wo 2017/100047 A1 |1 I} NP0 OO0 OO0 R T )

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/100047 A1

15 June 2017 (15.06.2017) WIPOIPCT

(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
FO2M 43/04 (2006.01) FO2M 61/18 (2006.01) kind of national protection available): AE, AG, AL, AM,
(21) International Application Number: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
’ BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
PCT/US2016/064099 DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
30 November 2016 (30.11.2016) KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
. MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(25) Filing Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(26) Publication Language: English SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,

(30) Priority Data: ZW.

14/961,944 8 December 2015 (08.12.2015) us
(84) Designated States (uniess otherwise indicated, for every
(71) Applicant: CATERPILLAR INC. [US/US]; 100 N.E. kind of regional protection available). ARIPO (BW, GH,
Adams St., Peoria, Illinois 61629 (US). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(72) Inventors: BRASCHE, Adrienne M.; 1413 West Tomar TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
Court, Peoria, IL 61614 (US). BEAN, Sunil J.; 1601 W. TJ, T™), European (AL, AT, BE, BG, CH, CY, CZ, DE,
] ] o >

Coneflower Dr., Apt. 4215, Peoria, IL 61615 (US) DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, I8, IT, LT, LU,
- AP ’ ’ : LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(74) Agents: WAPPEL, John et al.; Caterpillar Inc., 100 N.E. SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,

Adams Street — AH9510, Peoria, Illinois 61629-9510 (US).

GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: INJECTOR SEALS FOR DUAL FUEL APPLICATION

fa8
~44

; =]
- 42

46

N
N

: /T'W'}ﬁmﬂﬁf\
yau
2

2

(57) Abstract: A dual fuel injector (10) configuration is provided that in-
cludes a plurality of seals around a fuel check needle to prevent transfer of a
gaseous fuel to portions of the injector (10) intended for handling of liquid
fuel, prevent transfer of liquid fuel to portions of the injector (10) intended
for handling of gaseous fuel, or a combination thereof. At least one seal can
correspond to a pressure-assisted sealing member (100) suitable for sealing
against transfer of liquid fuel. At least one additional seal can correspond to a
pressure-assisted sealing member (100) suitable for sealing against transfer of
gaseous fuel. The sealing members can be separated by a backing member
that provides structural support for one or both of the sealing members. The
volume occupied by the backing member can also include a conduit to an ex-
ternal surtace of the injector (10).
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Description

INIECTOR SEALS FOR DUAL FUEL APPLICATION

TECHNICAL FIELD

The present disclosure relates generally to dual fuel common rail
systems, and more particularly to a dual fuel injector having a plurality of fuel

check valves.

BACKGROUND

Dual fuel injectors allow for introduction of multiple types of fuel
into a combustion chamber.  Although the dual fuels are combusted in a
common combustion chamber environment, the multiple fuels are not
necessarily delivered to the combustion chamber under sumilar conditions.
Depending on the nature of each fuel, different fuels may be delivered into the
combustion environment at different pressures. The fuels may also be in
different phases when delivered to the environment, such as having a first fuel
delivered as a liquid phase fuel while at least a portion of a second fuel is
delivered as a gas phase fuel.

Some dual fuel injectors can include a separate check valve for
each fuel that operates to inject each fuel without interference from the other.
For such dual fuel injectors, it may be desirable to use one of the fuels, such as a
condensed phase fuel, as the fluid for controlling the operation of the check
valves in the fuel injector. However, this can present difficulties with undesired
mixing of hiquid fuel into a portion of the injector dedicated to handling a
gasecus fuel, or introduction of a gaseous fuel into a portion of the injector
dedicated to handling a liquid fuel.

U.S. Patent 8 978,623 attempis to address the above issues for a
dual fuel injector with concentric fuel check valves. A concentric dual fuel
injector is described that includes a sealing member around the diesel fuel check
to prevent diesel fuel from leaking from the diesel fuel check cavity into the
gaseous fuel orifice. However, it would be desirable to provide a more efficient
dual fuel mjector that substantially prevents mixing of fuels in undesirable
jocations within the fuel injector. The present disclosure is directed toward one

or more of the problems set forth above.
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SUMMARY

In accordance with one embodiment, a dual fuel injector is
provided. The dual fuel injector includes an 1njector body, a nozzle, a first-fuel
check needle, a second-fuel check needle, a first sealing member, a second
sealing member, a backing ring disposed in an intermediate volume, and a
conduit from the intermediate volume to an exterior surface of a fuel check
guide. The injector body is configured to receive a first fuel and a second fuel.
The nozzle has a first set of orifices for injecting the first fuel and a second set of
orifices for injecting the second fuel. The first-fuel check needle 1s at least
partially disposed in a first-fuel check reservoir. The second-fuel check needle is
at least partially disposed in a second-fuel check cavity and at least partially
disposed in the first-fuel check reservoir. The first sealing member is disposed
around the exterior of the second-fuel check needle. The first sealing member is
configured to prevent the first fuel from leaking from the first-fuel check
reservoir into the second-fuel check cavity. The second sealing member is
disposed around an exterior of the second-fuel check needle and between the
second-fuel check cavity and the first-fuel check reservoir. The second sealing
member 1s configured to prevent the second fuel from leaking from the second-
fuel check cavity into the first-fuel check reservoir. The backing ring is disposed
around the exterior of the second-fuel check needle in an intermediate volume
between the first sealing member and the second sealing member.

