.g., a mud motor) that is located downhole. The drill collars 715 can be used to
add weight to the drill bit 726. The drill collars 715 also can stiffen the bottom hole assembly
720 to allow the bottom hole assembly 720 to transfer the added weight to the drill bit 726,
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and in turn, assist the drill bit 726 in penetrating the surface 704 and subsurface formations
714.

[0025] During drilling operations, a mud pump 732 can pump drilling fluid, which
can be drilling mud, from a mud pit 734 through a hose 736 into the drill pipe 718 and down
to the drill bit 726. A mud motor 727 can be disposed above drill bit 726 to create rotation
for the drill bit. The drilling fluid can flow out from the drill bit 726 and be returned to the
surface 704 through an annular area 740 between the drill pipe 718 and the sides of the
borehole 712. The drilling fluid may then be returned to the mud pit 734, where such fluid is
filtered. In some embodiments, the drilling fluid can be used to cool the drill bit 726, as well
as to provide lubrication for the drill bit 726 during drilling operations. Additionally, the
drilling fluid may be used to remove the subsurface formation 714 cuttings created by
operating the drill bit 726.

[0026] In an example 1, a drilling apparatus can comprise: a housing; a rotary drive
shaft disposed in the housing, the rotary drive shaft located along a longitudinal axis of the
housing; a hammer within the housing; a key disposed between the hammer and the rotary
drive shaft, the key arranged as engagement key to engage the hammer with the rotary drive
shaft to operatively provide rotation to the hammer; and a spring disposed in the housing and
located between the hammer and a spring retainer, the spring arranged to transfer impact
force, via the hammer, to a bit box. The rotary drive shaft can be from a mud motor.

[0027] In an example 2, the subject matter of example 1 can include a guide pin
arranged in a guide grove in the housing to provide a spring load from the spring to the
hammer correlated to position of the guide pin in the guide grove.

[0028] In an example 3, the subject matter of example 1 or 2 can include a number of
key slots arranged between the hammer and the rotary drive shaft to accept the key.

[0029] In an example 4, the subject matter of any of examples 1-3 can include a
bearing disposed between the housing and the hammer.

[0030] In an example 5, the subject matter of any of examples 1-4 can include a
bearing extending a length along the longitudinal axis such that motion of the hammer is
within the length to which the bearing extends.

[0031] In an example 6, the subject matter of any of examples 1-5 can include the
housing to include a positive displacement motor coupled to the rotary drive shaft via splines

of the rotary drive shaft.
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[0032] In an example 7, the subject matter of any of examples 1-6 can include the
positive displacement motor arranged to drive to the rotary drive shaft hydraulically or
pneumatically with the hammer operatively driven mechanically by the spring.

[0033] In an example 8, the subject matter of any of examples 1-7 can include the
rotary drive shaft coupled to a drill string.

[0034] In an example 9, the subject matter of any of examples 1-8 can include the
housing disposed in a directional drilling tool.

[0035] In an example 10, the subject matter of any of examples 1-9 can include the
housing is disposed in a measurement-while-drilling tool.

[0036] Hammer drill mechanisms similar to or identical to hammer drill mechanisms
taught herein can provide operational flexibility. Though conventional hammer drills are
typically capable to be driven by liquid or air but not both, embodiments of hammer drill
mechanisms that are mechanical drive hammers, as taught herein, may apply to both fluid
drilling and air drilling. It is noted that, since conventional mechanical hammer drills attach
as additional components at the bit box end, such conventional mechanical hammer drills
effectively increase the length of the drill bit. Embodiments of hammer drill mechanisms that
can be applied to both air and fluid drilling applications can be installed integrated with PDM
motors whose housing stay stationary during drilling. With such hammer drill mechanisms
integrated with the PDM motor, the effective drill bit length effectively stays the same as a
configuration without a hammer drill.

