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Description

FUEL INJECTOR HAVING NOZZIE MEMBER WITH ANNULAR GROOVE

Technical Field

The present disclosure is directed to a fuel injector and, more

particularly, to a fuel injector having a nozzle member with an annular groove.

Background

Common rail fuel systems typically employ multiple closed-
nozzle fuel injectors to inject high pressure fuel into combustion chambers of an
engine. Each of these fuel injectors include a nozzle assembly having a
cylindrical bore with a nozzle supply passageway and at least one nozzle spray
orifice. A needle check valve is reciprocatingly disposed within the cylindrical
bore and biased toward a closed position where the nozzle spray orifice is
blocked. To inject fuel, the needle check valve is selectively moved to open the
nozzle spray orifice, thereby allowing high pressure fuel to spray from the nozzle
supply passageway into the associated combustion chamber.

During operation of the closed-nozzle fuel injectors, constant
movement of the needle check valve between the open and closed positions and
the forces associated therewith may cause the needle check valve and nozzle
assembly to wear, resulting in shortened component life and fuel injection
variability. This injection variability may result in decreased performance of the
fuel injector, which may be manifested through reduced engine efficiency and
increased exhaust emissions.

One method implemeﬁted by engine manufacturers to reduce the
effects associated with wear of the needle check valve and nozzle assembly is
described in U.S. Patent No. 6,789,783 (the ‘783 patent) issued to Boecking on
14 September 2004. The 783 patent describes a fuel injection valve having a

valve needle for closing an injection opening at a combustion chamber end of a
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valve needle bore. A valve seat at the combustion chamber end contacts a valve
sealing surface on the valve needle when the valve needle is in a closed position,
thereby sealing the injection opening. The valve seat is bordered by a first
annular groove, which extends in a radial plane of the valve needle bore, and a
second annular groove, which is disposed downstream of and parallel to this first
annular groove. When in the closed position, the valve needle rests against the
valve seat between the first and second annular grooves. In this manner, the two
annular grooves delimit the hydraulically effective seat diameter of the valve
needle, thereby retaining operational characteristics of the fuel injector even after
deformation of the valve needle.

Although the fuel injection valve of the ‘783 patent may reduce
the affects of valve needle deformation, it may do little to reduce wear of other
fuel injection components. For example, the valve of the ‘783 patent does not
address the problem of cavitation at or near the injection openings or the wear
effects associated therewith.

The fuel injector of the present disclosure solves one or more of

the problems set forth above.

Summary of the Invention

One aspect of the present disclosure is directed to a fuel injector
for an engine having at least. one combustion chamber. The fuel injector includes
a needle valve element having a base end and a tip end with a valve sealing
surface. The fuel injector also includes a contro! chamber located at the base end
of the needle valve element, and a nozzle member. The nozzle member includes
a central bore configured to slidingly receive the needle valve element, and a
valve seating surface configured for engagement with the valve sealing surface of
the needle valve element. The nozzle member also includes at least one radially
disposed injection orifice and an annular groove located within the valve seating
surface. The at least one radially disposed injection orifice is configured to

communicate the central bore with the at least one combustion chamber.
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Another aspect of the present disclosure is directed to another fuel
injector for an engine having at least one combustion chamber. The fuel injector
includes a needle valve element having a base end and a tip end with a valve
sealing surface. The fuel injector also includes a control chamber located at the
base end of the needle valve element, and a nozzle member. The nozzle member
includes a central bore configured to slidingly receive the needle valve element,
and a valve seating surface configured for engagement with the valve sealing
surface of the needle valve element. The nozzle member also includes at least
one radially disposed injection orifice configured to communicate'the central
bore with the at least one combustion chamber, and an interior annular groove
disposed at approximately the same axial location as the at least one radially
disposed injection orifice.

Another aspect of the present disclosure is directed to a method of
injecting fuel into a combustion chamber of an engine. The method includes
pressurizing fuel, and relieving pressure from a base end of a needle valve
element to allow a flow of pressurized fuel through a central bore of a nozzle
member to an annular groove. The method also includes radially redirecting the

pressurized fuel from the annular groove into the combustion chamber.