In accordance with another embodiment, a dual fuel common rail
fuel system s provided. The dual fuel common rail fuel system includes a first-
fuel source, a second-fuel source, a first-fuel rail, a second-fuel rail, at least one
first-fuel pump, at least one second-fuel pump, and a dual fuel injector. The at
least one first-fuel pump is configured to pressurize a first fuel from the first-fuel
source and deliver the first fuel to the first-fuel rail. The at least one second-tuel
pump is configured to pressurize a second fuel from the second-fuel source and
deliver the second fuel to the second-fuel rail. The dual fuel injector 1s fluidly
coupled to the first-fuel rail and to the second-fuel rail. The dual fuel injector
includes an injector body, a nozzle, a first-fuel check needle, a second-fuel check
needle, a first sealing member, a second sealing member, a backing ring
disposed in an intermediate volume, and a conduit from the intermediate volume

to an exterior surface of a fuel check guide. The injector body 1s configured to
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receive a first fuel and a second fuel. The nozzle has a first set of orifices for
injecting the first fuel and a second set of orifices for injecting the second fuel.
The first-fuel check needle is at least partially disposed in a first-fuel check
reservoir. The second-fuel check needle is at least partially disposed in a second-
fuel check cavity and at least partially disposed in the first-fuel check reservoir.
The first sealing member 1s disposed around the exterior of the second-fuel
check needle. The first sealing member 13 configured to prevent the first fuel
from leaking from the first-fuel check reservoir into the second-fuel check
cavity. The second sealing member is disposed around an exterior of the
second-fuel check needle and between the second-fuel check cavity and the first-
fuel check reservoir. The second sealing member is configured to prevent the
second fuel from leaking from the second-fuel check cavity into the first-fuel
check reservoir. The backing ring 1s disposed around the exterior of the second-
fuel check needle in an intermediate volume between the first sealing member
and the second sealing member.

In accordance with still another embodiment, a dual fuel engine
system is provided. The dual fuel engine systen includes a first-fuel source, a
second-fuel source, a furst-fuel rail, a second-fuel rail, at least one firsi-fuel
pump, at least one second-fuel pump, and a dual fuel engine. The at least one
first-fuel pump is configured to pressurize a first fuel from the first-fuel source
and deliver the first fuel to the first-fuel rail. The at least one second-fuel pump
is configured to pressurize a second fuel from the second-fuel source and deliver
the second fuel to the second-fuel rail. The dual fuel engine includes at least one
dual fuel injector fluidly coupled to the second-fuel rail and to the first-fuel rail.
The at least one dual fuel injector includes an injector body, a nozzle, a first-tuel
check needle, a second-fuel check needle, a first sealing member, a second
sealing member, a backing ring disposed in an intermediate volume, and a
conduit from the mtermediate volume to an exterior surface of a fuel check
guide. The injector body 1s configured to receive a first fuel and a second fuel.
The nozzle has a first set of orifices for injecting the first fuel and a second set of
orifices for injecting the second fuel The first-fuel check needle is at least
partially disposed in a first-fuel check reservoir. The second-fuel check needle is
at least partially disposed in a second-fuel check cavity and at least partially

disposed in the first-fuel check reservoir. The first sealing member is disposed
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around the exterior of the second-fuel check needle. The first sealing member 18
configured to prevent the first fuel from leaking from the first-fuel check
reservolr into the second-fuel check cavity. The second sealing member is

disposed around an exterior of the second-fuel check needle and between the

W

second-fuel check cavity and the first-fuel check reservoir. The second sealing
member 1s configured to prevent the second fuel from leaking from the second-
fuel check cavity into the first-fuel check reservoir. The backing ring is disposed
around the exterior of the second-fuel check needle in an intermediate volume

between the first sealing member and the second sealing member.

10 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross-section of a dual fuel injector according to a
first embodiment.
FIG. 2 shows a cross-section of a portion of the dual fuel injector
according to the first embodiment.
15 FIG. 3 shows a detail view of a sealing configuration according to
a second embodiment.
FIG. 4 shows a perspective view of a fuel check guide according
to the second embodiment.
FIG. 5 shows an example of a backing ring according to a third
20 embodiment.
FIG. 6 shows a detail view of a sealing contiguration according to
the third embodiment.
FiG. 7 shows an example of assembly of a backing ring into a
fuel check guide according to the third embodiment.
25 FiG. 8 schematically shows an example of a fuel system

incorporating a dual fuel common rail injector.

DETAILED DESCRIPTION

In various aspects, a dual fuel injector configuration is provided

that includes a plurality of seals around a fuel-check needle to prevent transfer of

30 a gaseous fuel to portions of the myector intended for handling of liquid tuel,
prevent transfer of liquid fuel to portions of the injector intended for handling of

gaseous fuel, or a combination thereof. At least one seal can correspond to a
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pressure-assisied sealing member suitable for sealing against transfer of hiquid
fuel. At least one additional seal can correspond to a pressure-assisted sealing
member suitable for sealing against transfer of gaseous fuel. The sealing
members can be separated by a backing member that provides structural support
for one or both of the sealing members. The volume occupied by the backing
member can also include a conduit to an external surface within the injector,
such as an exterior surface of a fuel check guide, so that any leaks of either tuel
into the space between the sealing members can be detected at the exterior
surface.

FIGS. 1 and 2 depict the internal structure and fluid circuitry of
an injector 10 according to a first embodiment. In particular, an injector body 14
includes fuel supply inlets corresponding to a diesel-fuel supply inlet 16 (ie,
first-fuel supply inlet) and a gaseous-fuel supply inlet 12 (ie, second-fuel
supply inlet). Fuel can be delivered to diesel-fuel supply inlet 16 and gaseous-
fuel supply inlet 12 in any convenient manner, such as by a quill assembly as
described below.

Fuel delivered to diesel-fuel supply inlet 16 can be passed into
various portions of the injector 10 in any convenient manner. For the
embodiment shown in FIG. 1, injector body 14 further defines a diesel-fuel
supply passage 18 to provide fluid communication between diesel-fuel supply
inlet 16 and a diesel fuel supply line 34. Injector body 14 also includes a
gaseous-tuel supply passage 20 that is not in the plane of the cutaway view in the
embodiment shown 1n FIG. 1. More generally, any conventent number of
passages can be included in injector body 14 for providing diesel fuel and/or
gaseous fuel to desired locations within the injector. Exterior casing 22 can be
composed of any convenient material for providing an exterior casing for at least
a portion of the injector 10. For example, exterior casing 22 can be formed from
a material with desirable properties for thermal management, chemical
resistance, and/or any other convenient consideration.

