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(57) Abstract: A separator removes solids from downhole fluid of a wellbore for intake of a downhole
pump and allows the removed solids to pass out an outlet downhole of the separator. The separator handles
erosion that may occur by having first and second inner bodies disposed in an outer body. The first inner
body and extends from intake to a first distal end in the interior, whereas the second inner extends from ad -
jacent an outlet to a second distal end in the interior. A space between the second distal end disposed about
the first distal end allows for fluid entering an inlet of the outer housing to pass into the second inner body.
A flow body disposed in the space can then produce tlow in the downhole fluid separating particulate from
the downhole fluid passing from the inlet, to the interior, through the defined space, and to the second pas-
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Centrifugal Separator for Downhole Pump

-by-
John E. Stachowiak & Santhosh Ramaswamy

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]  This application claims the benefit of U.S. Provisional Appl. 62/118,994, filed 20-
FEB-2015, and Appl. 62/119,980, filed 24-FEB-2015, which are both incorporated herein

by reference.

BACKGROUND OF THE DISCLOSURE
[0002]  Artificial lifts system having downhole pumps are widely used in wells to lift liquid
produced in the well to the surface. To reduce wear, plugging, and other issues from sand
and other solid particles, the intake of the downhole pumps can be fitted with a sand
control system. For example, screens and filters can be used to filter out sand and other
particles before it can enter the pump. Yet, these device may eventually become plugged or
may not prevent particles of a smaller size. A centrifugal separator is a more effective way
to reduce the flow of sand and foreign particles that can reach the downhole pump.
[0003] Asshown in Figures 1A-1B, casing 10 has perforations 12 toward a downhole end
for entry of well fluids. A downhole pump 20 disposed in the casing 10 extends from a
tubing string (not shown), which extends toward the surface. Extending from the pump 20,
a centrifugal separator 30 is positioned near the perforations 12.
[0004] In Figure 1A, the downhole pump 20 is a reciprocating rod-type pump for lifting
liquid in tubing uphole to the surface. In this arrangement, the separator 30 mounts to the
intake 22 of the pump 20 with tubing 16 and connector 18. As is known, such a pump 20
typically has a barrel in which a plunger can reciprocate by a sucker rod string extending
from surface equipment.
[0005] In Figure 1B, the downhole pump 20 is an electric submersible pump for lifting
liquid in tubing uphole to the surface. In this arrangement, the separator 30 mounts
downhole from the pump 20 using a packer 17, tubular housing 16, and the like. As is
known, such a submersible pump 20 typically has a pump unit 21a driven by an electric
motor 21b supplied with electrical energy from an electrical cable 21c extending from the

surface. The packer 17 is positioned on the tubing 16 between the separator 30 and the
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pump 20. Production fluids are diverted into the separator 30, back into the casing 10
uphole of the packer 17, past the motor 21b for cooling, and into the pump intake 22.

[0006] In both of these arrangements, sand 15 in the well fluids from the adjacent
formation enters the casing 10 through the perforations 12. To remove the sand 15 and
other particles from the well fluid before it reaches the pump 20, the separator 30 first
intakes the well fluid from the perforations 12 and separates the heavier solid sand and
particles from the fluid before the pump 20 lifts the fluid through the tubing string.

[0007]  Below the centrifugal separator 30, the assembly has a collector 40 with one or
more mud anchor joints 40 that form a collection volume for solid particles from the
separator 30. A bull plug 44 can plug the end of joints 42. The collector 40 collects sand
and other solid particles and may be of a substantial length (e.g., thirty to three hundred
feet). Instead of a bull plug 44, the collector 40 can have a dump valve to dump solids into
the lower rathole on each downstroke of the pump 20.

[0008] As an example, Figure 2A shows a centrifugal separator 30 for separating solid
particles from the well fluid in the wellbore. The separator 30 is similar to that disclosed in
US Pat. No. 5,314,018.

[0009] A gasanchor body 34 connects to the tubing 16 with a connection 18a. The body
34 has inlet ports 32 for the well fluid flow to enter. The anchor body 34 connects to a
desander body 35 with a connection 18b. The desander body 35 has a connection 18c that
connects to a collector 40 having mud anchor joints 42 and bull plug 44. An orifice tube 36
extends down through the anchor body 34 to the desander body 35 and has a spiral head
38 on its distal end.