Brief Description of the Drawings

Fig. 1 is a schematic and diagrammatic illustration of an
exemplary disclosed fuel system;

Fig. 2 is a cross-sectional illustration of an exemplary disclosed
fuel injector for the fuel system of Fig. 1; and

Fig. 3 is close-up cross-sectional illustration of an exemplary

disclosed nozzle arrangement for use with the fuel injector of Fig. 2.

Detailed Description

Fig. 1 illustrates a machine 5 having an engine 10 and an

exemplary embodiment of a fuel system 12. Machine 5 may be a fixed or mobile
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machine that performs some type of operation associated with an industry such as
mining, construction, farming, power generation, transportation, or any other .
industry known in the art. For example, machine 5 may embody an earth moving
machine, a generator set, a pump, or any other suitable operation-performing
machine.

For the purposes of this disclosure, engine 10 is depicted and
described as a four-stroke diesel engine. One skilled in the art will recognize,
however, that engine 10 may be any other type of internal combustion engine
such as, for example, a gasoline or a gaseous fuel-powered engine. Engine 10
may include an engine block 14 that at least partially defines a plurality of
cylinders 16, a piston 18 slidably disposed within each cylinder 16, and a cylinder
head 20 associated with each cylinder 16.

Cylinder 16, piston 18, and cylinder head 20 may form a
combustion chamber 22. In the illustrated embodiment, engine 10 includes six
combustion chambers 22. However, it is contemplated that engine 10 may
include a greater or lesser number of combustion chambers 22 and that
combustion chambers 22 may be disposed in an “in-line” configuration, a “V”
configuration, or any other suitable configuration.

As also shown in Fig. 1, engine 10 may include a crankshaft 24
that is rotatably disposed within engine block 14. A connecting rod 26 may
connect each piston 18 to crankshaft 24 so that a sliding motion of piston 18
within each respective cylinder 16 results in a rotation of crankshaft 24.
Similarly, a rotation of crankshaft 24 may result in a sliding motion of piston 18.

Fuel system 12 may include components that cooperate to deliver
injections of pressurized fuel into each combustion chamber 22. Specifically,
fuel system 12 may include a tank 28 configured to hold a supply of fuel, and a
fuel pumping arrangement 30 configured to pressurize the fuel and direct the
pressurized fuel to a plurality of fuel injectors 32 by way of a common rail 34. It

is contemplated that additional or different components may be included within
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fuel system 12, if desired, such as, for example, debris filters, water separators,
makeup valves, relief valves, priority valves, and energy regeneration devices.

Fuel pumping arrangement 30 may include one or more pumping
devices that function to increase the pressure of fuel drawn from tank 28 and
direct one or more pressurized streams of fuel to common rail 34. In one
example, fuel pumping arrangement 30 includes a low pressure source 36 and a
high pressure source 38 fluidly connected in series by way of a fuel line 40. Low
pressure source 36 may embody a transfer pump configured to provide low
pressure feed to high pressure source 38. High pressure source 38 may be
configured to receive the low pressure feed and increase the pressure of the fuel
to the range of about 30-300 MPa. High pressure source 38 may be connected to
common rail 34 by way of a fuel line 42. A check valve 44 may be disposed
within fuel line 42 to provide for unidirectional flow of fuel from fuel pumping
arrangement 30 to common rail 34.

One or both of low and high pressure sources 36, 38 may be
operatively connected to engine 10 and driven by crankshaft 24. Low and/or
high pressure sources 36, 38 may be connected with crankshaft 24 in any manner
readily apparent to one skilled in the art where a rotation of crankshaft 24 will
result in a corresponding rotation of a pump drive shaft. For example, a pump
driveshaft 46 of high pressure source 38 is shown in Fig. 1 as being connected to
crankshaft 24 through a gear train 48. It is contemplated, however, that one or
both of low and high pressure sources 36, 38 may alternatively be driven
electrically, hydraulically, pneumatically, or in any other appropriate manner.