As shown in greater detail in FIG. 2, injector 10 includes a diesel-
fuel check needle 42 (i.e, furst-fuel check needle) and a gaseous-tuel check
needle 38 (i.e., second-fuel check needle}. Injector 10 also includes a diesel-fuel
check reservoir 90, the volume of which is defined by a reservoir side wall 54, a

reservolr top wall 36, and a fuel check guide 56, (Gaseous-fuel check needle 38
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is at least partially disposed within diesel-fuel check reservoir 90, and at least
partially disposed within gaseous-fuel check cavity 186, In between diesel-fuel
check reservoir 90 and gaseous-tuel check cavity 186, gaseous-fuel check needie
38 passes through channel 74 in fuel check guide 56. Diesel-fuel check needle
42 1s at least partially disposed within diesel-fuel check reservoir 90, Diesel-fuel
check cavity 188 corresponds to a portion of diesel-fuel check reservoir 90, or
diesel-fuel check cavity 188 can correspond to a separate volume that is
optionally in fluid communication with diesel-fuel check reservoir 90, Dhesel-
fuel check needle also passes through fuel check guide 560 Whle the
embodiment shown in FIG 2 depicts a single fuel check guide, in some
alternative embodiments a check guide for gaseous-fuel check needle 38 and a
check guide for diesel-fuel check needle 42 may correspond to separate
structures.

In the embodiment shown in FIG. 2, gaseous-fuel check needle
38 can be moved between at least a first position and a second position to control
injection of gaseous fuel from gaseous-fuel check cavity 186 into an engine
combustion chamber via nozzle 72. Gaseous-fuel check cavity 186 can receive
gaseous fuel based on being 1o fluid communication, either directly ot indirectly,
with gaseous-fuel supply inlet 12. In a first position, gaseous-fuel check needle
38 blocks fluid communication between gaseous-fuel check cavity 186 and
gasecus-fuel orifices 66 in nozzle tip 60. In a second position, gaseous-fuel
check needle 38 can allow fluid communication between gaseous-tuel check
cavity 186 and gasecus-fuel orifices 06. Similarly, diesel-fuel check needle 42
can be moved between at least a first position and a second position to allow for
injection of diesel fuel from diesel-fuel check cavity 188 into an engine
combustion chamber via diesel-fuel orifices 166 in nozzle tip 62. Diesel fuel can
be supplied to diesel-fuel check cavity 188 based on diesel-fuel check cavity 188
being in flmd communication with diesel-fuel check reservoir 90. Alternatively,
diesel-fuel check cavity 188 can be in fluid communication, either directly or
indirectly, with diesel-fuel supply inlet 16 and/or diesel fuel supply line 34.

Gaseous-fuel check needle 38 and diesel-fuel check needle 42 can
be movable between at least a first position and a second position. For example,
a first position of the diesel-fuel check needle can correspond to a position that

blocks fluid communication of diesel fuel into an engine combustion chamber,
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while a second position allows flow of a fuel into the engine combustion
chamber. Simularly, a first position of the gaseous-fuel check needle can
correspond to a position that blocks thud communication of gaseous fuel into an
engine combustion chamber, while a second position allows flow of a fuel into
the engine combustion chamber. The movement of gaseous-fuel check needle
38 and/or diesel-fuel check needle 42 can be controlled in any convenient
manner. In the embodiment shown in FIG. 2, the movement of gaseous-tuel
check needle 38 can be controlled in part based on control chamber 92, biasing
spring 48, and hydraulic surface 78 Biasing spring 48 1s positioned between
flange 82 and a second structure. The second structure can correspond 1o
reservoir top wall 36 that defines a top of control chamber 92, a surface of
separator 40 that separates diesel-fuel check reservoir 90 from control chamber
92, or another convenient structure. Biasing spring 48 biases the gaseous-fuel
check needle 38 toward being in the first position. When the gaseous-fuel check
needle 38 is in a first position, control chamber 92 can be filled with pressurized
diesel fuel. The gaseous-fuel check needle 38 can be moved by removing at
feast a portion of the diesel fuel pressure from control chamber 92 through drain
orifice 30. Drain orifice 50 and fill orifice 52 may be in selective fluid
communication with control chamber 92, as will be discussed in greater detail
below. The pressure of diesel fuel in diesel-fuel check reservoir 90 can act on
hydraulic surface 78 to overcome the biasing force from biasing spring 48 and
move gaseous-fuel check needle 38 from the first position toward a second
position. After injection of gaseous fuel into a combustion chamber, gaseous-
fuel check needle 38 can be returned to the first position by pressurizing the
diesel fuel in controf chamber 92 through fill orifice 52. Fill orifice 52 can be in
fluid communication, for example, with diesel fuel supply line 34 (see FIG. 1}
The movement of diesel-fuel check needle 42 can be controlled in
part based on control chamber 94, biasing spring 46, and hydraulic surface 86.
Biasing spring 46 is positioned between flange 88 and a second structure. The
second structure can correspond to reservoir top wall 36 that defines a top of
control chamber 94, a surface of separator 44 that separates diesel-fuel check
reservoir 90 from control chamber 94, or another convenient structure. Biasing
spring 46 biases the diesel-fuel check needle 42 toward being in the first

position. When the diesel-fuel check needle 42 is in a first position, control
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chamber 94 ts filled with pressurized diesel fuel. The diesel-fuel check needle
42 can be moved by removing at least a portion of the diesel fuel pressure from
control chamber 94 through drain orifice 58 Drain orifice 58 and fill orifice 64
may be in selective fluid communication with control chamber 94, as will be
discussed in greater detail below. The pressure of diesel fuel in diesel-fuel check
reservolr 90 can act on hydraulic surface 86 to overcome the biasing force from
biasing spring 46 and move diesel-fuel check needie 42 from the first position
toward a second position. After injection of diesel fuel into a combustion
chamber, diesel-fuel check needle 42 can be returned to the first position by
pressurizing the diesel fuel in control chamber 94 through fill orifice 64, Fill
orifice 64 can be in fluid communication, for example, with diesel fuel supply
line 34,

