File Histories

The world’s leading IP decision makers
turn to us for one reason. Trust.

Good decisions require reliable intelligence. That’s why more
IP decision makers rely on us.

We empower companies to build and protect their valuable
assets with services that span the full IP lifecycle. Our blend
of global expertise, resources, and technology translates to
results you can rely on with certainty. In any language, we’re
the name you can trust.

IP Services from Clarivate Analytics

Patent search and analytics

« Priorartsearch
« Patent watch

« Patent profiles

Patent licensing

+ Patent-to-product mapping

+ Standards mapping

+ Licensing opportunity analysis
« Patent acquisition analysis

« Claims charting

Alexandria
+1 8004459760 (US) IP 1702 300
+1 703 916 1500 (International) 07.2017

filehistories.clarivate.com © 2017 Clarivate Analytics

Patent preparation and prosecution

« Patentdrafting

« Prosecution services

IP analytics

+ Technology landscaping
« Patent portfolio audit

« Competitive portfolio assessment

IP management

« Data validation services

+ IP payments

+ IP docketing

+ IP management consulting
+ Paralegal services

« Proofreading

Translation services and file histories

For more information, call us at +1-800-445-9760
or email fhservice@clarivate.com

2 Clarivate

Analytics
Mercedes EX1005, Page 1 of 175

Mercedes v. Westport
IPR2023-00352

clarivate.com


http://filehistories.clarivate.com
mailto:fhservice%40clarivate.com?subject=
http://clarivate.com

FILE HISTORY
US 6,298,829

PATENT: 6,298,829
INVENTORS: WELCH ALAN B
RAHARDJA IRAWAN

HEBBES MIKE
TITLE: Directly actuated injection valve
APPLICATION ,55000522130A
NO:
FILED: 09 MAR 2000
ISSUED: 09 OCT 2001

COMPILED: 13 JAN 2022

Mercedes EX1005, Page 2 of 175
Mercedes v. Westport
IPR2023-00352



AndelE]l . | | paTeNT NUMBER
N R i & = . i ‘
= g[8 l=
= |37 | e208829
== 43 | -
=0 I\I\ g ' .
=5 | N3 z = |
go‘ | |® 6298829 -
= U.S. UTILITY Patent Appllcat|on - '

77 . O.LP.E. " PATENT DATE
' \\ N / % am:v;
SCANNED/I,Nw ‘Q.A.\V N I @CT ¥ 9
APPLICATION NO CONT/PRI,dR CLASSl ’ SUBCLASS - | ART UNIT ; EXAMINER
09/522130:| " D 123 R 3747 LT
E ‘Alar Welok
2  Irawan F\ctl & lj,lct '
(__l_J M e Hezbbs:
i : .
& R L O P
Direetly w_l:u«d‘ s dnjectidn valve T
4
it
e PTO-2040
12/99
‘ ISSUING CLASSIFICATION
) ORIGINAL , o . CROSS REFERENCE(S)
CLASS .- SUBCLASS CLASS, SUBCLASS (ONE SUBCLASS PER BLOCK)
7% | 429 |23 499
INTERNATIONAL CLASSIFICATION ‘ - / "
oM  Hjpo | Ao
L] Lo . ) o ) : ) ' I___IContmued on Issue Slip inside File Jacket o
J.l- 0] Formal Drawinn S (D shts set [ 3 G 60 .
- TERMINAL ' . ‘ DRAWINGS‘ . - ‘ CLAIMS ALLOWED
‘DISCLAIMER “Sheets Drwg. | Figs. Dwg. | PrintFig, '[ ~ Total Claims Print Claim for O.G.

,. 5 | 5 {2 | 32
"1 OJ The term of this ;:Iatént '. MP(B’WP X NOTICE OF AELOWANCE,MAILED

" subsequent to (date) MLD @tme/ 8@)9/\ e i ' ' P
has been disclaimed.. ' (Assistant Examlner) (Date) / . % ]7 O I

C] The term of this patent shall
not extend beyond the expiration date
of U.S Patent. Nc. _

' ) R |ssue FEE (‘AL '
yisory Pile . L Amount Date Paid |
A : ' : g S ’ ga :
{Primary Examiner} (Dala'). I& - v T Q%-—- O’
N | | o - ISSUE BATCH NUMBER
(J The terminal ___months of - ‘: ;

this patent have been disclaimed. ‘ . . { ’@'DI )/\ &‘
o ﬁﬂega{ Instryments Examiner) (Date)
WARNING: Y o

The. inforihation disclosed herein may be restricted. Unauthorized dlsclosure ‘may be prohibited by the United States Code Tntle 35 Secnons 122 181, and 368. |
Possession outs:de the U.S. Patent & Trademark Office is restricted to duthorized employees and contractors onIy .

rm PTO- B C
.(Fgev,;};m“‘f?‘i’f o : FILED WITH DDISK (CRF) DFICHE DCD ROM

ISSUE W’F ™ FHLE (e i okt n it

n
Formal Drawings © hig) ag i
(FACE) . : ' . Do ,I"\
: . i, . Mercedes EX1005, Page 3 of 175 - ;
. A . ' ’ ~+_ Mercedes v. Westport

IPR2023-00352



6,298,829
Directly actuated injection valve

Transaction History

Date Transaction Description

03-09-2000 | Workflow - Drawings Finished

03-09-2000 | Workflow - Drawings Matched with File at Contractor

03-09-2000 | Workflow - Drawings Received at Contractor

03-09-2000 | Initial Exam Team nn

05-17-2000 | Notice Mailed--Application Incomplete--Filing Date Assigned

05-17-2000 | Correspondence Address Change

06-26-2000 | Application Dispatched from OIPE

06-26-2000 | Application Is Now Complete

07-19-2000 | Information Disclosure Statement (IDS) Filed

07-19-2000 | Information Disclosure Statement (IDS) Filed

08-04-2000 | Case Docketed to Examiner in GAU

03-14-2001 | Information Disclosure Statement (IDS) Filed

03-14-2001 | Information Disclosure Statement (IDS) Filed

03-20-2001 | Non-Final Rejection

03-21-2001 | Mail Non-Final Rejection

06-22-2001 | Information Disclosure Statement (IDS) Filed

06-22-2001 | Information Disclosure Statement (IDS) Filed

06-22-2001 | Response after Non-Final Action

06-27-2001 | Date Forwarded to Examiner

08-07-2001 | Mail Notice of Allowance

08-07-2001 | Notice of Allowance Data Verification Completed

08-09-2001 | Workflow - File Sent to Contractor

08-23-2001 | Issue Fee Payment Verified

09-06-2001 | Workflow - Complete WF Records for Drawings

09-11-2001 | Application Is Considered Ready for Issue

09-21-2001 | Issue Notification Mailed

10-09-2001 | Recordation of Patent Grant Mailed

10-09-2001 | Patent Issue Date Used in PTA Calculation

07-22-2002 | Post Issue Communication - Certificate of Correction

03-26-2003 | Correspondence Address Change

07-23-2012 | Correspondence Address Change

07-24-2012 | Change in Power of Attorney (May Include Associate POA)

01-27-2015 | Correspondence Address Change

03-31-2017 | Correspondence Address Change

Mercedes EX1005, Page 4 of 175
Mercedes v. Westport
IPR2023-00352




PPLICATION  sesasu s s10 -

\\\l\\\\\\\\\\\\\l\\\\\\\l\\\\\\\\\\\1\\\\\\\\\l\\ | H““ﬁ'?“/“ﬁmmw . -

CONTENTS : . |
' . Date Received T . Date Received
A : , o (Incl. C. gf M.) ot - «(Incl. C. of Mf)‘
| e | Dme%wgz | - ' . Date Mailed
L App/ cation_) - _papers. - 7e 42, | ‘
25 K E AN
Mm S Q/ (98D
A .
.20 .Em\e,ém\

N \>S
fM¢1M
‘ﬁ ( JAQA,

Weppl
12 53.
1 54,
s 55.
15 g,
16. o
17. s
18, s
19. 0
20, .
21. .
22, "
2. 64.
24, .
25. s
26.'4 | o
ar. - 68.
2. 60.
29. 0.
30. A
st 72.
% 73
3. " 74,
3 . 75.
% .76.
36. ”
37 78.
% 79.
39. %
40. o
. ' — _ e
| | - -~ (LEFT QUTSIDE)

" Mércedes EX1005, Page 5 of 175 -
- Mercedes v. Westport
IPR2023-00352



T i - I

ISSUE SLIP STAPLE AREA (for additional cross references)