[0010] As noted above, such a centrifugal separator 30 is a preferred device for removing
solids from the well fluid before it is pulled into the intake of the downhole pump 20.
Produced fluids WF enter the separator 30 through the inlet slots 32 and flows down into
the desander body 35 and through the spiral 38 to enter the orifice tube 36 and flow
upward to the pump (20). The spiral 38 makes the flow follow a circular path through a
“spiral-shaped” annular space. Details of the spiral on the orifice tube and the flow of fluid
are shown in more detail in Figure 2B. Through centrifugal action, the heavier particles S
are forcibly spun against the desander body 35 and settle into the collector 40. Meanwhile,
cleaner fluid CF remains at or near the axis of the intake tube 36 concentric to the desander

body 35, thus allowing this “clean” fluid CF to be pulled into the intake for the pump (20).
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[0011]  The spinning action of the heavier (and very hard/abrasive) sand S wears against
and erodes the inner diameter of the desander body 35. This erosion occurs to the point
where the lower section of the separator 30 comes apart and drops into the well. In
particular, the section of the desander body 35 at about the location of the spiral 38 parts,
and the section of the body 35 along with the connected mud anchor joints 42 and the bull
plug 44 drop into the well.

[0012] To address the issue of the separator coming apart, it is known in the art to
incorporate milled flats on the outer diameter of the desander body. An example of such a
separator is disclosed in US Pat. No. 5,810,081, which is reproduced in Fig. 3. A milled flat
38 is made in an outer tubular member 20 of a separator 18. The milled flat 38 essentially
reduces the wall thickness in the eroding section of the tubular member 20 near a spiral 32.
During use, the reduced wall thickness eventually allows the sandy fluid to break through
the tubular member 20 at 39 near a funnel 48. Once the fluid breaks through, the
centrifugal spiral action stops, preventing the tubular member 20 from parting and keeping
the lower section of the assembly from dropping into the well. This is effective, but reduces
the life of the separator 18 and increases the production cost due to the machining
operation required to mill the flats.

[0013]  The subject matter of the present disclosure is directed to overcoming, or at least

reducing the effects of, one or more of the problems set forth above.

SUMMARY OF THE DISCLOSURE
[0014] In afirst embodiment, a separator removes solids from downhole fluid of a
wellbore for intake of a downhole pump and allows the removed solids to pass out an
outlet downhole of the separator. The separator comprises an outer body, a first inner
body, a second inner body, and a flow body. The outer body extends from adjacent the
intake of the downhole pump. The outer body has an interior, an inlet, and an outlet, and
the inlet communicates the downhole fluid in the wellbore with the interior.
[0015]  The firstinner body is at least partially disposed in the outer body and extends
from a first proximal end adjacent the intake to a first distal end in the interior. The first
inner body defines a first passage communicating the first distal end with the intake
adjacent the first proximal end. The second inner body is also at least partially disposed in
the outer body. However, the second inner body extends from a second proximal end

adjacent the outlet to a second distal end in the interior. The second inner body defines a
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second passage communicating the second distal end with the outlet adjacent the second
proximal end. This second distal end is disposed about the first distal end of the firstinner
body and defines a space for fluid communication therebetween.

[0016]  The flow body is disposed in the space between the first and second inner bodies.
The flow body produces flow in the downhole fluid separating particulate from the
downbhole fluid passing from the inlet, to the interior, through the defined space, and to the
second passage.

[0017] A blocking body can be disposed in a region between the second inner body and
the outer housing to at least partially block the region. For example, the blocking body can
be a seal, a filter, or a funnel.

[0018]  The second passage of the second inner body communicates the separated
particular to the outlet, while the first passage of the first inner body communicates the
downbhole fluid in the second passage to pass to the intake of the downhole pump. For its
part, the flow body can include a spiral formed in the space between the first distal end of
the first inner body at least partially disposed in the second distal end of the second inner
body.

[0019]  The outer body can include a tubular housing having one end coupled toward the
intake and having another end coupled toward the outlet. The inlet can be one or more
openings defined in a sidewall of the tubular housing. In a similar fashion, the first inner
body can include a first tubular disposed in the outer body and having a first diameter,
while the second inner body can include a second tubular disposed in the inner body and
having a second diameter greater than the first diameter. This second tubular can have a
full wall thickness all around along its length; a hard coating disposed at leastin the second
passage; a different material than the first tubular and/or the outer housing; and a shorter
length than the first tubular and/or the outer housing.