Returning to FIG. 1, the motion of gaseous-fuel check needle 38
and diesel-fuel check needle 42 can be operated by an electrical actuator 32,
such as one or more solenoid actuators and/or piezo-type actuators. Electrical
actuator 32 can allow for selective control of fluid communication between drain
orifice 50 and control chamber 92; fill orifice 52 and control chamber 92; drain
fine 38 and control chamber 94; and/or fill orifice 64 and control chamber 94.
The actuator(s) can allow for selective control based on opening and closing of,
for example, two-way or three-way valves associated with drain orifice SO, drain
orifice 58, fill line 52, and/or fill line 64. In the example shown in FIG 1, a
single electrical actuator 32 is shown for controlling the movement of both
gaseous-fuel check needle 38 and diesel-fuel check needle 42 In other
embodiments, separate electrical actuators can be used to operate the separate
check needles within an injector. The operation of electrical actuator {(and/or
other actuators) can be controlied by an electronic control module 164, as will be
discussed in more detail in connection with FIG. 8 below.

The gaseous-fuel check needle 38 is at least partially disposed in
diesel-fuel check reservoir 90 and at least partially disposed in gaseous-fuel
check cavity 186. Between diesel-fuel check reservoir 90 and gaseous-fuel
check cavity 186, gaseous-tuel check needle 38 passes through a channel 74 1o
fuel check guide 56. The channel 74 in fuel check guide 56 provides a potential
pathway for fluid communication between diesel-tfuel check reservoir 90 and

gaseous-fuel check cavity 186, This type of fluid communication can be
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prevented by using a plurality of sealing members. FIGS. 3 and 4 show an
exemplary embodiment of using a plurality of sealing members to reduce,
minimize, or prevent fluid communication between diesel-fuel check reservoir
90 and gaseous-fuel check cavity 186, so that commingling of diesel fuel and
gaseous fuel can be substantially avoided.

In FIG. 3, gaseous-fuel check needie 38 is shown passing through
a plurality of sealing members that are located in the channel 74 0 fuel check
guide 56. A sealing member 100 (i.e, first sealing member) can correspond to a
seal suitable for sealing against flow of a pressurized liguid, such as diesel fuel
pressurized at about 40 MPa. A sealing member 104 (ie, second sealing
member) corresponds to a seal suitable for sealing against flow of a pressurized
gas, such as a gaseous fuel pressurized at about 35 MPa. Sealing member 1060
can be configured as a static seal that can be adapted to withstand rapid pressure
changes within the injector 10.  Similarly, sealing member 104 can be
configured as a static seal that can be adapted to withstand rapid pressure
changes within the injector 10.  Alternatively, one or both of sealing member
100G and sealing member 104 can be configured as a dynamic seal. Based on the
fuel pressures that are typically present within a tuel injector, the sealing
member 100 and/or the sealing member 104 can be pressure-assisted seals. For
example, sealing member 100 and/or sealing member 104 can correspond to an
(O-ring seal that 1s capable of providing a constant seal in environments where
there can be rapid teroperature and pressure changes. In FIG. 3, sealing meruber
100 1s shown as pressure-assisted O-ring seal 194 having an external u-shape
casing 193, An O-ring spring 192 inside the O-ring seal 194 can help to set the
initial loading. Similarly, sealing member 104 is shown as a pressure-assisted
O-ring seal 197 having an external u-shape casing 196. An O-ring spring 195
inside the seal can help to set the initial loading. The external u-shape of sealing
member 100 and sealing member 104 can assist with forming a seal when
pressure 18 present. Examples of suitable seals for sealing member 104 can
include pressure-assisted seals available from Parker Hannifin Corporation, such
as an O-ring seal comprising a stainless steel spring with a carbon and/or
graphite loaded polytetrafiuorethylene casing.

During operation, such as when pressurized diesel fuel is present

in diesel-fuel check reservoir 90, sealing member 100 can be disposed in a
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constant line of contact around the exterior of the gaseous-fuel check needle 38
and in a constant line of contact with an internal surface of channel 74 of fuel
check gutde 56. During operation, such as when pressurized gaseous fuel is
present in gaseous-fuel check cavity 186, sealing member 104 can be disposed in
a constant line of contact around the exterior of the gaseous-fuel check needle 38
and in a constant line of contact with an internal surface of channel 74 of fuel
check guide 56. In some aspects, the sealing member 104 can also be resistant to
explosive decompression. Sealing member 104 can correspond to an explosive
decompression-resistant seal that can maintain seal integrity during this type of
rapid gaseous pressure change.

In the embodiment shown in FIG. 3, sealing member 100 and
sealing member 104 are separated by an intermediate volume 122 containing a
backing ring 102. The nature of the intermediate volume 122 1s further ilhustrated
in FIG. 4, which schematically shows a perspective view of fuel check gutde S6.
In the view shown in FIG. 4, the channel 74 for the fuel check needle is empty so
that the interior of the channel 74 is visible. The backing ring 102 ts also not
included in FIG. 4 so that intermediate volume 122 can be shown more clearly.
In the view shown in FIG. 4, the top surface 112 can correspond to, for example,
the retaining ring 98 as shown in FIG. 3. Weep channel 80 extends from an
exterior surface 124 of fuel check guide 56 to the intermediate volume 122
Weep channel 80 can aliow fuel that has entered into intermediate volume 122 to
pass through fuel check guide 56 and exit to exterior surface 124

Referring again to FIG. 3, backing ring 102 can provide structural
support for sealing member 100 and/or sealing member 104, In contrast to
sealing member 100 and sealing member 104, during operation of the injector
the backing ring 102 is not in contact with the surface of gaseous-fuel check
needle 38. lustead, a gap 114 having a specified tolerance is present between the
facing surface of backing ring 102 and the surface of gaseous-fuel check needle
38. The gap 114 can be large enough to allow gaseous-fuel check needle 38 to
pass through without contacting the backing ring 102, The gap can also be small
enough to provide a desired level of support for sealing member 100 and/or
sealing member 104. A suitable diametrical gap clearance between the backing
ring and the gaseous-fuel check needie can be about 20 um to about 130 pm. Tt

is noted that because the sealing member 100 and the sealing member 104 are
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separate parts from fuel check guide 56, the diametrical gap 114 can have a
relaxed tolerance (i.e., larger gap) relative to the tolerance for the fuel check
guide.