[0037] 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.
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Claims

What is claimed is:

1. A drilling apparatus comprising:

a housing;

a rotary drive shaft disposed in the housing, the rotary drive shaft located along a
longitudinal axis of the housing;

a hammer within the housing;

a key disposed between the hammer and the rotary drive shaft, the key arranged as
engagement key to engage the hammer with the rotary drive shaft to operatively provide
rotation to the hammer; and

a spring disposed in the housing and located between the hammer and a spring

retainer, the spring arranged to transfer impact force, via the hammer, to a bit box.

2. The drilling apparatus of claim 1, wherein a guide pin is arranged in a guide grove in
the housing to provide a spring load from the spring to the hammer correlated to position of

the guide pin in the guide grove.

3. The drilling apparatus of claim 1, wherein a number of key slots are arranged between

the hammer and the rotary drive shaft to accept the key.

4. The drilling apparatus of claim 1, wherein a bearing is disposed between the housing

and the hammer.

5. The drilling apparatus of claim 4, wherein the bearing extends a length along the
longitudinal axis such that motion of the hammer is within the length to which the bearing

extends.

6. The drilling apparatus of any one of claims 1-5, wherein the housing includes a
positive displacement motor coupled to the rotary drive shaft via splines of the rotary drive

shaft.
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7. The drilling apparatus of claim 6, wherein the positive displacement motor is arranged
to drive to the rotary drive shaft hydraulically or pneumatically with the hammer operatively

driven mechanically by the spring.

8. The drilling apparatus of any one of claims 1-5, wherein the rotary drive shaft is

coupled to a drill string.

9. The drilling apparatus of any one of claims 1-5, wherein the housing is disposed in a

directional drilling tool.

10. The drilling apparatus of any one of claims 1-5, wherein the housing is disposed in a

measurement-while-drilling tool.

11. A method comprising:

drilling in a formation using a drilling tool;

operating a rotary drill shaft to rotate a hammer in the drilling tool such that the
hammer compresses a spring; and

rotating the rotary drill shaft such that the spring drives the hammer to impart an

impact force to a drill bit during the drilling.

12. The method of claim 11, wherein operating the rotary drill shaft includes driving the
rotary drill shaft using a positive displacement motor disposed in housing with the hammer

and the spring.

13. The method of any one of claims 11-12, wherein operating the rotary drill shaft

includes driving the rotary drill shaft using a motor operating hydraulically.

14. The method of any one of claims 11-12, wherein operating the rotary drill shaft

includes driving the rotary drill shaft using a motor operating pneumatically.

15. The method of any one of claims 11-12, wherein drilling in the formation includes

rotating the drill bit in contact with the formation.
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16. The method of any one of claims 11-12, wherein drilling in the formation includes

directional drilling.

17. The method of any one of claims 11-12, wherein drilling in the formation includes

operating the drilling tool as a measurement-while-drilling tool.

10



PCT/US2015/014744

1/6

WO 2016/126258

Fig. 1




2222222222222

IIIIIIIIIIIIIIII

Fig. 2A

.

SSSSSSSS



PCT/US2015/014744

WO 2016/126258

3/6

Fig. 3



WO 2016/126258

4/6

GUIDE PIN POSITION

NS

Fig. 4

PCT/US2015/014744



WO 2016/126258 PCT/US2015/014744

5/6

/////

13-2
15
Fig. 5A Fig. 5B
600

\‘ 610

/
DRILL IN A FORMATION USING A DRILLING TOOL
2

/6 0

OPERATE A ROTARY DRILL SHAFT TO ROTATE A HAMMER
IN THE DRILLING TOOL SUCH THAT THE HAMMER
COMPRESSES A SPRING

630
/-

ROTATE THE ROTARY DRILL SHAFT SUCH THAT THE SPRING
DRIVES THE HAMMER TO IMPART AN IMPACT FORCE TO A
DRILL BIT DURING DRILLING

Fig. 6



WO 2016/126258 PCT/US2015/014744

6/6

[

736

732

734 L]llll I
|| LIS

714

4+—740

N

L —715

720< 727




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2015/014744

A. CLASSIFICATION OF SUBJECT MATTER

E21B 4/06(2006.01)i, E21B 6/02(2006.01)i, E02F 5/20(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 4/06, E21B 4/14; E21B 10/36; E21B 4/00;, E21B 17/07, E21B 6/00; E21B 6/02; EO2F 5/20

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electromic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & keywords; hammer, rotating shaft, percussion, spring, key, and index

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

X US 2013-0264119 A1 (GYNZ-REKOWSKI et al.) 10 October 2013 1,3-17
See abstract, paragraphs [0023]-[0025], [0032], claims 17, 27,
and figures 1-2, 9.