POSITION — INTIALS [ ID NO. T DATE

-

Val

FEE DETERMINATION A B/

"OIP.E CLASSIFIER . | . /27 Fy 4__9

2

RS Ytz T

FORMALITY BEVIEW e IO Lo J <, % . // ¢ b
'RESPONSE FORMALITY REVIEW | E s AN
" INDEX OF CLAIMS |
v ... Rejected. - N, Non-elected
= ‘ .. Allowed ‘ F oo Interference
— (Through numeral),.. Canceled A [T ~.. Appeal
TR ... Restricted [0 S reevenrenen.. Objected
Claim Date Claim Date Claim Date
" gé i 3|5 sl5
1500k ik HE
I ER 51 101
A 2= 52 102
3| 3 53 103
g e 54 104
EE 55 105
AR ’ 56 106 ]
ik 57 107
g8 |58]° - 108
KK 59/ 109
) ~ |60 10
) ] |61 [
- gulf i 62 112
1313 63 113
214 e ‘ 114]
&hs [ |es| N 115
G 66 116
771 ({1 67 117 .
18l L T " |68 1118
ZIEENIR 69 119
20(17} 70 R 12p)| - !
:\gl)f; 71 121 -
Q22| | ' 72| 12
923 || ) 73 123
Dipe4 74 124).
91%)35] 75 125|.
2426 76 126]
«2427' 77 127
ZA28 78 128
ETIEING 79 129
~2d430[= 80 130
91 31 81 131
2332 S 82 EZ L
133 83 133
' 34 84 : 134
35| | 85 135
136 86 NEC
37 87 137
38 88 38
39 89 ; 139
40 90 140
4 91 141
42 92 142
43 93 143
44 94 1144
45 " 95 145
46 - 96 has
47 97 147] .
48 98 148
49 { 99 {149
150 100 ‘ 150

If more than 150 claims or 10 actions
staple additional sheet here

(LEFT INSIDE) o
Mercedes EX1005, Page 6 of 175
Mercedes v. Westporf
IPR2023-00352

‘...\



SEARCHED

125\ | [H.0b

1122y FBA
| b

pafe 8] |1—

\

v

)23 Lf%:}
j2% |42
122 1478 |

_INTERFERENCE SEARCHED |

Class Sub. | Date Exmr.

. ‘
| 251 9.6l

F17
Y

7% | 495 |@he]
498 |

224 [1Z3ah

" (RIGHT OUTSIDE)

Class Sub. ~Date Exlmr.‘ |

I raleaad =0

'SEARCH NOTES

(INCLUDING SEARCH STRATEGY)

Date - -| Exmr.

' Meréédes EX1005, Page 7 of 175
Mercedes v. Westport
IPR2023-00352



iTypé | L # | Hits: ' ‘Search Text’ ' DBs' | Time Stamp'
fuel and (injection,or'. e )

, injector) and (direct.or '\ . . o ,
: B directly) and (actuation ori ... ..12001/03/20
BRS Ll 1280 actuated) .and ~ [USPAT 10g:11

(piezoelectric or :
“imagnetostrictive)
. |usear;
fuel and (injection or.  {US-PGPi
injector) and (direct.or uB;. -~ o
3 . directly) and (actuation orlERO; i2001/03/20- -
BRS: L2 1283 ‘tactuated) and S - 1JPO; 08:11 -
(piezoelectric or DERWEN! ., .
magnetostrictive) - . iT; IBM
: © iTDB -
. JUSPAT; |’
{US-PGP
, o o - {UB;. L
o .12 and (hydraulic or tEPO; 12001/03/20
|BRS L3 . 160 fluid)with cylinder JPO; - {08:12
: T . DERWEN}" R
T; “IBM .
TDB '
: o

03/20/2001, EAST Version: 1.02.0008

.+ Mercede's EX1005, Page § of 175
", 'Mercedes v. Westport

IPR2023-00352




a2 United States Patent
Welch et al.

US006298829B1

(10) Patent No.:
5) Date of Patent:

US 6,298,829 Bl
Oct. 9, 2001

(54

(75)

(73) Assignee:

(€A

(*) Notice:

(21) Appl. No.:

(22) Filed:

(60)

1999.

(51) Imt.CL7 ...

(52)

(58) Field of Search

(56)
3,508,506 * 8/1971
4,022,166 * 5/1977
4,101,076 * 7/1978
4,158,368 6/1979
4,725,002 2/1988
4,726,389 2/1988
4,803,393 * 2/1989
4,813,601 3/1989
5,031,841 7/1991
5,035,360 7/1991
5,697,554  12/1997
5,779,149 7/1998
5,819,710  10/1998
5,821,671 * 10/1998
5,845,852  12/1998
5,875,764 3/1999
5,917,692 6/1999
6,062,533 5/2000
197 27 992 1/1999

DIRECTLY ACTUATED INJECTION VALVE

Inventors: Alan B. Welch; Irawan Rahardja;
Mike Hebbes, all of Vancouver (CA)

Westport Research Inc., Vancouver

Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 0 days.

09/522,130

Mar. 9, 2000

Related U.S. Application Data
Provisional application No. 60/159,791, filed on Oct. 15,

F02M 41/00
123/467; 123/472
123/498, 497,

123/467, 472, 478; 251/129.06; 239/533.2,

533.9; 293/102.2

References Cited

U.S. PATENT DOCUMENTS

O NEill oovveniirieeieieierieienne 417/383
Bart .ooooveeieieeeeee e 123/32
Bart ...... ... 239/584
Clark ... 137/487.5
Trachte ..occcoveevevvevereeneenne 239/102.2
Minoura et al. .

Takahashi ......ccccoevvevenveennnnne 310/328
Schwerdt et al. .. 239/91
Schafer ........... ... 239/585
Green et al. ... .. 239/585
Auwaerter et al ... 239/88
Hayes, Jr. ... ... 239/124
Huber ...... .. 123/498
Trzmiel ........... ... 310/328
Waldman et al. ... 239/533.8
Kappel et al. ..o 123/467
Schmitz et al. .

Kappel et al. ..cocoiviiiiiinns 251/57

FOREIGN PATENT DOCUMENTS

(DE) .

N
N
<

0376 493 7/1990 (EP)
2321278 81998 (EP).
09324723 12/1997 (IP).
10-009084  1/1998 (IP).
WO 85/02445  6/1985 (WO)

* cited by examiner

Primary Examiner—Henry C. Yuen

Assistant Examiner—Mahmoud Gimie

(74) Atntorney, Agent, or Firm—McAndrews, Held &
Malloy, Ltd.

57 ABSTRACT

A directly actuated injection valve comprises a hollow valve
housing, a valve needle disposed within the hollow interior,
a needle spring, an actuator assembly, and a hydraulic link
assembly. The valve needle is movable between a closed
position and an open position for governing the flow of fuel
into the combustion chamber of an internal combustion
engine. The displacement of the valve needle from the
closed position is defined as the lift. The a needle spring
biases the valve needle in the closed position. The actuator
assembly generates an opening force that acts against the
needle spring to open the valve. The hydraulic link assembly
is interposed between the valve needle and the needle spring
and the actuator assembly. The hydraulic link assembly
transmits respective closing and opening forces to the valve
needle. The hydraulic link preferably comprises a piston
disposed within a cylinder that is filled with a hydraulic
fluid. The opening and closing forces are transmitted
through a thickness of the hydraulic fluid that is trapped
between the planar surfaces of the piston and the head and
base of the hydraulic cylinder. In the preferred embodiment,
the thickness of the hydraulic fluid trapped between the
piston and cylinder head or base is automatically adjustable
in response to changes in the dimensional relationship
between components of the injection valve to maintain a
desired valve needle lift when the actuator assembly is
activated. When the actuator assembly comprises a magne-
tostrictive or piezoelectric member, the movements of the
valve needle can be controlled by the application of a shaped
control pulse or waveform to improve the speed of the
opening and closing motion of the valve needle, and to
reduce the impact of the valve needle on the valve seat upon
closing.

32 Claims, 5 Drawing Sheets
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1
DIRECTLY ACTUATED INJECTION VALVE

CROSS-REFERENCE TO RELATED
APPLICATION(s)

The present application relates to and claims priority
benefits from U.S. Provisional Patent Application Serial No.
60/159,791 filed Oct. 15, 1999, entitled “Directly Actuated
Injector”, which is incorporated by reference in its entirety.

TECHNICAL FIELD

The present invention relates generally to high pressure
fuel injection valves or injectors for internal combustion
engines, and, more specifically, to an injection valve that is
directly controllable by a position activating material (such
as, for example, a piezoelectric or magnetostrictive material)
and which includes a passive hydraulic link.

BACKGROUND

Direct injection of a gaseous fuel into the combustion
chamber of an internal combustion engine is desirable for
several reasons. For example, direct injection allows charge
stratification, eliminating throttling losses associated with
homogeneous charge engines. Additionally, with direct
injection late in the compression stroke, a high-compression
ratio can be maintained, maintaining efficiency. Further,
when the fuel that is directly injected comprises natural gas,
propane, or hydrogen, the emissions of NO, and particulate
matter (PM) are significantly reduced. The directly injected
gaseous fuel can be ignited with a glow plug, with a spark
plug or with pilot diesel fuel. The gaseous fuel needs to be
injected at high pressure to overcome the combustion cham-
ber pressure, which is high at the end of the compression
stroke. Preferably, the injection pressure is high enough to
promote good mixing between the injected fuel and the
combustion chamber air.