During operation, the backing ring 102 can be in contact with and
provide support for both sealing mernber 100 and sealing member 104. Because
the backing ring 102 is providing support for both seals, during normal operation
both sealing member 100 and sealing member 104 can be exposed to similar
pressures, so that the differential in the pressure on sealing member 100 versus
sealing roember 104 15 about 5 MPa or less. This can reduce the amount of force
that is supported by backing ring 102 during normal operation. However, it
should be expected that there will be times when the backing ring 102 may
experience all of the force from a single fuel due to only one of the pressurized
fuels being present within the injector. The backing ring 102 can be designed to
have sufficient structural integrity to support sealing member 100 and/or sealing
member 104 in situations where only one sealing member is exposed to a
pressurized fuel.

The intermediate volume 122 between sealing member 100 and
sealing member 104 can also serve as a weep anoulus. If a fuel enters the
intermediate volume 122 between sealing member 100 and sealing member 104,
the fuel can exit from the interrnediate volume 122 to an exterior surface 124 of
fuel check guide 56. In the example shown in FIGS. 3 and 4, weep channel 80
allows fuel in the intermediate volume 122 to pass to the exterior surface 124 of
fuel check guide 50, This can facilitate detection of fuel that has leaked past
either sealing member 100 or sealing member 104 during operation of the
injector and/or reduce or mintmize passage of fuel from the intermediate volume
122 into further locations within the injector.

(Other support structures can also be used to support and/or
maintain the position of sealing member 100 and/or sealing member 104, As an
exarmple, the embodiment shown in FIG. 3 includes a retaining ring 98
positioned adjacent to a surface of sealing member 100. The clearance between
retaining ring 98 and gaseous-fuel check needle 38 can be larger than the
clearance for backing ring 102. This is due in part to retaining ring 98 being on

the pressurized side of sealing member 100.
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The embodiment shown in FIGS. 3 and 4 represents an example
of a configuration for providing a plurality of sealing members for a fuel check
needle. To assemble the configuration shown tn FIGS. 3 and 4, the sealing
member 104, backing ring 102, sealing member 100, and retaining ring 98 can
be consecutively placed in channel 74, However, this type of assembly can
potentially limit the material choices for the backing ring 102, For example, it
can be desitable for the size of backing ring 102 to be larger than the size of
sealing member 100 and/or larger than the size of channel 74. In such an
embodiment, insertion of a backing ring 102 having a larger size than channel 74
may require backing ring 102 to be composed of an at least partially flexible
material. A backing ring 102 composed of a sufficiently flexible material can be
deformed to pass through an opening sized for sealing member 100.

An alternative manufacturing option can be to allow backing ring
102 1o be wserted through an exterior surface 124 of fuel check guide 56, This
can allow the backing ring 102 to be composed of a rigid material, such as a steel
or ceramic material. FIG. S shows a perspective view of an example of a
backing ring 128 suitable for insertion through an exterior surface 124 (as shown
in FIG. 4) of fuel check guide 56. In the embodiment shown in FIG. 5, backing
ring 128 includes a first ring portion 130 that surrounds opening 132 to provide
support for sealing members. Backing ning 128 also includes an insertion
surface 136. Insertion surface 136 can include at least one alignment hole 134
In this discussion, only one alignment hole 1s depicted for clarity in
understanding the various drawings. In other embodiments, insertion surface
136 can include a plurality of alignment holes. Due to the small clearance
between the opening 132 in backing ring 128 and the gaseous-fuel check needle
38, use of at least one (or a plurality of) alignment holes with corresponding
alignment pins can provide a suttable method for maintaining a position and/or
orientation of backing ring 128 relative to the expected travel path of gaseous-
fuel check needle 38, Tn some aspects, it 1s appreciated that a plurality of
alignment holes 128 can be beneficial for providing a suitable method for
alignment.

The insertion of a backing ring 128 is shown in FIG. 7. In FIG. 7,
fuel check guide 56 includes an insertion slot 182 to allow backing ring 128 to

be inserted into intermediate volume 122 through the side of fuel check guide
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56. As shown in FIG. 7, backing ring 128 can be removably inserted into
intermediate volume 122 using insertion slot 182 without requiring removal of
sealing member 100 or sealing member 104,

FIG. 6 shows additional details regarding a configuration where a
backing ring 128 may be inserted into the intermediate volume between sealing
member 100 and sealing member 104 through an exterior surface 124 of fuel
check guide 56. At least a portion of backing ring 128 can reside in the insertion
slot 182, The at least one alignment hole 134 can be located on a portion of
insertion surface 136 (not shown in FIG. 6) that 1s disposed 1n the insertion slot
182, In the embodiment shown in FIG. 6, alignment pin{s) 178 can be inserted
through the alignment hole(s) 134 (not shown in FIG. 6) to maintain a desired
orientation and/or location for backing ring 128 For example, alignment pin(s)
178 can assist with maintaining a backing ring 128 in a desired plane, assist with
maintaining the location of opening 132 at the expected location for gaseous-fuel
check needle 38, or a combination thereof. In the embodiment shown in FIG. 6,
backing ring 128 can be inserted prior to assembly of an exterior casing 22
around the injector 10,

A dual fuel injector, such as the embodiment of a injector 10
ttustrated in FIGS. 1 and 2, can be used to provide tuel to combustion chambers
of a dual fuel engine. In some dual fuel engines, it is desirable to operate the
engine using a gaseous fuel, such as natural gas, but to initiate combustion by
compression ignition {i.e, without requiring a spark or other combustion
inttiator). In such engines, a small amount of diesel fuel can be injected into the
combustion chamber prior to injection of the gaseous fuel in order to facilitate
compression ignition.