[0020] Inasecond embodiment, a separator removes solids from fluid of a wellbore for
intake of a downhole pump and allows the removed solids to pass out an outlet downhole
of the separator. The separator includes a first inner body, a second outer body, and an
outer housing. The first inner body extends from adjacent the intake and defining a first
passage communicating the intake with a first distal end. The second inner body extends
from adjacent an outlet and defines a second passage communicating the outlet with a
second distal end. The second distal end is disposed about the first distal end and defines a

space for fluid communication therebetween.
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[0021]  The outer body extends from adjacent the intake toward the outlet and is disposed
about the first and second inner bodies. The outer body has an inlet communicating the
wellbore with an interior of the outer body, and the interior communicates with the space.
In turn, the space disposed in the space between the first and second inner bodies
separates particulate from the downhole fluid passing from the inlet, to the interior,
through the defined space, and to the second fluid passage. In particular, a flow body
disposed in the space between the first and second inner bodies producing flow in the
downbhole fluid separating the particulate from the downhole fluid passing from the inlet,
to the interior, through the defined space, and to the second fluid passage

[0022] In athird embodiment, an apparatus for lifting fluid in a wellbore comprises a
downhole pump, a collector, and a separator. The downhole pump has an intake, and an
outer body of the separator extends from adjacent the intake. The outer body has an
interior with an inlet communicating the interior with the wellbore. The collector extends
from the outer body.

[0023] The separator includes a first inner body disposed in the outer body and
extending from adjacent the intake to a first distal end in the outer body. The first inner
body defining a first passage communicating the first distal end with the inlet. The
separator also includes a second inner body disposed in the outer body and extending from
adjacent the collector to a second distal end between the outer body and the first inner
body. The second inner body defines a second passage, which communicates the collector
with the first passage and defines a space with the first inner body in fluid communication
with the interior of the outer body. A flow body disposed in the space produces flow in the
downbhole fluid separating particulate from the downhole fluid passing from the inlet, to
the interior, through the defined space, and to the second fluid passage.

[0024] In a fourth embodiment, a method of removing particles from fluid of a wellbore to
an intake of a downhole pump involves: taking in the fluid into an interior through an inlet
in communication with the wellbore; passing the fluid in the interior through a space
between a second inner body disposed at least partially in a first inner body; separating
particulate from the fluid passing through the space into a first passage of the first inner
body; collecting the separated particulate to a collector downhole of the first inner body;
and taking up the fluid in the first passage through a second passage in the second inner

body to the intake.
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[0025] The foregoing summary is not intended to summarize each potential embodiment

or every aspect of the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]  Figs. 1A-1B illustrate examples of an artificial lift system having a downhole pump
and a centrifugal separator according to background of the present disclosure.
[0027]  Fig. 2A illustrates an example of a centrifugal separator according to the prior art
for use with the downhole pump.
[0028]  Fig. 2B illustrates portion of the centrifugal separator of Fig. 2A in more detail.
[0029]  Fig. 3 illustrates portion of another centrifugal separator according to the prior
art.
[0030] Fig. 4A illustrates a centrifugal separator according to the present disclosure for
use with a downhole pump and a collector of an artificial lift system.

[0031]  Fig. 4B illustrates portion of the centrifugal separator of Fig. 4A in more detail.

DETAILED DESCRIPTION OF THE DISCLOSURE
[0032] Asshown in Figure 3A, an apparatus for lifting fluid in a wellbore includes a
downhole pump 20, a separator 100, and a collector 40. The downhole pump 20 has an
intake 22 and can be any suitable type of pump for artificially lifting fluid in the wellbore.
For example, the pump 20 can be a reciprocating rod type pump, electric submersible
pump, or progressive cavity type pump. The separator 100 extends downhole of the pump
20 for separating out solids (e.g., sand, particles, etc.) in well fluid from the wellbore. The
collector 40 extends downhole from the separator 100 and collects the separated solids
from the well fluid.
[0033] The separator 100 has an outer body 130 having an interior 132 and having an
inlet 134 communicating the interior 132 with the wellbore. A firstinner body 110
extends from a first proximal end at the intake 22 to a first distal end within the outer body
130. The first inner body 110 defines a first fluid passage 112, and the distal end has a
spiral 120 disposed thereabout. This first fluid passage 112 forms a first outlet for the
separator 100 to communicate clean fluid to the intake 22 of the pump 20.
[0034] A second inner body 140 extends from a second proximal end at the bottom sub
127 to a second distal end between the outer body 130 and the first inner body 110. The