Direct injection at high pressures presents several chal-
lenges. The use of high pressure fuels for direct injection
results in high fuel pressures existing within the injection
valve or injector. As a result, the injection valve must
typically be strongly seated to avoid leakage of the fuel into
the combustion chamber between injection events. The
valve is “seated” when the valve is closed, for example, in
a needle valve, when the sealing surfaces of the valve needle
and the valve seat are in fluid-tight contact with each other.
Moreover, compared to low-pressure systems, higher forces
are needed to open the injection valve. For example, for a
needle valve that employs an inwardly opening valve
needle, when the needle is in the open position it may be
subjected to high forces from the pressurized fuel.
Additionally, there is only a small window of time during
which the fuel can be injected. For example, at 4500
revolutions per minute (RPM), at full load, all of the fuel is
preferably injected in less than 2—-3 milliseconds.

Nearly all prior direct fuel injection systems in internal
combustion engines have been hydraulically-actuated.
These systems rely on a hydraulic fluid to provide the force
that is needed to open an injection valve (or valves, when the
engine comprises a plurality of combustion chambers).
Accordingly, at typical engine operating speeds, hydrauli-
cally actuated injectors rely on rapid changes in the hydrau-
lic fluid pressure to open and close the injection valve(s). An
injection valve is typically opened by increasing the hydrau-
lic fluid pressure and closed by reducing the hydraulic fluid
pressure, such that the opening force applied to the injection
valve is reduced, causing the valve to close. However, in the
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context of a conventional gaseous injector, hydraulic opera-
tion presents several drawbacks, including:

the need for additional hydraulic hardware such as a

hydraulic pump, valves, and a reservoir for the hydrau-
lic fluid;

the need for a seal to be established between the variable

pressure hydraulic fluid and the high pressure gaseous
fuel;

increased bulkiness of the injection valve assembly

because of the additional hardware requirements; and
delayed response of the system due to time delay of the
hydraulic fluid between the electrical valve hardware
and the needle that controls gas flow from the injector.

Moreover, the degree of controllability of the movement
of the injection valve is low when the motive force is
provided by a pressurized fluid rather than by a directly
controllable source. In this respect, it is difficult to do lift
control, with some limited capabilities when using double-
spring configuration. Therefore, it is desirable to avoid the
use of hydraulics to operate gas injectors, particularly for
high-speed engines. “Lift” in the context of needle valves is
defined herein as the displacement of the valve needle away
from its closed/seated position to its open position.

In response to at least some of the drawbacks with
hydraulic activation, solenoid actuators have been consid-
ered as an alternative for injection valve actuation because
of the simplicity and reliability of solenoids. For example,
U.S. Pat. No. 5,035,360 (the *360 patent) discloses a directly
actuated gas only injector employing a solenoid actuator.
However, the application disclosed for the solenoid actuator
is an injection valve for a two-stroke engine with an oper-
ating speed of 2100 RPM. The 360 patent discloses intro-
ducing fuel into the piston cylinder between the times during
the engine cycle when the piston is at approximately bottom
dead center and 60 degrees after bottom dead center. The
’360 patent further discloses injecting fuel at a pressure of
about 300 pounds per square inch (psi) (about 2.1 MPa).
Accordingly, the fuel is not introduced at pressures as high
as the pressure when the piston is at or near top dead center,
for example, at pressures of 3,000 psi (21 MPa) and higher.
For a constant needle diameter, higher fuel pressures require
higher actuating forces and to increase the actuating force of
a solenoid it must be made larger. The *360 patent also
discloses that “large solenoids of conventional type are
inherently slower than small ones”. Thus solenoid actuators
are not suitable for applications that require a combination
of fast response times and high actuating forces, such as, for
example, injectors used for high-pressure fuels. Solenoids
also do not effectively deliver small amounts of fuel, such as
the amount needed at low loads, and particularly at high-
speed. For higher speed engines (for example, engines
running at 3000 RPM and higher), the minimum opening
time of the needle tends to be too long for delivering only a
small amount of fuel. The shortest known opening time for
solenoid actuated injection valves is about 700 microsec-
onds. Additionally, while solenoid actuators are capable of
substantial lift, of the order of 20-thousandths of an inch
(500 micron) or more, they do not permit control of the lift.
Conventional solenoid technology is only known to be able
to offer duration control (how long the valve is open for) and
not position control (how much the valve is lifted).

It is also known to use piezoelectric or magnetostrictive
actuation (devices which can change their dimensions under
the effect of an electric or magnetic field) for directly
actuated injection valves. For example, U.S. Pat. No. 5,031,
841 (the ’841 patent) describes a metering valve using an
actuating member, which according to the patent could be a
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piezoelectric stack or a magnetostrictive actuator. One fea-
ture disclosed by the 841 patent is the addition of a
diaphragm which has the dual purpose of acting as a spring
biasing the valve in its closed position and of providing a
seal between the metered fluid and the actuator. The °841
patent discloses an adjusting screw for mechanically setting
the position of the actuator within the housing. According to
the *841 patent, the valve needle is rigidly connected to the
actuator by a pressure pin.

Piezoelectric or magnetostrictive actuation devices have
also been used in injection valves to actuate an internal
hydraulic control valve. For example, U.S. Pat. No. 5,819,
710 (the 710 patent) describes an injection valve within
which a servo valve is used. The servo-valve is actuated by
an actuating member, which could be a piezoelectric stack or
a magnetostrictive material. The actuating member can be
controlled to close the servo valve gently to reduce wear and
improve service life. According to the *710 patent, the servo
valve actuating member can be paired with a insert bolt or
stud to compensate for differences in thermal expansion
between the actuator and the injector housing. (See column
4, lines 25-48).

U.S. Pat. No. 5,845,852 (the ’852 patent) describes
another injector that employs a piezoelectric actuator to
operate an internal three-way hydraulic control valve to
open and close the main injection check valve. The *852
patent describes a piezoelectric actuator acting through the
intermediate of a self-locking preload assembly. This self-
locking preload assembly has three functions: (i) to com-
pensate for dimensional changes and/or imperfections; (ii) to
offset some of the upward force due to fuel pressure; and,
(iii) to preload the piezoelectric stack for better performance.

Similarly, U.S. Pat. No. 5,779,149 describes an injector
using a piezoelectric actuator acting on a hydraulic control
valve through the intermediate of a hydraulic amplifier,
which serves to amplify the movement of the actuator. The
hydraulic control valve allows the main injection valve to
open and close to meter the amount of fuel injected.

A problem with employing a piezoelectric or magneto-
strictive actuator to operate a control valve, which in turn
controls the flow of a hydraulic fluid to operate an injection
valve, is that this arrangement requires the intermediate
action of a hydraulic fluid. Any delays caused by the
displacement of the hydraulic fluid causes delays in the
actuation of the injector. Accordingly, there is a need for an
injector that is directly actuated by an actuator without an
intermediate active hydraulic operator generating any actu-
ating forces. Another disadvantage of active hydraulically
operated systems is that a hydraulic fluid needs to be
supplied and drained from a hydraulic cylinder. When diesel
fuel is the main fuel used by the engine, the diesel fuel may
be used as the hydraulic fluid. However, when a gaseous fuel
is the engine’s main fuel, a separate hydraulic fluid system
would be needed to operate injectors that rely on hydraulic
actuation.

SUMMARY

An injection valve injects fuel into a combustion chamber
of an internal combustion engine. The injection valve com-
prises:

(a) a valve housing comprising:

a fuel inlet port;

an interior chamber fluidly connected to the fuel inlet
port;

a nozzle comprising a nozzle orifice providing a fluid
passage from the interior chamber to the combustion
chamber;
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(b) a valve needle disposed within the valve housing
wherein the valve needle is movable between a closed
position at which a sealing end of the valve needle
contacts a valve seat to fluidly seal the interior chamber
from the nozzle orifice, and an open position at which
the sealing end of the valve needle is spaced apart from
the valve seat whereby the interior chamber is fluidly
connected with the nozzle orifice, wherein valve needle
lift equals the distance traveled by the sealing end away
from the valve seat;

(c) a needle spring associated with the valve needle,
wherein the needle spring applies a closing force to the
valve needle for biasing the valve needle in the closed
position;

(d) an actuator assembly associated with the valve needle,
wherein the actuator assembly may be activated to
apply an opening force to the valve needle stronger
than the closing force, for moving the valve needle to
the open position; and

(e) a hydraulic link assembly comprising a hydraulic link
having a fluid thickness through which the opening and
closing forces are transmitted, wherein the thickness of
the hydraulic link is adjustable in response to changes
in the dimensional relationship between components of
the injection valve to maintain a desired valve needle
lift when the actuator assembly is activated.

In a preferred embodiment, the thickness of the hydraulic
link is auto-adjustable in response to changes in the dimen-
sional relationship caused by differential thermal expansion,
and/or wear to components of the injection valve. The
hydraulic link assembly preferably comprises a sealed
hydraulic cylinder, with a piston and hydraulic fluid dis-
posed within the hydraulic cylinder. The piston may be an
integral part of the valve needle.