During dual fuel operation of an engine, injector 10 can be
operated to first inject a desired amount of diesel fuel into a combustion chamber
of an engine, followed by injection of a desired amount of a gaseous fuel into the
combustion chamber. To operate in this manner, electrical actuator 32 can
activate the movement of diesel-fuel check needle 42 and gaseous-fuel check
needle 38 to allow for consecutive introduction of the respective fuels into the
combustion chamber.

At the start of a combustion cycle, gaseous-fuel check needle 38

can be in a first position that prevents fluid communication between gaseous-tuel
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check cavity 186 and gaseous-fuel orifices 66. Diesel-fuel check needle 42 can
also be in a first position that prevents fluid communication between diesel-fuel
check cavity 188 and diesel-fuel orifices 166, To inittate fuel injection,
electronic control module 164 (shown in FIG. 8) can energize electrical actuator
32 to open a control valve associated with drain orifice 38, This can allow the
diesel fuel pressure in control chamber 94 to be reduced due to tluid
communication between control chamber 94 and drain hne 28, This causes
diesel-fuel check needle 42 to move from the first position to the second
position. Diesel fuel 15 then injected from diesel-fuel check cavity 188 into the
enging combustion chamber for a desired period of time. To stop the injection of
diesel fuel, electrical actuator 32 can close the valve associated with drain orifice
58. This can allow control chamber 94 to be re-pressurized to an initial control
chamber pressure through a fill onfice 64 by introducing additional diesel
pressure via fill line 34, In combination with the restoring force of biasing spring
46, the increase in pressure in control chamber 94 to the initial control chamber
pressure can return diesel-fuel check needle 42 to the first position.

Electrical actuator 32 can coordinate the movement of diesel-fuel
check needle 42 to the first position with movement of gaseous-fuel check
needle 38 to the second position. Any convenient timing can be used for
coordinating these movements, so that gaseous fuel 15 injected into the
combustion chamber at a desired time relative to the injection of diesel fuel. For
movement of the gaseous-fuel check needle to the second position, electronic
control module 164 (shown in FIG. 8) can energize electrical actuator 32 to open
a valve associated with drain orifice 50, This can allow the diesel fuel pressure
in control chamber 92 to be reduced due to fluid communication between control
chamber 92 via drain line 26. This causes gaseous-fuel check needle 38 to move
from the first position to the second position. Gaseous fuel is then injected from
gaseous-fuel check cavity 186 into the engine combustion chamber for a desired
period of tirne. To stop the injection of gaseous fuel, electrical actuator 32 can
close the valve associated with drain orifice 50. This can allow control chamber
92 to be re~pressurized to an initial control chamber pressure through fill orifice
52 by introducing additional diesel pressure via fill line 34. In combination with

the restoring force of biasing spring 48, the increase in pressure in control
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chamber 92 to the tnitial control chamber pressure can refurn gaseous-fuel check
needle 38 to the first position.

FIG. 8 schematically shows an example of a dual fuel common
rail fuel system 138 utilizing a dual fuel common rail injector 150, The
embodiment of a dual fuel common rail fuel system 138 in FIG. 8 can be used to
provide fuel to a dual fuel common rail injector 150 during operation of a dual
fuel engine. In various aspects, a dual fuel common rail injector 150 may
correspond to an injector 10 as illustrated in FIG. 1. For ease of discussion of
FIG. 8, the dual fuel common rail injector will be referred to as "injector 150", A
digsel fuel source 162 contains diesel fuel. A diesel pump 158 draws diesel fuel
from diesel fuel 162, pressurizes the diesel fuel, and delivers the pressurized
diesel fuel through diesel supply line 156 to a diesel-fuel rail 152, A filter 160
may be disposed upstream of the diesel pump 158 and downstream of the diesel
fuel source 162, Diesel fuel within the diesel-fuel rail 152 may be pressurized to
a pressure of approximately 40 MPa. Pressurized diesel fuel from the diesel-fuel
rail 152 may then be delivered to a quill assembly 144 via diesel fuel line 142,
Cuill assembly 144 is configured to receive both diesel fuel and a gaseous fuel
such as vaporized liquefied natural gas. Those skilled in the art will recognize
that the gaseous fuel may be any gasecus fuel such as natural gas, propane,
methave, liquefied petroleum gas (LPG), synthetic gas, landfill gas, coal gas,
biogas from agricultural anaerobic digesters, or any other gaseous fuel. Diesel
fuel from quill assembly 144 s then delivered to injector 150, Although quill
assembly 144 is shown as a single quill assembly w FIG. &, in various
embodiments separate quill assemblies may be used for delivery of diesel fuel
and gaseous fuel to injector 150,

Dual fuel common rail fuel system 138 further includes a gaseous
fuel source 174. Gaseous fuel, such as liquefied natural gas may be stored at
relatively low temperatures and pressures (-160°C and 100 kPa). Because
gaseous fuel may be stored under such temperatures and pressures, it may be
necessary for the gasecus fuel to be kept in a vacuum insulated tank. Gaseous
fuel is drawn from gaseous fuel source 174 through a gaseous supply line 168 by
a gaseous-fuel pump 172, In aspects where gaseous fuel source stores the
gaseous fuel in a liquid state, vaporizer 170 can vaporize the fuel from the hiquid

phase to the gas phase. Gaseous-fuel pump 172 may be a variable displacement
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cryogenic pump. Gaseous-fuel pump 172 pressurizes and delivers gaseous fuel
to an accumulator 176 via gaseous supply line 168 A pressure regulator 166
ensures that gaseous fuel delivered to a gaseous-fuel rail 154 1s at a pressure that
is at least 5 MPa below that of the diesel fuel within the diesel-fuel rail 152 via
gaseous fuel line 140. For example, within the dual fuel common rail fuel systern
138, diesel fuel within the diesel-fuel rail 152 may be at a pressure of 40 MPa,
while gaseous fuel within the gaseous-fuel rail 154 may be at a pressure of 35
MPa.