Fuel injectors 32 may be disposed within cylinder heads 20 and
fluidly connected to common rail 34 by a plurality of distribution lines 50. Each
fuel injector 32 may be operable to inject an amount of pressurized fuel into an
associated combustion chamber 22 at predetermined timings, fuel pressures, and
fuel flow rates. The timing of fuel injection into combustion chamber 22 may be

synchronized with the motion of piston 18, For example, fuel may be injected as
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piston 18 nears a top-dead-center position during a compression stroke to allow
for compression-ignited-combustion of the injected fuel. Alternatively, fuel may
be injected as piston 18 begins the compression stroke heading towards a top-
dead-center position for homogenous charge compression ignition operation.
Fuel may also be injected as piston 18 is moving from a top-dead-center position
towards a bottom-dead-center position during an expansion stroke for a late post
injection to create a reducing atmosphere for aftertreatment regeneration.

As illustrated in Fig. 2, each fuel injector 32 may embody a closed
nozzle electronically actuated and controlled fuel injector. Specifically, each fuel
injector 32 may include an injector body 52 housing a guide 54, a solenoid
actuator 59, a nozzle member 56, and a needle valve element 58. It is
contemplated that each fuel injector 32 may include additional or different
components than those illustrated in F ig. 2, if desired, such as, for example,
additional solenoid actuators and additional valve elements. It is further
contemplated that fuel injectors 32 may alternatively embody other types of fuel
injection devices such as, for example, mechanically actuated electronically
controlled injectors, digitally controlled fuel valves, or any other type of fuel
injector known in the art.

Injector body 52 may be a cylindrical member configured for
assembly within cylinder head 20. Injector body 52 may have a central bore 60
for receiving guide 54 and nozzle member 56, and an opening 62 through which a
tip end 64 of nozzle member 56 may protrude. A sealing member such as, for
example, an o-ring (not shown) may be disposed between guide 54 and nozzle
member 56 to restrict fuel leakage from fuel injector 32.

" Guide 54 may also be a cylindrical member having a central bore
68 configured to receive needle valve element 58, and a control chamber 71.
Central bore 68 may act as a pressure chamber, holding pressurized fuel that is
supplied from a fuel supply passageway 70. During injection, the pressurized

fuel from distribution line 50 may flow through fuel supply passageway 70 and
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central bore 68 to nozzle member 56. It is contemplated that fluid passageway 70
may alternatively be routed through and directly flow controlled by solenoid
actuator 59, if desired.

Control chamber 71 may be selectively drained of or supplied with
pressurized fuel. Specifically, a control passageway 73 may fluidly connect
control chamber 71 and solenoid actuator 59 for draining and filling of control
chamber 71. Control chamber 71 may also be supplied with pressurized fluid via
a supply passageway 77 and a port 78 that is axially aligned with needle valve
element 58 and in communication with fuel supply passageway 70. A diameter
of port 78 may be less than a diameter of control passageway 73 and supply
passageway 77 to allow for a pressure drop within control chamber 71 when
control passageway 73 is drained of pressurized fuel.

Solenoid actuator 59 may be configured to control the flow of fuel
into and out of control chamber 71. In particular solenoid actuator 59 may
include a three position proportional valve element 106 disposed within control
passageway 73 between control chamber 71 and tank 28. Proportional valve
element 106 may be spring biased and solenoid actuated to move between a first
position at which fuel is allowed to flow from control chamber 71 to tank 28,a
second position at which pressurized fuel from distribution line 50 flows through
control passageway 73 into control chamber 71, and a third position at which fuel
flow through control passageway 73 is blocked. The position of proportional
valve element 106 between the first, second, and third positions may determine a
flow rate of the fuel through control passageway 73, as well as the flow direction.
Proportional valve element 106 may be movable to any position between the first,
second, and third positions in response to an electric current applied to a solenoid
108 associated with proportional valve element 106. It is contemplated_that
proportional valve element 106 may alternatively be hydraulically actuated,
mechanically actuated, pneumatically actuated, or actuated in any other suitable

manner. It is further contemplated that proportional valve element 106 may be a
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two-position valve element that is movable between only a control chamber
draining position and a control chamber filling position or between only a control
chamber draining position and a blocked position, if desired.