The actuator assembly preferably comprises a magneto-
strictive member or a piezoelectric stack. When the actuator
assembly comprises a magnetostrictive member, an electric
coil is disposed around the magnetostrictive member and a
flux tube is disposed around the electric coil. In preferred
arrangements, the actuator assembly may be disposed within
the interior chamber of the injection valve. In a particular
preferred embodiment, the actuator assembly is tubular and
disposed within an annular space around a cylindrical por-
tion of the valve needle. One end of the tubular actuator
assembly may be held in a fixed position in relation to the
valve housing by a pole that supports the magnetostrictive
member. The pole is attached to the valve housing to prevent
movement of the supported end of the magnetostrictive
member when the actuator assembly is activated.

When the injection valve actuator assembly employs a
magnetostrictive member or a piezoelectric stack, the actua-
tor assembly is controllable to control the desired lLift
between 10 and 100 percent of maximum lift. That is, the
control pulse directed to the actuator assembly can be
modulated to provide full or partial lift, as desired. When the
actuator assembly comprises a magnetostrictive member,
the control pulse is a modulated electric current directed to
an electric coil that produces a magnetic field. When the
actuator assembly comprises a piezoelectric stack, the con-
trol pulse is a modulated voltage applied to the piezoelectric
stack.

The present injection valve is particularly suited for
injecting a gaseous fuel because the ability to modulate the
movement of the valve needle may be beneficially used to
slow down the closing action of the valve needle to reduce
impact upon closing. When a liquid fuel is injected, the
closing impact is dampened by the displacement of the thin
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liquid fuel layer, which is considerably denser than gaseous
fuels. When the fuel is a gaseous fuel, it can be injected into
the combustion chamber at a pressure greater than about
2000 psi (about 13.8 MPa).

A magnetostrictive material that is suitable for use in the
present injection valve comprises a material known as
ETREMA Terfenol-D® magnetostrictive alloy that is avail-
able from Etrema Products Inc. ETREMA Terfenol-D®
magnetostrictive alloy is a metal alloy composed of the
elements terbium, dysprosium, and iron.

In a preferred embodiment, the valve needle, actuated by
a magnetostrictive or piezoelectric actuator assembly is
controllable to move between the closed and open positions
in less than about 250 microseconds.

To improve the range of valve lift for a given magneto-
strictive or piezoelectric actuator length, a compressive
force may be applied to the magnetostrictive member or
piezoelectric stack. By pre-loading magnetostrictive mem-
bers and piezoelectric stacks, net displacement may be
increased per respective unit of applied magnetic field or
applied voltage. Accordingly, a compression spring member
may be employed for applying a compressive force to
pre-load the magnetostrictive member or piezoelectric stack.
In a preferred embodiment, the compression spring member
comprises at least one disc spring (also known as a Belleville
spring or Belleville washer).

The injection valve housing may comprise a plurality of
parts that are joined with each other to provide a fluidly
sealed body. For example, the valve housing may comprise
a hollow main housing with a removable valve cap that
allows access to the valve components disposed within the
main housing. The valve housing may further comprise a
separate valve tip so that it is replaceable when worn. In
addition, the valve tip may be designed so that it is the only
portion of the valve body that is directly exposed to the
interior of the combustion chamber. In this case the valve tip
may be made from a material that will provide greater
durability when directly exposed to the conditions that might
be expected within a combustion chamber.

While the hydraulic link is designed to compensate for
changes in the dimensional relationships between valve
components, including changes caused by differential ther-
mal expansion, the demands placed upon the hydraulic link
may be reduced by the selection of materials for the valve
components that have similar thermal expansion coeffi-
cients.

Apreferred fuel injection valve for an internal combustion
engine comprises:

(a) a valve housing comprising:

a fuel inlet port;

an interior chamber fluidly connected to the fuel inlet
port;

a nozzle comprising a valve seat and a nozzle orifice
providing a fluid passage from the interior chamber
to the combustion chamber;

(b) a valve needle comprising a cylindrical portion having

a sealing end and a piston portion having a pre-load
end, the valve needle disposed within the valve housing
wherein the valve needle is movable between a closed
position at which the sealing end contacts the valve seat
to fluidly seal the interior chamber from the nozzle
orifice, and an open position at which the sealing end
is spaced apart from the valve seat whereby the interior
chamber is fluidly connected with the nozzle orifice,
wherein valve needle lift equals distance traveled by
the sealing end away from the valve seat;

(c) a needle spring associated with the pre-load end of the

valve needle, wherein the needle spring is compressed
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to apply a closing force to the valve needle for biasing
the valve needle in the closed position;

(d) an actuator assembly that may be activated to apply an
opening force to the valve needle that is stronger than
the closing force, for moving the valve needle to the
open position, the actuator assembly comprising:

a tubular magnetostrictive member disposed around the
cylindrical portion of the valve needle;

an electrical coil disposed around the magnetostrictive
member;

a flux tube disposed around the electrical coil; and

a support for the actuator assembly that acts as a pole
and provides a fixed position for one end of the
magnetostrictive member relative to the valve hous-
ing; and

(e) a hydraulic link assembly comprising a sealed hydrau-
lic cylinder disposed about the piston portion of the
valve needle, a hydraulic fluid disposed within the
hydraulic cylinder, wherein the opening and closing
forces applied to the valve needle are transmitted
through the thickness of hydraulic fluid whereby the
hydraulic fluid acts as a hydraulic link and the thickness
is automatically adjustable in response to changes in
the dimensional relationship between components of
the injection valve to maintain a desired valve needle
lift when the actuator assembly is activated.

Also provided is a method of using a shaped waveform to
control an injection valve that employs a magnetostrictive or
piezoelectric actuator assembly. The method comprises, in
sequence:

(a) initiating an injection event by applying a control
pulse and accelerating valve opening by raising the
value of the control pulse to a spike value that is greater
than the value required for the desired lift (the spike
value may be up to about an order of magnitude higher
than the value required for the desired lift);

(b) reducing the control pulse from the spike value to a
value that is needed to provide the desired lift;

() reducing the control pulse to a negative value to
accelerate valve closing;

(d) increasing the control pulse to a positive value to slow
down valve closing to reduce the impact force of the
valve needle on the valve seat; and

(e) reducing the control pulse to zero to close the valve.

The method may further comprise shaping the waveform
to modulate the movement of the valve needle, for example,
to provide only partial lift when reduced fuel flow is desired.
This result could be achieved, for example, by momentarily
reducing the control pulse to a value that is lower than the
value that is needed for the desired lift to reduce the average
value of the control pulse during the injection event. The
reduction in the control pulse value is preferably timed
immediately after increasing the control pulse to the spike
value, so that the reduced control pulse helps to stop the
opening action of the valve needle.

When the actuator assembly employs a magnetostrictive
member, the control pulse is a modulated electric current
directed to an electric coil that produces a magnetic field
oriented in the direction of actuation. When the actuator
assembly employs a piezoelectric stack, the control pulse is
a modulated voltage applied to the piezoelectric stack.

In the preferred method, the time needed to move the
valve needle between the closed position and the desired
open position may be as short as about 175 microseconds.
More typically, however, the time needed to move the valve
needle between the closed position and the desired open
position may be as short as about 250 microseconds.
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An advantage of the present injection valve is that it may
be employed for late-cycle high-pressure direct injection of
fuels into internal combustion engines. For example, the
present injection valve may be used to inject a gaseous fuel
into the combustion chamber of an internal combustion
engine at pressures of between about 2000 and 5000 psi
(about 13.8 and 34.5 MPa). The present injection valve may
be employed to introduce liquid fuels into internal combus-
tion engines at even higher pressures.

Still another advantage of the present injection valve is
that it provides an injection valve that eliminates the need for
an active hydraulic operator and the associated high-
pressure hydraulic system for generating the actuation force
to actuate the injection valve. Conventional active hydraulic
operators are different from the hydraulic link of the present
invention, which may be described as a passive hydraulic
link because the hydraulic fluid sealed within the hydraulic
link assembly merely transmits the actuating forces but is
not employed to generate an actuating force for actuating the
valve. Rather, the purpose of the hydraulic link is to provide
a load path for the opposing actuating forces that originate
from at least one spring member and the actuator assembly.
A benefit of eliminating the need for a conventional active
hydraulic operator is the elimination of the associated active
hydraulic systems. Conventional active hydraulic actuators,
such as those that employ rapidly increasing and decreasing
hydraulic fluid pressure to actuate an injection valve need to
be connected to a source of high pressure hydraulic fluid and
need valves for controlling the flow of hydraulic fluid in and
out of the active hydraulic operator. Active hydraulic actua-
tors employ hydraulic fluid that is moved in and out of a
hydraulic cylinder and when the hydraulic cylinder is fluidly
connected to a source of high pressure hydraulic fluid, the
high pressure hydraulic fluid that flows into the hydraulic
cylinder generates the actuating force that is used to move
the valve needle. The actuating force is removed when the
hydraulic cylinder is disconnected from the source of high-
pressure hydraulic fluid and the hydraulic fluid is drained
from the hydraulic cylinder. A disadvantage of active
hydraulic actuators of this type is that there is a lag time
associated with moving the hydraulic fluid into and out of
the hydraulic cylinder.