Aun electronic control module (ECM) 164 may control various
components of dual fuel common rail fuel system 138. For example, the ECM
164 may control the electrical actuator 32 of injector 150 Likewise, the ECM
164 may also control components such as the diesel pump 158, gaseous-tuel
pump 172, and pressure regulator 166. Those skilled 1n the art will recognize that
fuel systems may further include other components that can also be controlled by
ECM 164,

In an embodiment where an injector 10 according to FIG. 1 is
used as injector 150, first quill tube 146 can deliver diesel fuel to diesel-fuel
supply inlet 16, The diesel fuel can then be passed from diesel-fuel supply inlet
16 to various locations in the injector 10 via, for example, diesel-fuel supply
passage 18, Second quill tube 148 can deliver gaseous fuel to gaseous-tuel
supply inlet 12, The gaseous fuel can then be passed from gaseous-tfuel supply
inlet 12 to various locations in the mjector 10 via, for example, gaseous-fuel

supply passage 20.

INDUSTRIAL APPLICABILITY

A dual fuel injector having a plurality of sealing members as
described herein can generally be used with any engine that can independently
receive two fuels {e.g., diesel and natural gas). These two fuels may be the same
fuel at two different pressures, or may, as in the illustrated embodiment, be
different fuels. Une example of a suitable application is in gaseous fuel engines
that utilize a relatively large charge of natural gas that is ignited via compression
ignition of a small charge of distillate diesel fuel originating from diesel-fuel rail
152, Optionally, such an engine could also be operated for a limited period of

tirne in a “diesel-only” mode, where only diesel fuel is combusted, as the sealing
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members described herein can also be effective in preventing diesel migration
into gaseous-fuel portions of an injector even when gaseous fuel 1s absent from
the injector for extended periods of time. In some alternative aspects, dual fuel
injectors as described herein could also apply to spark ignited engines utilizing
appropriate fuels.

In FIGS. 3 and 6, the sealing member 100 is configured to
substantially prevent diesel fuel from leaking from the diesel-fuel check
reservoir 90 into the gaseous-fuel check cavity 186 via channel 74 in fuel check
guide 56, During operation, the sealing member 100 15 configured to have a
constant line of contact around the channel 74 and the gaseous-fuel check needle
38. In this manner, diesel fuel leaks may be substantially prevented from
percolating or dripping from the diesel-fuel check reservoir 90 and draining
along the channel 74 into the gaseous-fuel check cavity 186,

In FIGK. 3 and 6, sealing member 104 s configured to prevent
gaseous fuel from leaking from gaseous-fuel check cavity 186 into diesel-fuel
check reservoir 90. In various embodiments described herein, the pressure in
diesel-fuel check reservoir 90 can be greater than the pressure in gaseous-fuel
check cavity 186. However, the pressure in diesel-fuel check reservoir 90 may
temporarily fall below the pressure in gaseous-fuel check cavity 186, Also, due
to the compressible nature of gas and the incompressible nature of liquids,
during engine shutdown the diesel fuel pressure may decay faster than the
gaseous fuel pressure, which could potentially allow gas to expand from
gaseous-fuel check cavity 186 along channel 74 into the diesel side of the fuel
system. This can result in diesel being displaced with gaseous fuel, which can
potentially lead to a variety of problems, such as difficulty in pressurizing the
diesel system. During operation, the sealing member 104 is configured to have a
constant Hne of contact around the channel 74 and the gaseous-fuel check needle
38. In this manner, gaseous fuel leaks may be inhibited from migrating along the
channel 74 into the diesel fuel reservoir. In alternative aspects where different
fuels are used at a similar pressure, sealing member 104 can also inhibit
migration of gaseous fuel into the diesel-fuel check reservoir 90 during normal
periods of operation.

In FIG 3, the intermediate volume 122 between the sealing

member 100 and the sealing member 104 can be in fluid communication with an
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exterior surface 124 (as shown tn FIG. 4) of the fuel check guide 56 and/or
another exterior surface via a weep channel 80, In the event that a tuel does leak
past sealing member 100 and/or sealing member 104, weep channel 80 can allow
such fuel to be detected at exterior surface 124,

In FIG. 6, insertion slot 182 can provide advantages similar to
weep channel 80, Additionally, insertion slot 182 can facilitate manufacturing of
an injector having sealing member 100, backing ring 102, and sealing member
104 by allowing for insertion of backing ring 102 through a side of fuel check
guide 56. This can avoid the need to form backing ring 102 from a material that
can be deformed sufficiently to pass through channel 74

The present description is for illustrative purposes only, and
should not be construed to narrow the breadth of the present disclosure in any
way. Thus, those skilled in the art will appreciate that various modifications
might be made to the presently disclosed embodiments without departing from
the full and fair scope and spirit of the present disclosure. Other aspects, features
and advantages will be apparent upon an examination of the attached drawings

and appended claims.
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1. A dual fuel injector (10), comprising:

an injector body (14) configured to receive a first fuel and a
second fuel;

a nozzle (72) having a first set of orifices for injecting the first
fuel and a second set of orifices for injecting the second fuel;

a first-tuel check needle at least partially disposed in a first-fuel
check reservoir;

a second-fuel check needle at least partially disposed in a
second-fuel check cavity and at least partially disposed in the first-fuel check
FESErvoir;

a first sealing member (100} disposed around the exterior of the
second-fuel check needle, the first sealing member (100} configured to prevent
the first fuel from leaking from the first-fuel check reservoir into the second-tuel
check cavity;

a second sealing member (100) disposed around an exterior of
the second-fuel check needle and between the second-fuel check cavity and the
first-fuel check reservoir, the second sealing member (100} configured to prevent
the second fuel from leaking from the second-fuel check cavity into the first-fuel
check reservoir;

a backing ring (102} disposed around the exterior of the second-
fuel check needle in an intermediate volume (122) between the first sealing
member (100} and the second sealing member (100}, and

a conduit from the intermediate volume (122} to an exterior
surface (124) of a fuel check guide (56).

2. The dual fuel injector (10) of claim 1, wherein the first
sealing member (100} 1s disposed in a constant line of contact around the
exterior of the second-fuel check needle and 10 a constant line of contact with an

internal surface of the fuel check guide (56).

3. The dual fuel injector (10} of claim 1, wherein the second

sealing member (100} 1s disposed in a constant line of contact around the
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exterior of the second-fuel check needle and in a constant line of contact with an

internal surface of the fuel check guide (56).