Nozzle member 56 may likewise be a cylindrical member, having
a central bore 72 of blind depth that is configured to receive needle valve element
58. As illustrated in the close-up of Fig. 3, nozzle member 56 may include a
seating surface 74 located toward tip end 64 of nozzle member 56, and an interior
annular groove 76 and one or more orifices 80 disposed within seating surface
74. A diameter of interior annular groove 76 may be greater than a diameter of
orifices 80 such that orifices 80 may be recessed within a surface of interior
annular groove 76. Interior annular groove 76 may be located at approximately
the same axial location as an inlet of orifices 80 and may be configured to
radially redirect pressurized fuel from central bore 72 through orifices 80 to spray
into an associated combustion chamber 22 of engine 10.

Needle valve element 58 may be an elongated cylindrical member
that is slidingly disposed within housing guide 54 and nozzle member 56. Needle
valve element 58 may be axially movable between a first position at which a
sealing surface 81 located at a tip end 82 of needle valve element 58 engages
seating surface 74 to block a flow of fuel through interior annular groove 76 and
orifices 80, and a second position at which orifices 80 are open to a flow of fuel
into combustion chamber 22. When in the first position, sealing surface 81 may
engage seating surface 74 both at upstream and downstream locations relative to
interior annular groove 76. It is contemplated, however, that sealing surface 81
may alternatively engage seating surface 74 at only one of the upstream and
downstream locations, if desired.

Needle valve element 58 may be normally biased toward the first
position. In particular, as seen in Fig. 2, each fuel injector 32 may include a
spring 90 disposed between a stop 92 of guide 54 and a seating surface 94 of

needle valve element 58 to axially bias tip end 82 toward the orifice-blocking
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position. A first spacer 96 may be disposed between spring 90 and stop 92, and a
second spacer 98 may be disposed between spring 90 and seating surface 94 to
reduce wear of the components within fuel injector 32.

Needle valve element 58 may have multiple driving hydraulic
surfaces. In particular, needle valve element 58 may include a hydraulic surface
100 tending to drive needle valve element 58 toward the first or orifice-blocking
position when acted upon by pressurized fuel within control chamber 71, and a
hydraulic surface 104 that tends to oppose the bias of spring 90 and drive needle
valve element 58 in the opposite direction toward the second or orifice-opening
position. When biased toward the second position, needle valve element 58 may
be configured to substantially restrict or even block off the flow of fuel through
supply passageway 77.

Industrial Applicability

The fuel injector of the present disclosure has wide applications in
a variety of engine types including, for example, diesel engines, gasoline engines,
and gaseous fuel-powered engines. The disclosed fuel injector may be
implemented into any engine that utilizes a pressurizing fuel system wherein it
may be advantageous to minimize cavitation in a nozzle tip of the fuel injector.
The disclosed fuel injector may minimize cavitation in the nozzle tip by
increasing a flow area at a location of directional flow change, which may
function to reduce a flow velocity at that location and, thereby, the likelihood of
cavitation. The operation of fuel injector 32 will now be explained.

Needle valve element 58 may be moved by an imbalance of force
generated by fluid pressure. For example, when needle valve element 58 is
seated against seating surface 74 in the first or orifice-blocking position,
pressurized fuel from fuel supply and control passageways 77 and 73 may flow
into control chamber 71 to act on hydraulic surface 100. Simultaneously,
pressurized fuel from fuel supply passageway 70 may flow into central bore 68 in

anticipation of injection. The force of spring 90 combined with the hydraulic
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force created at hydraulic surface 100 may be greater than an opposing force
created at hydraulic surface 104 thereby causing needle valve element 58 to
remain in the first position and block fuel flow through interior annular groove 76
and orifices 80. To open interior annular groove 76 and orifices 80 to a flow of
fuel and initiate the injection of the fuel from central bore 68 into combustion
chamber 22, solenoid actuator 59 may selectively move proportional valve
element 106 to drain pressurized fuel away from control chamber 71 and
hydraulic surface 100. This decrease in pressure acting on hydraulic surface 100
may allow the opposing force acting across hydraulic surface 104 to overcome
the biasing force of spring 90, thereby moving sealing surface 81 of needle valve
element 58 away from seating surface 74. '