A further advantage of the passive hydraulic link is that it
may be employed to correct for differential thermal
expansion, wear and dimensional variability within permit-
ted manufacturing and assembly tolerances. The disclosed
passive hydraulic link accomplishes this by auto-adjusting
itself in response to these effects by allowing movement of
hydraulic fluid between opposite sides of the hydraulic
piston. The actuator assembly thus re-zeroes itself to ensure
that the desired valve needle lift is maintained.

An advantage of employing a directly actuated injection
valve is that a shaped control pulse may be employed to
control the acceleration and deceleration of the valve needle
as it moves between the open and closed positions. For
example, when a magnetostrictive actuator is employed, the
current applied to the electromagnetic coil can be controlled,
for example, to reduce the current in a manner that will close
the valve gently. Similarly, when a piezoelectric actuator is
employed, the voltage applied to the piezoelectric stack can
be controlled, for example, to accelerate the opening of the
valve by initially providing an overvoltage (that is, a voltage
that is higher than the voltage that is needed to provide the
necessary displacement). Thus, control pulses may be
employed to control the expansion and contraction of mag-
netostrictive or piezoelectric actuators to control the move-
ment of the valve needle. An advantage of controlling the
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deceleration of the valve needle is that the impact of the
valve needle on the valve seat upon closing can be reduced
to reduce the wear on the valve components, thereby
improving durability.

Yet another advantage of the present injection valve is that
the control pulse may be shaped to provide for partial lifting
of the valve needle in a repeatable manner. The amount of
lift may be controlled by shaping the control pulse to control
the amount of electrical current or voltage directed to the
respective magnetostrictive or piezoelectric actuator assem-
bly.

Still another advantage of the disclosed injection valve is
that the actual valve needle lift is very small (typically much
less than 0.1 millimeter), so that compared to valves
designed for greater valve needle lift, the valve needle
velocity required to open the present injection valve is much
less.

These and other advantages are provided by a directly
actuated injector as described below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a preferred embodi-
ment of a directly actuated fuel injection valve;

FIG. 2 is an enlarged view of an upper portion of the fuel
injection valve of FIG. 1;

FIG. 3 is an enlarged view of a lower portion of the fuel
injection valve of FIG. 1;

FIG. 4 is a timing diagram for a preferred method of
controlling electric current applied to the actuator assembly
of the fuel injection valve of FIG. 1; and

FIG. 5 is a timing diagram for a preferred method of
controlling voltage applied to a piezoelectric actuator assem-
bly for a fuel injection valve.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENT(S)

FIGS. 1 through 3 show a preferred embodiment of a
directly actuated fuel injection valve 100 for internal com-
bustion engines. Injection valve 100 includes elongated
valve housing 102 that cooperates with valve cap 104 and
valve tip 106 to provide a fluidly sealed valve body. Seals
may be employed to ensure that the assembled valve body
is fluid-tight. Valve cap 104 comprises inlet port 108 through
which fuel enters the valve body, and valve tip 106 com-
prises at least one nozzle orifice 110 through which fuel exits
the valve body. Valve tip 106 further comprises valve seat
112.

In the preferred embodiment, shown more clearly in the
enlarged view of FIG. 3, valve seat 112 is angled to
maximize fluid flow following the sealing area (where valve
needle 114 contacts valve seat 112). The differential angle
between the end surface of valve needle 14 and valve seat
112 is chosen so that the flow area does not decrease as gas
moves inward toward the central throat of valve tip 106 that
feeds nozzle orifice(s) 100.

Valve Needle

Valve needle 114 is disposed within the interior of the
valve body and contacts valve seat 112 to close injection
valve 100 by preventing fuel from passing beyond valve seat
112 to nozzle orifice 110. In the embodiment of FIG. 1, valve
needle 114 comprises valve stem 1144, which moves into the
open position by moving inward within the valve body to lift
away from valve seat 112. Valve stem 1144 is a cylindrical
member and since the valve lift is generally small (for
example, about 65 micrometers), the diameter of valve stem
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1144 is selected to ensure sufficient flow capacity through
the valve opening since flow area (A) is proportional to
valve stem diameter (that is, A =ITxdiameter xlift). Hence,
a small lift can be compensated for by a larger diameter. In
the preferred embodiment illustrated by FIG. 1 valve needle
114 further comprises a separate piston member may coop-
erate with valve needle 114 to provide the same effect. In an
alternative arrangement (not shown), a poppet-type valve tip
may be used so that downward movement of the valve
needle causes it to open. In this alternative arrangement, the
actuator assembly is preferably positioned above valve
needle 114 so that when the actuator is energized to open the
injection valve, a downward force is applied to valve needle
114.

Spring Assembly

A spring assembly biases valve needle 114 in the closed
position. In a preferred arrangement, the spring assembly
comprises at least one needle spring 116 for providing a
closing force to valve needle 114. With reference to embodi-
ment of FIG. 1, the spring assembly further comprises a
needle spring guide 118 for transmitting the closing force
from needle spring 116 to valve needle 114. Needle spring
116 is held in compression by needle spring adjuster 120,
which cooperates with needle spring housing 122 to provide
aload path to valve housing 102. In a preferred arrangement,
respective threaded surfaces join needle spring adjuster 120
to needle spring housing 122, and needle housing 122 to
valve housing 102. After needle spring adjuster 120 has been
rotated to compress needle spring 116 to provide the desired
pre-load force to needle spring 116, locking nut 124 may be
tightened to prevent needle spring adjuster 120 from loos-
ening. The spring energy set by compressing or preloading
needle spring 116 provides the closing force for keeping
valve needle 114 in the closed position.

Actuator Assembly

An actuator assembly may be activated to provide an
opening force that is opposite and greater than the closing
force provided by the spring assembly. In the embodiment
illustrated in FIG. 1, the actuator assembly comprises a
member that expands or contracts in the direction of the
opening force when the member is exposed to a magnetic
field or subjected to an electrical voltage, such as, for
example, a magnetostrictive material or a piezoelectric
stack.

In the embodiment illustrated by FIG. 1, the actuator
assembly is a magnetostrictive actuator that comprises mag-
netostrictive member 130, electric coil 132 disposed around
the outer diameter of magnetostrictive member 130, a flux
tube 134 disposed around electric coil 132. Flux tube 134
may be made from common carbon steel with a lengthwise
slit to break eddy currents. An electric current is supplied to
electrical fitting 136. Electric leads (not shown) conduct the
electric current from electrical fitting 136 to electric coil
132. When an electric current is applied to electric coil 132
a magnetic flux develops that flows through magnetostric-
tive member 130, pole 138, 140 and 142, and flux tube 134.
Poles 138, 140 and 142 are made from a suitable material
such as carbon steel (for example CS1018) or steel that has
a low magnetic hysteresis. Pole 138 is a “fixed” pole that
provides a structural support for a first end of magnetostric-
tive member 130, electric coil 132 and flux tube 134. Pole
140 is associated with a second end of magnetostrictive
member 130 and pole 142 is associated with a second end of
electric coil 132 and flux tube 134. Pole 140 is an “inner”
pole and pole 142 is an “outer” pole disposed concentrically
around inner pole 140. Pole 142, electric coil 132 and flux
tube 134 are held in place by lock nut 144, which preferably
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threads into the inner wall of valve housing 102. Poles 140
and 142 cooperate with one another to provide a flux path at
the second end of the actuator assembly, but pole 140 may
move relative to pole 142 so that magnetostrictive member
130 may expand in the direction of the magnetic field which
is oriented so that the actuator assembly provides an opening
force in opposition to the closing force of the spring assem-
bly.

A pre-compression force is preferably applied to magne-
tostrictive member 130 to amplify the magnitude of expan-
sion when a magnetic field is applied. Pre-compression of
magnetostrictive member 130 increases the net displace-
ment per unit of applied magnetic field. Similarly, when a
piezoelectric member is substituted for magnetostrictive
member 130, pre-compression increases the net displace-
ment of the piezoelectric member per unit of applied electric
voltage. A spring, such as, for example, disc spring 150 may
be employed to provide the pre-compression force. Alter-
native compression elements may be employed in place of
disc spring 150 to provide the pre-compression force, such
as, for example, a coil spring or another type of spring with
the same spring force, a hydraulic piston, or a combination
of compression elements. When a pre-compression force is
employed, the actuator’s displacement can increase to about
0.13% of the total length of magnetostrictive member 130.
However, the amount of displacement may decline as a
function of increasing temperature. For example, at typical
reciprocating engine cylinder head temperatures the actual
displacement may be about 0.065% of the length of pre-
compressed magnetostrictive member 130.

The dimensions of magnetostrictive member are dictated
by the requirements of injection valve 100. For example, if
injection valve 100 is designed to provide a lift of at least
about 65 um, magnetostrictive member 130 is sized to have
a length of at least about 100 mm. Additionally, the wall
thickness of annular magnetostrictive member 130 is
selected to provide sufficient force to overcome all of the
opposing forces that hold injection valve 100 in the closed
position. If the cross-sectional area of annular magnetostric-
tive member 130 is not sufficient, the opposing forces can
reduce or prevent longitudinal displacement of magneto-
strictive member 130, even when electric coil 132 is fully
energized. This mode is known as the “blocked force” mode.
Accordingly, the magnitude of the closing forces acting on
valve needle 114 dictate the cross sectional area of magne-
tostrictive member 130.