second inner body 140 defines a second fluid passage 142. As arranged, the second fluid
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passage 142 communicates the collector 40 with the first fluid passage 112 of the first
inner body 110 and also defines a space 146 with the first inner body 110 in fluid
communication with the interior 132 of the outer body 130. This second fluid passage 142
forms a second outlet for the separator 100 to communicate solids or particulate (e.g.,
sand, particles, etc.) to the collector 40.

[0035] Looking more particularly at Figures 3A-3B, the separator 100 includes a seating
nipple 102 that connects to the pump 20 either directly or using tubing, couplings, or the
like. A reducing bushing (not shown) positioned at 104 connects the seating nipple 102 to
the first inner body. Extending from the coupling 125a, the outer body or gas anchor body
130 connects by a coupling 125b to a bottom sub 127. When arranged in a downhole
assembly as disclosed herein, the bottom sub 127 can connect to other downhole
components, such as a collector 40 having a mud anchor joints and bull plug that form the
collection volume for solids from the separator 100.

[0036] The firstinner body or diptube 110 extends inside the interior 132 of the gas
anchor body 130 from the upper seating nipple 102 toward a lower end. Opposed to the
diptube 110, the second inner body or desander body 140 extends inside the interior 132
of the gas anchor body 130 from the lower coupling 125b toward the distal end of the
diptube 110. A seal 144 disposed outside the distal end of the desander body 140 at least
partially seals the outer annular space 136 with the anchor body 130. However, an inner
annular space 146 is left between the exterior of the diptube 110 and the interior passage
142 of the desander body 140. A flow body 120, such as a spiral head having one or more
spirals 124 or profiles, is disposed on the distal end of the diptube 110 in the inner annular
space 146 with the desander body 140. An orifice or opening 122 on the head 120
communicates the interior 142 of the desander body 140 with the diptube’s interior 112 to
communicate fluid to the intake 22 of the pump 20. (As an alternative, the inner surface of
the desander body 140 may define the one or more spirals or helical profiles.)

[0037]  During operation of the pump 20 uphole of the seating nipple 102, well fluid and
any particles entering the casing (10) from the perforations (12) is drawn in through the
inlet slots 134 in the anchor body 130. The fluid and particles pass through the inner
annular space 146 between the distal end of the diptube 110 and the desander body 140.
The spiral head 120 with its spiral 124 imparts rotation to the passing fluid and particles,

causing the heavier particles to flow outward toward the desander body 140 while the
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cleaner fluid remains more centrally to be taken up through the open end 122 of the head
120 and into the diptube’s interior passage 112.

[0038]  As seen, the separator 100 has the desander body 140 supported from below and
extending up over the spiral body 120 of the diptube 110. This allows the desander body
140 to be manufactured with a full wall thickness all around. In the event that the sandy
fluid erodes the desander body 140 through the entire cross section, no separator
components drop into the well because the desander body 140 is supported by the bottom
sub 127. The anchor body 130 remains intact and is not eroded through.

[0039] Additionally, the desander body 140 can be shorter in length than the outer body
130. Therefore, the body 140 can be composed of alternate materials, or hard coatings may
be used on the inside of the body 140 without adding to much additional expense. With
this arrangement of the inner desander body 140, however, there is a chance that the
desander body 140 and the gas anchor body 130 become sanded together as the sand fills
and packs into the dead region between them. For this reason, the desander body 140 uses
the seal 144 or filter to block the particulate from settling in this region. This seal 144 or
filter may be comprised of, but is not limited to, rubber, plastic, steel, or other material. In
one embodiment, the seal 144 or filter can be an annular brush held onto the desander
body 140 with lock rings 145 or other fasteners. The seal 144 or filter can entirely or
partially block off the annular region. Other structures, including screens, funnels, and the
like, can be used to block off the annular region.

[0040] The foregoing description of preferred and other embodiments is not intended to
limit or restrict the scope or applicability of the inventive concepts conceived of by the
Applicants. It will be appreciated with the benefit of the present disclosure that features
described above in accordance with any embodiment or aspect of the disclosed subject
matter can be utilized, either alone or in combination, with any other described feature, in
any other embodiment or aspect of the disclosed subject matter.