The location of interior annular groove 76 may reduce the
likelihood of cavitation within nozzle member 56 and improve the performance
of fuel injectors 32. In particular, because interior annular groove 76 is located at
approximately the same axial location as the inlets of orifices 80, where the
pressurized fuel changes flow directions from substantially axial to substantially
radial, the velocity of the fuel flow in that location may be reduced. That is, the
increased flow area at the inlets of orifices 80 facilitated by the presence of
interior annular groove 76 may function to reduce the velocity of fuel flow
therethrough. A reduction in cavitation within nozzle member 56 may reduce the
amount of wear at the inlets of orifices 80 and the associated affects on flow
variability and component life. In addition, because interior annular grooves 76
and orifices 80 are located within the engagement area of seating and sealing
surfaces 74, 81 rather than at the borders of the engagement area, the likelihood
of fuel unintentionally leaking from nozzle member 56 may be low. Further,
because interior annular groove 76 may fluidly communicate orifices 80 with
each other, the distribution of fuel spraying from fuel injector 32 into combustion

chamber 22 may be improved.
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It will be apparent to those skilled in the art that various
modifications and variations can be made to the fuel injector of the present
disclosure without departing from the scope of the disclosure. Other
embodiments will be apparent to those skilled in the art from consideration of the

5  specification and practice of the fuel injector disclosed herein. It is intended that
the specification and examples be considered as exemplary only, with a true
scope of the invention being indicated by the following claims and their

equivalents.
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Claims

1. A fuel injector (32) for an engine (10) having at least one
combustion chamber (22), comprising:
a needle valve element (58) having a base end and a tip end (82)
with a valve sealing surface (81);
a control chamber (71) located at the base end of the needle valve
element; and
a nozzle member (56) including:
a central bore (72) configured to slidingly receive the
needle valve element;
a valve seating surface (74) configured for engagement
with the valve sealing surface of the needle valve element;
at least one radially disposed injection orifice (80) located
within the valve seating surface and being configured to communicate the central
bore with the at least one combustion chamber; and
an annular groove (76) disposed within the valve seating

surface.

2. The fuel injector of claim 1, wherein the annular groove is
disposed at approximately the same axial location as the at least one radially

disposed injection orifice.

3. The fuel injector of claim 1, wherein the at least one radially

disposed injection orifice is recessed within a surface of the annular groove.

4. The fuel injector of claim 1, wherein:
the at least one radially disposed injection orifice is a first radially

disposed injection orifice (80);
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the fuel injector includes a second radially disposed injection
orifice (80); and
the annular groove fluidly communicates the first and second

radially disposed injection orifices.

5. The fuel injector of claim 1, wherein a diameter of the annular
groove is greater than a diameter of the at least one radially disposed injection

orifice,

6. The fuel injector of claim 1, wherein a flow of fuel through the
at least one radially disposed injection orifice is blocked when the needle valve
element is moved to a first position by a reduction in pressure within the control

chamber.

7. The fuel injector of claim 6, wherein the valve sealing surface
of the needle valve element and the seating surface of the nozzle member are
engaged at a location upstream of the annular groove and at a location
downstream of the annular groove, when the needle valve element is in the first

position.

8. A method of injecting fuel into a combustion chamber (22) of
an engine, the method comprising:

pressurizing fuel;

relieving pressure from a base end of a needle valve element (5 8)
to allow a flow of pressurized fuel through a central bore (72) of a nozzle
member (56) to an annular groove (76); and

radially redirecting the pressurized fuel from the annular groove

into the combustion chamber.
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9. The method of claim 8, wherein radially redirecting the
pressurized fuel includes redirecting the pressurized fuel through at least one

injection orifice (80) recessed within a surface of the annular groove.

10. A machine (5), comprising:
5 an engine (10) configured to generate a power output and having
at least one combustion chamber (22);
a source of pressurized fuel (30); and
the fuel injector (32) as in any one of claims 1-7 configured to

inject pressurized fuel into the at least one combustion chamber.