While FIG. 1 shows magnetostrictive member 130, elec-
tric coil 132, and flux tube 134 could be replaced with a
piezoelectric stack (not shown). Electrical fitting 136 could
be employed to direct an electric voltage to the piezoelectric
stack. When an electric voltage is applied to a piezoelectric
stack, the stack expands and develops a motive force for
opening injection valve 100.

As shown in FIG. 1, the actuator assembly may be located
within valve housing 102 and disposed concentrically
around valve stem 114a where it occupies a portion of the
annular space between valve stem 114 and valve housing
102. Accordingly, the actuator assembly may be exposed to
fuel that is directed through the hollow valve body on its
way from inlet port 108 to nozzle orifice 110.

Hydraulic Link Assembly

The opening force generated by the actuator assembly is
transmitted to valve needle 114 through a hydraulic link
assembly. The hydraulic link assembly comprises hydraulic
cylinder 160, which is disposed in close-fitting relationship
around hydraulic piston 114b, which is free to move in the
longitudinal direction within cylinder 160. As mentioned
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above, in the embodiment of FIG. 1, hydraulic piston 114b
is an integral part of valve needle 114 and the side wall of
cylinder 160 helps to guide the movement of valve needle
114 in the actuating direction. A viscous hydraulic fluid is
sealed inside hydraulic cylinder 160 by cylinder cap 162 and
seals 166, 168 and 169 (sce FIG. 2). Seals 166 and 168
permit valve needle 114 to move relative to cylinder cap 162
and cylinder 160, respectively. Known seals may be
employed, such as, for example elastomeric 0-ring seals,
packing, metal seals, or diaphragm/bellow seals.

The diametrical clearance gap between the outside diam-
eter of hydraulic piston 114b and the inside diameter of
hydraulic cylinder 160 is extremely small (on the order of 50
to 250 microns). The desired size of the clearance gap is
dependent on the viscosity of the chosen hydraulic fluid. The
hydraulic flow in the clearance gap is governed by the
Hagen-Poiseuille Flow and the hydraulic fluid and clearance
gap are preferably selected so that the flow of hydraulic fluid
through the gap is insignificant during the time span of fuel
injection events when an opening force is transmitted
through the hydraulic fluid. Furthermore, the hydraulic fluid
preferably has a sufficiently high viscosity and bulk modulus
so that it acts as an incompressible solid when activation of
the actuator assembly causes a valve opening force to be
quickly transmitted through the hydraulic fluid between the
bottom of cylinder 160 and hydraulic piston 114b. For
consistency of operation, the hydraulic fluid is also prefer-
ably an extremely stable fluid that maintains its desired
properties over a wide range of temperatures (that is, within
the expected operating temperatures inside cylinder 160).
Suitable hydraulic fluids are, for example, conventional
motor oil, such as grade 15W40, or synthetic lubricants such
as Dupont® “Krytox®” grease which is available in a range
of viscosities. Krytox® is a PerFluoroPolyEther (PFPE)
synthetic lubricant that may be mixed with a thickener to
form a grease. These types of hydraulic fluids also help to
lubricate seals 166 and 168. Different injection valves may
have different sized pistons and clearance gaps, so the
hydraulic fluid may be selected with consideration to the
characteristics of an individual injection valve design.

When injection valve 100 is closed and at rest, the closing
force is transmitted through the hydraulic fluid held between
cylinder cap 162 and hydraulic piston 114b. Typically,
during engine operation, injection valve 100 is closed most
of the time (normally over 90% of the time). Accordingly,
there is enough time between injection events for the
hydraulic fluid to redistribute itself by flowing through the
clearance gap so that hydraulic cylinder 160 moves relative
to piston 114b to automatically “re-zero” itself. The initial
zero-position is the position of hydraulic piston 1145 within
hydraulic cylinder 160 after assembly of injection valve 100.
The initial zero position may not be the same for all injectors
due to variation in the length of components within manu-
facturing tolerances. Also, during operation, the zero-
position auto-adjusts to change depending, for example,
upon component wear or upon the effects of thermal expan-
sion on the dimensional relationship between components.

Differential thermal expansion or contraction may be
caused by differences in thermal expansion coefficients or
uneven heat distribution between the components. Even
though the components of injection valve 100, such as
magnetostrictive member 130, valve needle 114, and valve
housing 102, are designed to be reasonably matched to the
thermal expansion rates of the other components, because
the valve needle lift and the displacement of the components
that causes the lift are so small, the effects of thermal
expansion or contraction need to be taken into account to
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ensure the desired valve needle lift is achieved. The effects
of thermal expansion and contraction may be amplified if the
injection valve is exposed to a wide range of temperatures.
For injection valves used in vehicles it would not be uncom-
mon to expect a temperature range between —40° C. (in cold
climates) and +125° C. (when the engine is running). An
uneven temperature distribution may be the result of many
factors, including, for example, the influence of (1) heat
generated at coils 132; (2) magnetic hysteresis in the actua-
tor assembly; and (3) heat transfer from the cylinder head or
the combustion chamber via valve tip 106. If unaccounted
for, the total effect of differential thermal expansion or
contraction on the displacement of valve needle 114 may be
greater than the targeted lift.

In summary, the hydraulic link assembly accounts for
variations in component dimensions arising from the per-
mitted tolerances in the manufacturing processes and the
injection valve assembly methods. Therefore, the hydraulic
link assembly reduces manufacturing costs by allowing the
injection valve components to be manufactured to less
exacting tolerances. In addition, during operation, the
hydraulic link assembly auto-adjusts itself between injection
events to account for changes in the dimensional relation-
ship between injection valve components that may be
caused, for example, by component wear or differential
thermal expansion or contraction.

Summary of Operation

When injection valve 100 is at rest in the closed position,
the closing force that biases valve needle 114 against valve
seat 112 originates from needle spring 116. From needle
spring 116, the closing force is transmitted through needle
spring guide 118 to valve needle 114. It is preferable for the
closing force to be provided by a mechanical spring member,
such as the illustrated coil spring, so that the failure mode for
injection valve 100 will be in the closed position. That is, if
the actuating assembly is not energized or fails, injection
valve 100 will remain in the closed position.

To initiate an injection event the actuator assembly is
energized by directing an electric current to electric coil 132.
A magnetic flux develops that flows through magnetostric-
tive member 130, poles 138, 140, and 142, and flux tube 134.
Under the influence of the magnetic field, magnetostrictive
member 130 expands in length (in the direction of the
magnetic field). Since pole 138 is in a fixed position,
magnetostrictive member 130 expands in the direction of
hydraulic cylinder 160. An opening force, originating from
expanding magnetostrictive member 130 is transmitted
through inner pole 140, the base of cylinder 160, hydraulic
fluid 164b (see FIG. 2), which is held between the base of
cylinder 160 and a planar surface of hydraulic piston 114b,
and finally, through piston 114bH, which in the illustrated
embodiment is integral with valve needle 114. The opening
force is greater than the closing force, which results in
compression of needle spring 116. The displacement of
hydraulic cylinder 160 also causes further compression of
disc spring 150.

As previously discussed, because valve actuation occurs
suddenly (on the order of 200 us), hydraulic fluid 1645 does
not have time to flow through the narrow clearance gap
between piston 114b and hydraulic cylinder 160. Instead,
hydraulic fluid 164b acts as a solid and transfers the move-
ment of magnetostrictive member 130 to valve needle 114
via piston 114b, causing valve needle 114 to lift away from
valve seat 112. Because injection valve 100 stays open for
such a brief period (typically less than 3 milliseconds), as
long as the viscosity of hydraulic fluid 164 is properly
selected and the clearance gap is suitably sized, the flow of
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hydraulic fluid 164 through the clearance gap while injection
valve 100 is open is insignificant so that any displacement
caused by such flow is much less than the total displacement
of valve needle 114.

The movement of valve needle 114 is guided near valve
tip 106 by guide 180 (see FIG. 3). FIG. 3 shows annular
space 182 disposed around valve stem 114a. Between injec-
tion events, fuel remains in annular space 182. When injec-
tion valve 100 is open, fuel flows through annular space 182,
other gaps between valve components, and openings pro-
vided in certain valve components, which all cooperate to
permit the free flow of fuel from inlet port 108 through to
nozzle orifice 110 (which may be one of a plurality of nozzle
orifices radially oriented from the nozzle throat). For
example, FIGS. 1 through 3 show openings that provide
fluid passages through components such as needle spring
housing 122, lock nut 144, and pole 138. FIG. 3 also shows
seal 184 between valve housing 102 and valve tip 106, and
cylinder head face seal 186, which seals between injection
valve 100 and the engine cylinder head (not shown).

As fuel flows through valve housing 102, the fuel cools
the actuator assembly. The fuel flow path is preferably
arranged to provide the greatest cooling to the internal
diameter surface of electric coil 132 and the outer diameter
surface of magnetostrictive member 130. In addition, a small
percentage of the fuel flow, perhaps up to about 20%, may
be directed to flow between the internal diameter of mag-
netostrictive member 130 and the surface of cylindrical
valve stem 114a. When the fuel is used to cool the actuator
assembly in this manner, thermal modeling predicts a tem-
perature rise of less than 10° C.