[0041] In exchange for disclosing the inventive concepts contained herein, the Applicants
desire all patent rights afforded by the appended claims. Therefore, itis intended that the
appended claims include all modifications and alterations to the full extent that they come

within the scope of the following claims or the equivalents thereof.
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WHAT IS CLAIMED IS:

1. A separator for an intake of downhole fluid in a downhole pump disposed in a
wellbore, the separator comprising:

an outer body extending from adjacent the intake of the downhole pump, the outer
body having an interior, an inlet, and an outlet, the inlet communicating the
downhole fluid in the wellbore with the interior;

a firstinner body at least partially disposed in the outer body, the first inner body
extending from a first proximal end adjacent the intake to a first distal end in
the interior, the first inner body defining a first passage communicating the
first distal end with the intake adjacent the first proximal end;

a second inner body at least partially disposed in the outer body, the second inner
body extending from a second proximal end adjacent the outlet to a second
distal end in the interior, the second inner body defining a second passage
communicating the second distal end with the outlet adjacent the second
proximal end, the second distal end disposed about the first distal end of the
first inner body and defining a space for fluid communication therebetween;
and

a flow body disposed in the space between the first and second inner bodies and
producing flow in the downhole fluid separating particulate from the
downbhole fluid passing from the inlet, to the interior, through the defined

space, and to the second passage.

2. The separator of claim 1, further comprising a blocking body disposed in a region
between the second inner body and the outer housing and at least partially blocking the

region.

3. The separator of claim 2, wherein the blocking body comprises one of a seal, a filter,

and a funnel.

4. The separator of claim 1, wherein the second passage of the second inner body

communicates the separated particular to the outlet.
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5. The separator of claim 1, wherein the first passage of the first inner body
communicates the downhole fluid in the second passage to pass to the intake of the

downhole pump.

6. The separator of claim 1, wherein the flow body comprises a spiral formed in the
space between the first distal end of the first inner body at least partially disposed in the

second distal end of the second inner body.

7. The separator of claim 1, wherein the outer body comprises a tubular housing
having one end coupled toward the intake and having another end coupled toward the

outlet, the inlet being one or more openings defined in a sidewall of the tubular housing.

8. The separator of claim 1, wherein the first inner body comprises a first tubular
disposed in the outer body and having a first diameter; and wherein the second inner body
comprises a second tubular disposed in the inner body and having a second diameter

greater than the first diameter.

0. The separator of claim 8, wherein the second tubular comprises one or more of: a
full wall thickness all around along its length; a hard coating disposed at leastin the second
passage; a different material than the first tubular and/or the outer housing; and a shorter

length than the first tubular and/or the outer housing.
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10.  Aseparator for an intake of downhole fluid in a downhole pump in a wellbore, the
separator comprising:

a first inner body extending from adjacent the intake and defining a first passage
communicating the intake with a first distal end;

a second inner body extending from adjacent an outlet and defining a second
passage communicating the outlet with a second distal end, the second distal
end disposed about the first distal end and defining a space for fluid
communication therebetween; and

an outer body extending from adjacent the intake toward the outlet and disposed
about the first and second inner bodies, the outer body having an inlet
communicating the wellbore with an interior of the outer body, the interior
communicating with the space; and

wherein the space between the first and second inner bodies separates particulate
from the downhole fluid passing from the inlet, to the interior, through the

defined space, and to the second fluid passage.

11 The separator of claim 10, comprising a flow body disposed in the space between
the first and second inner bodies and producing flow in the downhole fluid separating the
particulate from the downhole fluid passing from the inlet, to the interior, through the

defined space, and to the second fluid passage.

12.  An apparatus for lifting fluid in a wellbore, the apparatus comprising:

a downhole pump having an intake;

an outer body extending from adjacent the intake, the outer body having an interior
and having an inlet, the inlet communicating the interior with the wellbore;

a collector extending from the outer body;

a first inner body disposed in the outer body and extending from adjacent the intake
to a first distal end in the outer body, the firstinner body defining a first
passage communicating the first distal end with the inlet;

a second inner body disposed in the outer body and extending from adjacent the
collector to a second distal end between the outer body and the first inner
body, the second inner body defining a second passage, the second passage

communicating the collector with the first passage and defining a space with
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the first inner body in fluid communication with the interior of the outer
body; and

a flow body disposed in the space and producing flow in the downhole fluid
separating particulate from the downhole fluid passing from the inlet, to the

interior, through the defined space, and to the second fluid passage.