4. The dual tuel injector (10) of claim 1, wherein at least one of
the first sealing member (100) and the second sealing member (100} coruprises a

pressure-assisted sealing member (100).

5. The dual fuel injector (10) of claim 1, wherein the backing
ring {102} is removably inserted into the intermediate volume (122) by insertion

through the conduit.

6. The dual fuel injector (10} of claim 1, further comprising a
retaining ring (98) disposed around the exterior of the second-fuel check needle

and adjacent to a first surface of the first sealing member (100}

7. The dual fuel injector (10} of claim 1, wherein the second
sealing member (100) comprises an explosive decompression-resistant sealing

member (100},

8. The dual fuel injector (10) of claim 1, further including a first
biasing spring {46} configured to bias the first-fuel check needle toward a first
position, and further includes a second biasing spring (46} configured to bias the

second-fuel check needle toward a first position.

9. A dual fuel common rail fuel system (138) comprising:

a first-fuel source;

a second-fuel source;

a first-fuel rail;

a second-fuel rail;

at ieast one first-fuel pump configured to pressurize a first fuel
from the first-fuel source and deliver the first fuel to the first-fuel rail;

at least one second-fuel pump configured to pressurize a second
fuel from the second-fuel source and deliver the second fuel to the second-fuel

rail;
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a dual fuel injector (10} fluidly coupled to the first-fuel rail and
to the second-fuel rail, and further comprising:

an injector body (14} configured to receive the first fuel
from the first-fuel source and the second fuel from the second-fuel source;

a nozzle (72} having a first set of orifices for injecting the
first fuel and a second set of orifices for injecting the second fuel;

a first-fuel check needle at least partially disposed in a
first-fuel check reservoir;

a second-fuel check needle at least partially disposed in a
second-tfuel check cavity and at least partially disposed in the first-fuel check
TeSErvoir;

a first sealing member (100) disposed around the exterior
of the second-fuel check needle, the first sealing member (100) configured to
prevent the first fuel from leaking from the first-fuel check reservoir into the
second-fuel check cavity;

a second sealing member (100) disposed around an
exterior of the second-fuel check needle and between the second-fuel check
cavity and the first-fuel check reservoir, the second sealing member (100)
configured to prevent the second fuel from leaking from the second-fuel check
cavity into the first-fuel check reservoir;

a backing ring (102} disposed arcund the exterior of the
second-fuel check needle in an intermediate volume (122) between the first
sealing member (100} and the second sealing member (100); and

a conduit from the intermediate volume (122) to an

exterior surface (124) of a fuel check guide (56).

10. The dual fuel injector (10) of claim 9, wherein at least one
of the first sealing member (100) and the second sealing member (100} is
disposed 1n a constant line of contact around the exterior of the second-fuel
check needle and in a constant line of contact with an internal surface of the

second-fuel check cavity.



PCT/US2016/064099

WO 2017/100047

1/6

&
< o = [{»]
DETETE mﬂ\\\ 7 e = <3 <3
ETTHY,
4
% Py
L ﬁmm“\\\\
T RETETZTZZLIZ ¥ 3 { &
2
0w o Lo =3
NN T

62

60



PCT/US2016/064099

WO 2017/100047

2/6

| mw% \9%%
irvae vo.s “x\\\\.

94 58 64

g7 50 52

07/&0&@&%




WO 2017/100047 PCT/US2016/064099

3/6

38

FIG. 3.



WO 2017/100047 PCT/US2016/064099

4/6

124







WO 2017/100047 PCT/US2016/064099

6/6

~142

138




INTERNATIONAL SEARCH REPORT International application No.
PCT/US2016/064099

A. CLASSIFICATION OF SUBJECT MATTER
F02M 43/04(2006.01)i, F02M 61/18(2006.01)i

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
F02M 43/04; F16K 31/02; F16J 15/18; FO2M 37/00; FO1L 9/04; FO2M 69/04;, FO2M 51/06; FO2M 61/18

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)
cKOMPASS(KIPO internal) & keywords: dual fuel injector, nozzle, check needle, orifice, pressure-assisted seal, backing ring, and
conduit

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

A US 2013-0160741 A1 (SOMMARS et al.) 27 June 2013 1-10
See paragraphs [0015]-[0024], [0047]-[0049] and figures 1, 2, 6-8.

A JP 10-184927 A (MITSUBISHI MOTORS CORP. et al.) 14 July 1998 1-10
See paragraphs [0027], [0028] and figure 1.

A US 2013-0081593 A1 (COLDREN, DANA R.) 04 April 2013 1-10
See paragraphs [0024]-[0026] and figure 1.

A WO 2014-167166 A1 (WARTSILA FINLAND OY.) 16 October 2014 1-10
See paragraphs [0024]-[0029] and figure 1.

A US 2009-0250021 A1 (ZARRABI et al.) 08 October 2009 1-10
See paragraph [0028] and figure 1A.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier 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 step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
15 March 2017 (15.03.2017) 15 March 2017 (15.03.2017)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

Korean Intellectual Property Office HWANG, Chan Yoon
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-3347

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



INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2016/064099

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2013-0160741 Al 27/06/2013 AU 2012-355402 Al 19/06/2014
AU 2012-355402 B2 24/11/2016
CN 104011366 A 27/08/2014
DE 112012005426 TbH 25/09/2014
US 8978623 B2 17/03/2015
WO 2013-096278 Al 27/06/2013

JP 10-184927 A 14/07/1998 None

US 2013-0081593 Al 04/04/2013 CN 103958878 A 30/07/2014
DE 112012004089 ThH 04/09/2014
US 8820295 B2 02/09/2014
WO 2013-048926 A2 04/04/2013
WO 2013-048926 A3 04/07/2013

WO 2014-167166 Al 16/10/2014 EP 2984327 Al 17/02/2016
US 2016-0061169 Al 03/03/2016

US 2009-0250021 Al 08/10/2009 US 2016-0230904 Al 11/08/2016

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




	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 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report