Y 2

Y US 6557653 B2 (HAUPTMANN et al.) 06 May 2003 2
See abstract, column 6, lines 6-35, and figures 2A-2B.

A US 8739901 B2 (COTE, BRADLEY R.) 03 June 2014 1-17
See abstract, column 7, lines 13-28, claim 1, and figure 4.

A US 2004-0140131 A1 (SUSMAN, HECTOR FILLIPUS ALEXANDER VAN DRENTHAM) 1-17
22 July 2004
See abstract, paragraphs [0082]-[0088], and figures 4A-4B.

A US 8720608 B2 (DOWNTON et al.) 13 May 2014 1-17
See abstract, column 5, lines 7-34, and figure 1.

|:| 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

carlier application or patent but published on or after the international
filing date

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

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

document published prior to the international filing date but later
than the priority date claimed

R

e

"o

wpr

"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

'

myn

ng"

Date of the actual completion of the international search
27 October 2015 (27.10.2015)

Date of mailing of the international search report

28 October 2015 (28.10.2015)

Name and mailing address of the ISA/KR
International Application Division
& Korean [ntellectual Property Office
189 Cheongsa-1o, Seo-gu, Dagjeon Metropolitan City, 35208,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer

LEE, Jong Kyung

Telephone No. +82-42-481-3360

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




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2015/014744
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2013-0264119 Al 10/10/2013 CA 2867706 Al 03/10/2013
EP 2831361 Al 04/02/2015
WO 2013-148521 Al 03/10/2013
US 6557653 B2 06/05/2003 AU 2001-51938 Al 24/01/2002
AU 2001-51938 B2 25/11/2004
CN 1333112 A 30/01/2002
DE 10034742 Al 31/01/2002
EP 1174225 Al 23/01/2002
EP 1174225 Bl 19/09/2007
JP 04842458 B2 21/12/2011
JP 2002-097885 A 05/04/2002
US 2002-0020566 Al 21/02/2002
ZA 200105839 A 07/02/2002
US 8739901 B2 03/06/2014 CA 2714704 Al 03/06/2011
CA 2717484 Al 17/09/2009
EP 2260172 Al 15/12/2010
US 2011-0031020 Al 10/02/2011
US 2014-0338978 Al 20/11/2014
WO 2009-111887 Al 17/09/2009
US 2004-0140131 Al 22/07/2004 CA 2449506 Al 28/11/2002
CA 2449506 C 06/07/2010
GB 2392939 A 17/03/2004
GB 2392939 B 25/01/2006
US 7073610 B2 11/07/2006
WO 02-095180 A2 28/11/2002
WO 02-095180 A3 16/01/2003
US 8720608 B2 13/05/2014 CN 102066685 A 18/05/2011
GB 2473394 A 09/03/2011
GB 2473394 B 13/02/2013
GB 2489628 A 03/10/2012
GB 2489628 B 13/02/2013
GB 2489629 A 03/10/2012
GB 2489629 B 13/02/2013
NO 20101740 A 26/01/2011
RU 2011100795 A 20/07/2012
US 2011-0120725 Al 26/05/2011
WO 2009-151962 A2 17/12/2009
WO 2009-151962 A3 04/03/2010

Form PCT/ISA/210 (patent family annex) (January 2015)




	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 - claims
	Page 10 - claims
	Page 11 - claims
	Page 12 - drawings
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - wo-search-report
	Page 19 - wo-search-report