To close injection valve 100, at the end of the injection
event, electric coil 132 is de-energized, causing magneto-
strictive member 130 to contract. When valve needle 114 is
moving from the open position to the closed position, the
closing force originates from needle spring 116 and disc
spring 150. The closing force from needle spring 116 is
again transmitted to valve needle 114 through needle spring
guide 118. In the open position, the expanded magnetostric-
tive member 130 compressed disc spring 150, so upon
closing, disc spring 150 de-compresses to push cylinder 160
down and to compress to magnetostrictive member 130.
Disc spring 150 may also provide an additional closing force
to valve needle 114 by generating a closing force that is
transmitted from disc spring 150 through cylinder cap 162,
hydraulic fluid 164a and hydraulic piston 114b.

When valve needle 114 moves from the open position to
the closed position, the time that elapses is again typically
less than 250 microseconds, and preferably less than about
200 microseconds so hydraulic fluid 164 again does not have
time to flow through the clearance gap between piston 114b
and cylinder 160. Consequently, pressure builds up in
hydraulic fluid 1644 on the upper planar surface of piston
114b.

Once valve needle 114 contacts valve seat 112, injection
valve 100 is closed. When injection valve 100 is closed, the
hydraulic link assembly automatically self-adjustments so
that the position of hydraulic cylinder 160 relative to
hydraulic piston 114b is corrected to account for the effects
of temperature, wear, and any small movements of valve
needle 114 relative to hydraulic cylinder 160 that may have
occurred while valve needle 114 was in the open position.
Auto-adjustments are accomplished by the migration of
hydraulic fluid 164 from one side of hydraulic piston 114b
to the other, while disc spring 150 ensures that hydraulic
cylinder 160 and valve needle 114 remain in direct contact
at all times.
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Control Strategy

Waveforms for controlling a directly actuated injection
valve and corresponding actuator displacements are plotted
in the graphs shown in FIGS. 4 and 5. The illustrated
waveforms show that the control pulse may employ several
features to control the movement of a magnetostrictive or
piezoelectric member respectively.

In FIG. 4, waveform A represents the electric current that
is directed to an electric coil that is used to activate an
actuator comprising a magnetostrictive member. The
strength of the magnetic field is directly proportional to the
amount of electric current that is directed to the electric coil.
To promote fast opening, the current is preferably first
spiked to current I, since higher currents yield stronger
magnetic fields that can be employed to accelerate the
expansion of the magnetostrictive member. The electric
current is lowered to current I, during the main injection
event.

Initial electric current I, corresponds to a current that may
be as much as an order of magnitude higher than electric
current I,, which is the current that is actually required to
fully open the injection valve. It is also possible to partially
open the injection valve, for example, by reducing the
current after the initial current spike to a value less than
current I,. As shown by dashed waveform B, which tem-
porarily reverses the current to negative current I, the
control pulse may be optionally shaped to lower the average
current to a level that allows quick attainment of partial lift
for better flow control than that which can be obtained
purely through pulsewidth modulation. That is, better flow
control can be achieved by controlling both the displacement
of the valve needle (lift) and the duration of the injection
event.

Valve closure may be optionally accelerated by initially
reversing the current to negative current I,. To reduce the
impact and consequent wear of the valve needle when it
makes contact with the valve seat, as shown by waveform A,
the current may be momentarily increased to positive current
I5 to slow down the valve closing action. In an alternative
method for controlling the impact of the valve needle on the
valve seat, the current can be more gradually reduced
without reversing the direction of current, as shown by
dotted-line C. Finally, the injection event is completed when
injection valve is closed and current is returned to zero.

Line graphs D and E show the displacement of the valve
needle through respective fully open and partially open
injection events. Graph D corresponds to the injection event
controlled by waveform A. Graph D shows the valve needle
quickly moving to the fully open position at the beginning
of the injection event. In the illustrated example, the injec-
tion valve remains in the fully open position for the majority
of the injection event, as represented by the essentially flat
portion of graph D. However, depending upon the viscosity
of the hydraulic fluid and the size of the clearance gap
between the hydraulic piston and the hydraulic cylinder, the
flat portion of graph D may have a slight slope caused by the
flow of hydraulic fluid through the clearance gap during the
injection event.

When the injection valve is closed, the closing action is
very quick, as shown by the steep downward slope of line D
near the end of the injection event. However, in response to
the momentary positive current near the end of waveform A,
the slope of graph D flattens out just as the valve is returning
to the fully closed position, demonstrating how the shape of
waveform A can be used to reduce wear caused by the
impact of the valve needle on the valve seat. Graph E
corresponds to a waveform (not shown) which, after the
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initial current spike reduces the current to a value less than
current I, so that the injection valve is only partially opened.
Graph E also shows that the duration of the injection event
may be varied by changing the length or duration of the
waveform. Compared to the injection event represented by
graph D, the valve lift is smaller for the injection event
represented graph E, so the initial current spike may be
lower than the initial current spike of waveform A. The
closing action represented by the more gradual slope of
graph E (compared to the steeper slope of graph D), corre-
sponds to a waveform having a shape similar to alternate
waveform C.

Persons skilled in the art will recognize that the time
required to open or close the injection valve may be
decreased by increasing the slope of the control waveform,
or increased, by decreasing the slope of the waveform. Thus
the shape of the control waveform may be manipulated to
produce the desired effects on the speed of the valve needle
movement and its displacement with respect to the valve
seat (to control lift).

In FIG. §, waveform G represents a voltage control pulse
that may be used to activate a piezoelectric actuator. As will
become apparent, the preferred control strategy for piezo-
electric actuators employs the same principles as the pre-
ferred control strategy described above for magnetostrictive
actuators. To promote fast opening, the voltage is preferably
first spiked to voltage V, since higher voltages can be
employed to accelerate the expansion of piezoelectric mate-
rials. The voltage is lowered to voltage V, during the main
injection event. Voltage V, corresponds to a voltage that
may be as much as an order of magnitude higher than
voltage V., which is the voltage that is actually required to
fully open the injection valve. It is also possible to partially
open the injection valve, for example, by reducing the
voltage after the initial voltage spike to a value less than
voltage V,. As shown by dashed waveform H, which tem-
porarily reduces the voltage to negative voltage V;, the
control pulse may be optionally shaped to lower the average
voltage to a level that allows quick attainment of partial lift
for better flow control than that which can be obtained
purely through pulsewidth modulation. That is, better flow
control can be achieved by controlling both the displacement
of the valve needle (lift) and the duration of the injection
event.

Valve closure may be optionally accelerated by initially
reducing the voltage to negative voltage V,. To reduce the
impact and consequent wear of the valve needle when it
makes contact with the valve seat, as shown by waveform G,
the voltage may be momentarily increased to positive volt-
age Vs to slow down the valve closing action. Similar to the
shape of current waveform C, the shape of voltage wave-
form I represents an alternative method for reducing the
impact of the valve needle on the valve seat upon closing.
Finally, the injection event is completed when injection
valve is closed and voltage is returned to zero.

Line graphs J and K show the displacement of the valve
needle through respective injection events. Graph J corre-
sponds to the injection event controlled by waveform G.
Graph J shows the valve needle quickly moving to the fully
open position at the beginning of the injection event. In the
illustrated example, the injection valve remains in the fully
open position for the majority of the injection event, as
represented by the essentially flat portion of graph J.
However, depending upon the viscosity of the hydraulic
fluid and the size of the clearance gap between the hydraulic
piston and the hydraulic cylinder, the flat portion of graph J
may have a slight slope caused by the flow of hydraulic fluid
through the clearance gap during the injection event.
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When the injection valve is closed, the closing action is
very quick, as shown by the steep downward slope of line J
near the end of the injection event. However, in response to
the momentary positive voltage near the end of waveform G,
the slope of line J flattens out just as the valve is returning
to the fully closed position, demonstrating how the shape of
waveform G can be used to reduce wear caused by the
impact of the valve needle on the valve seat. Graph K is
similar to graph J except that it corresponds to a waveform
(not shown) which, after the initial voltage spike reduces the
voltage to a value less than voltage V,, so that the injection
valve is only partially opened.

The time span for the waveforms of FIGS. 4 and 5 may
be in the range of 100 to 5000 microseconds, and typically
between 250 and 2000 microseconds for the majority of
injection events.