PCT/US2007/003531

WO 2007/100471

1/3

1452

g1z
N
O

= %
S g O 2 2
| , , Z
™ — — N [/, \ /
PIENELINEON R ENE TN Wm
m__lﬂ: z ot l.,_ i _T__ M\&Wu
NI : | Ny
N - - " \Y
NN N NP
W Z N7 N 2 NZN Z NEN
AZNEAZNAAL _LWI NN <».N7




PCT/US2007/003531

2/3

WO 2007/100471

— e —

m T/ g 583 8 |

B ﬁs 8 3]

3 " © LAY 777, _
w 2, {1} AERRRTRNAA




WO 2007/100471 PCT/US2007/003531

3/3

e 8 e ————
-

-
~~ —
Te~—. -
—_——— R . . - —



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2007/003531

A. CLASSIFICATION OF SUBJECT MATTER

INV. F02M61/18 F02M4a7/02

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

B. FIELDS SEARCHED

FO2M

Minimum documentatlon searched (classification system followed by classification symbols)

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

EPO-Internal

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Calegory* | Gitation of document, with indication, where approptiate, of the relevant passages

figures 1,3

abstract

column 6, Tine 38 — line 57

X - WO 2004/085832 A (BOSCH GMBH ROBERT [DE]) 1-6,8,9
7 October 2004 (2004-10-07)
page 5, line 31 - page 8, line 4; figure 1

A page 10, line 20 - page 11, line 18; | 10
figure 4
X EP 0 234 314 A (SULZER AG [CHI) 1-6,8,9
. 2 September 1987 (1987-09-02)
A cotumn 4, T1ine 52 - column 5, 1ine 20; 10

X DE 100 05 009 Al (DAIMLER CHRYSLER AG 1,2,6,7
[DE]) 9 August 2001 (2001-08-09)
column 2, 1ine 6 - line 26; figure 1

—f—=

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

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

*E' earlier document but published on or after the international
filing date

*L* 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)

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

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

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

*X* 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

*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 docu-
m%r]]ts, 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

13 June 2007

Date of malling of the international search report

22/06/2007

Name and mailing address of the ISA/
European Patent Office, P.B. 5818 Palentlaan 2
NL - 2280 HV Rijswilk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Hermens, Sjoerd

Fom PCT/ISA/210 {second sheet) (April 2005)

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2007/003531

‘| C{Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

BOECKING FRIEDRICH [DE])
29 April 2004 (2004-04-29)
abstract; figure 2

Caiegory” | Gitation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A DE 198 43 616 Al (SIEMENS AG [DE]) 1-10
30 March 2000 (2000-03-30)
abstract; figure 1
A FR 2 792 686 Al (TOYOTA MOTOR CO LTD [JP]) 1-10
27 October 2000 (2000-10-27)
abstract; figure 1
A JP 02 067459 A (NIPPON DENSO CO) 1-10
7 March 1990 (1990-03-07)
abstract; figures 1,9
A WO 2004/036026 A (BOSCH GMBH ROBERT [DE]; 1-10

Form PCT/ISA/210 (continuation of second shest) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2007/003531
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2004085832 A 07-10-2004 CN 1759240 A 12-04-2006
DE 10313225 Al 07-10-2004
EP 1627148 Al 22-02-2006
JP 2006514210 T 27-04-2006

EP 0234314 A 02-09-1987 CH 669822 Ab 14-04-1989
JP 2071033 C 10-07-1996
JP 7109189 B 22-11-1995
JP 62191660 A 22-08-1987
us 4758169 A 19-07-1988

DE 10005009 Al 09-08-2001  NONE

DE 19843616 Al 30-03-2000 WO 0017514 Al 30-03-2000
EP 1117928 Al 25-07-2001

FR 2792686 Al 27-10-2000 DE 10020148 Al 16~11-2000
JP 3567838 B2 22-09-2004
JP 2001012334 A 16-01-2001

JP 2067459 A 07-03-1990  NONE

WO 2004036026 A 29-04-2004 DE 10247958 Al 29-04-2004
EP 1554487 Al 20-07-2005
JP 2006503207 T 26-01-2006
US 2006102752 Al 18-05-2006

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




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - wo-search-report
	Page 20 - wo-search-report
	Page 21 - wo-search-report