13. A method of removing particulate from downhole fluid of a wellbore communicated
to an intake of a downhole pump, the method comprising:
taking in the fluid into an interior through an inlet in communication with the
wellbore;
passing the fluid in the interior through a space between a second inner body
disposed at least partially in a first inner body;
separating particulate from the fluid passing through the space into a first passage
of the first inner body;
collecting the separated particulate to a collector downhole of the first inner body;
and
taking up the fluid in the first passage through a second passage in the second inner

body to the intake.



WO 2016/134312

10 20
\ N

1 22

—16

L—18

N—30

LS
\
S

15— U4
T4~ L~ 14

FIG. 1A
(Background)

27a—{

\'

a/"16

L—17

42—

——
[ mm—)

]

FC

4,

— 30

H 40

44

L—15

—14

SUBSTITUTE SHEET (RULE 26)

PCT/US2016/018768

FIG. 1B
(Background)



WO 2016/134312 PCT/US2016/018768

2/4
16
/78&
32~
IN
l, \\ J T
Ensni
j_lji |_~18a
_~34
H L~ 32
- 18b WF
% UL
:ﬁak—&e
)? —CF
g i | s
[ | l l_~-./'S
0 18c FIG. 2B
W 42 (Prior Art)
“ FIG. 24
(Prior Art)

SUBSTITUTE SHEET (RULE 26)



WO 2016/134312 PCT/US2016/018768

3/4
\f\
14 —4
D
- \\ -
- Q \§ -
N
0\ N
. b < - \;\ "
] %
18— N
N N
12—~ [ \:;2,:——26
28-<2/-7- >—\_S '; 7
A | LT 30
7z 7 29
g KN
12\f f
32— 1— < T

\ \‘1/ |N _
L
1

]

48 I\
) ". 11— 12
/ é _A/Z’_ 46
Y 41 -- AE
2~ § N4 [
— (Prior Art)

SUBSTITUTE SHEET (RULE 26)



WO 2016/134312 PCT/US2016/018768

4/4
[ | X\
I 1
___?_122 112— | 170
. /
00 102 130~ Y132
NN . n (4—145
W W THr~704 ~~ M
J_ N~ 7254 144
12— P lLi—1710 N N|
AT~136
134 ¢
i | 146
] 1
132—1p _~130 W g—720
112—4 |
7
It
124 j
145 ‘ "
‘- 4— 140
144 .
1 w7
qrrr—142
[ 120
o | W
142—P |h— 140 | _ L/125b
I
4
1 | _~1725b A 7
E , %/727 127
| FIG. 4A )
i """ |_-40
] FIG. 4B

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/018768

A. CLASSIFICATION OF SUBJECT MATTER

INV. E21B43/38
ADD.

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

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

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

Y US 1 604 019 A (CARNES ALFRED H) 1-13
19 October 1926 (1926-10-19)

column 1, lines 31-37,42-52; figures 1,4
column 2, lines 72-93

Y US 5 810 081 A (COBB DELWIN E [US] ET AL) 1-13
22 September 1998 (1998-09-22)
cited in the application

column 3, lines 14-23; figure 1
A US 5 516 360 A (NORMANDEAU LAWRENCE J [CA] 1-13
ET AL) 14 May 1996 (1996-05-14)
the whole document

A US 2014/158343 Al (COBB DELWIN E [US] ET 1-13
AL) 12 June 2014 (2014-06-12)
the whole document

See patent family annex.

D Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

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

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"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

step when the document is taken alone

"Y" 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

Date of the actual completion of the international search

27 April 2016

Date of mailing of the international search report

11/05/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Simunec, Duro

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2016/018768
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 1604019 A 19-10-1926  NONE
US 5810081 A 22-09-1998  NONE
US 5516360 A 14-05-1996  CA 2146580 Al 09-10-1995
us 5516360 A 14-05-1996
US 2014158343 Al 12-06-2014 CA 2894408 Al 19-06-2014
US 2014158343 Al 12-06-2014
WO 2014093468 A2 19-06-2014

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	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 - claims
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report