The combination of the above described directly actuated
injection valve and control strategy provides several
benefits, including:

elimination of the hydraulic fluid supply system that is
needed by conventional hydraulically actuated injec-
tion valves. This simplifies injection valve
construction, for example, by eliminating the need for
hydraulic fluid supply and return passages and three
way valves that are employed by conventional hydrau-
lically actuated injection valves.

automatic compensation for differential thermal expan-
sion within the injection valve, for wear due to pro-
longed operation, and for small differences caused by
limitations in manufacturing tolerances.

a compact concentric valve needle/actuator assembly
arrangement for accommodating an elongated magne-
tostrictive or piezoelectric member.

an apparatus that permits the use of a control strategy that
can throttle fuel flow and reduce valve seat wear. The
ability to control the lift displacement permits reduced
injection at lower loads and reduced pre-mixed burn-
ing. For example, using a magnetostrictive or piezo-
electric actuator, the valve needle movement can be
controlled between about 10% and 100%. For lower
load conditions it is important to be able to reduce the
flow of fuel into the combustion chamber, since excess
fuel may not be combusted, resulting in lower operat-
ing efficiency and higher emissions.

improved manufacturability is made possible by the use
of axisymmetric cylindrical parts and few tight toler-
ances between the injection valve components.

valve operation is improved since the actuating assembly
permits greater control of the valve needle. For
example, the injection valve may be used to inject a
gaseous or liquid fuel. When the fuel is gaseous, there
is a greater need to slow down the valve needle upon
closing because there is no liquid fuel to dampen the
impact of the valve needle on the valve seat. By
shaping the control pulse waveform applied to the
actuator it is possible to slow down the closing of the
injection valve to reduce impact on the valve needle
and the valve seat.

While particular elements, embodiments and applications
of the present invention have been shown and described, it
will be understood, of course, that the invention is not
limited thereto since modifications may be made by those
skilled in the art without departing from the spirit and scope
of the present disclosure, particularly in light of the forego-
ing teachings.
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What is claimed is:

1. An injection valve for injecting fuel into a combustion
chamber of an internal combustion engine, said injection
valve comprising:

(a) a valve housing comprising:

a fuel inlet port;

an interior chamber fluidly connected to said fuel inlet
port;

a nozzle comprising a nozzle orifice providing a fluid
passage from said interior chamber to said combus-
tion chamber;

(b) a valve needle disposed within said valve housing
wherein said valve needle is movable between a closed
position at which a sealing end of said valve needle
contacts a valve seat to fluidly seal said interior cham-
ber from said nozzle orifice, and an open position at
which said sealing end of said valve needle is spaced
apart from said valve seat whereby said interior cham-
ber is fluidly connected with said nozzle orifice,
wherein valve needle lift equals the distance traveled
by said sealing end away from said valve seat;

(c) a needle sp ring associated with said valve needle,
wherein said needle spring applies a closing force to
said valve needle for biasing said valve needle in said
closed position;

(d) a n actuator assembly associated with said valve
needle, wherein said actuator assembly may be acti-
vated to apply an opening force to said valve needle
stronger than said closing force, for moving said valve
needle to said open position; and

(e) a hydraulic link assembly comprising a passive
hydraulic link having a hydraulic fluid thickness
through which said opening and closing forces are
transmitted, whereby said hydraulic fluid acts substan-
tially as a solid with said thickness being substantially
constant while said actuator assembly is activated and
wherein said thickness of said hydraulic link is adjust-
able while said actuator is not activated in response to
changes in the dimensional relationship between com-
ponents of said injection valve to maintain a desired
valve needle lift upon activation of said actuator assem-
bly.

2. The injection valve of claim 1 wherein said thickness
of said hydraulic link is auto-adjustable while said actuator
assembly is not activated in response to changes in said
dimensional relationship caused by differential thermal
expansion.

3. The injection valve of claim 2 wherein said thickness
of said hydraulic link is auto-adjustable while said actuator
assembly is not activated in response to changes in said
dimensional relationship caused by wear to components of
said injection valve.

4. The injection valve of claim 1 wherein said hydraulic
link assembly comprises a fluidly sealed hydraulic cylinder
that is fluidly sealed from said interior chamber, said hydrau-
lic link assembly comprising a piston and said hydraulic
fluid is disposed within said hydraulic cylinder.

5. The injection valve of claim 4 wherein said piston is an
integral part of said valve needle.

6. The injection valve of claim 1 wherein said actuator
assembly comprises a magnetostrictive member or a piezo-
electric stack.

7. The injection valve of claim 1 wherein said actuator
assembly comprises a magnetostrictive member, an electric
coil disposed around said magnetostrictive member and a
flux tube disposed around said electric coil.
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8. The injection valve of claim 7 wherein said actuator
assembly is disposed within said interior chamber.

9. The injection valve of claim 8 wherein said actuator
assembly is tubular and disposed within an annular space
around a cylindrical portion of said valve needle.

10. The injection valve of claim 9 wherein one end of said
tubular actuator assembly is supported by a pole that is
attached to said valve housing.

11. The injection valve of claim 6 wherein when said
actuator assembly is controllable to control said desired lift
to between 10 and 100 percent of maximum lift.

12. The injection valve of claim 11 wherein said lift is
controllable by controlling the electric current directed or
voltage applied to said respective magnetostrictive or piezo-
electric actuator assembly.

13. The injection valve of claim 7 wherein said magne-
tostrictive member comprises a metal alloy comprising the
elements terbium, dysprosium, and iron.

14. The injection valve of claim 6 wherein said valve
needle is controllable to move between said open and closed
positions in less than about 200 microseconds.

15. The injection valve of claim 6 further comprising a
compression spring member for applying a compressive
force to said magnetostrictive or piezoelectric member.

16. The injection valve of claim 15 wherein said com-
pression spring member comprises at least one disc spring.

17. The injection valve of claim 1 wherein said fuel is a
gaseous fuel.

18. The injection valve of claim 1 wherein said fuel is
injected into said combustion chamber at a pressure greater
than about 2000 psi (about 13.8 MPa).

19. The injection valve of claim 1 wherein said valve
housing comprises a plurality of parts which are joined with
each other to provide a fluidly sealed body.

20. The injection valve of claim 1 wherein said valve
housing, said valve needle, and said actuator assembly, are
selected from materials with similar thermal expansion
coefficients to reduce changes in the dimensional relation-
ship between said components caused by changes in tem-
perature.

21. The injection valve of claim 17 wherein said hydraulic
fluid is a liquid.

22. The injection valve of claim 17 wherein said hydraulic
fluid is a liquid selected from the group consisting of motor
oil and grease.

23. An injection valve for injecting fuel into a combustion
chamber of an internal combustion engine, said injection
valve comprising:

(a) a valve housing comprising:

a fuel inlet port;

an interior chamber fluidly connected to said fuel inlet
port;

a nozzle comprising a valve seat and a nozzle orifice
providing a fluid passage from said interior chamber
to said combustion chamber;

(b) a valve needle comprising a cylindrical portion having

a sealing end and a piston portion having a pre-load
end, said valve needle disposed within said valve
housing wherein said valve needle is movable between
a closed position at which said sealing end contacts said
valve seat to fluidly seal said interior chamber from
said nozzle orifice, and an open position at which said
sealing end is spaced apart from said valve seat
whereby said interior chamber is fluidly connected with
said nozzle orifice, wherein valve needle lift equals
distance traveled by said sealing end away from said
valve seat;
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(c) a needle spring associated with said pre-load end of
said valve needle, wherein said needle spring is com-
pressed to apply a closing force to said valve needle for
biasing said valve needle in said closed position;

(d) an actuator assembly that may be activated to apply an
opening force to said valve needle that is stronger than
said closing force, for moving said valve needle to said
open position, said actuator assembly comprising:

a tubular magnetostrictive member disposed around
said cylindrical portion of said valve needle;

an electrical coil disposed around said magnetostrictive
member;

a flux tube disposed around said electrical coil; and

a support for said actuator assembly that acts as a pole
and provides a fixed position for one end of said
magnetostrictive member relative to said valve hous-
ing; and

(e) a hydraulic link assembly comprising a sealed hydrau-
lic cylinder disposed about said piston portion of said
valve needle, a hydraulic fluid disposed within said
hydraulic cylinder, wherein said opening and closing
forces applied to said valve needle are transmitted
through a thickness of said hydraulic fluid whereby said
hydraulic fluid acts as a hydraulic link and said thick-
ness is automatically adjustable in response to changes
in the dimensional relationship between components of
said injection valve to maintain a desired valve needle
lift when said actuator assembly is activated.

24. The injection valve of claim 23 further comprising a
compression spring member for applying a compressive
force to said magnetostrictive member.

25. The injection valve of claim 23 wherein said magne-
tostrictive member comprises a metal alloy comprising the
elements terbium, dysprosium, and iron.

26. A method of using a shaped waveform to control an
injection valve that employs a magnetostrictive or piezo-
electric actuator assembly, said method comprising, in
sequence:
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(a) initiating an injection event by applying a control
pulse and accelerating valve opening by raising the
value of said control pulse to a spike value that is
greater than the value required for the desired lift;

(b) reducing said control pulse from said spike value to a
value that is needed to provide said desired lift;

(¢) reducing said control pulse to a negative value to
accelerate valve closing;

(d) increasing said control pulse to a positive value to
slow down valve closing to reduce the impact force of
a valve needle on a valve seat; and

(e) reducing said control pulse to zero to close said valve.

27. The method of claim 26 further comprising, after
increasing said control pulse to said spike value, momen-
tarily reducing said control pulse to a value that is lower than
the value that is needed for the desired lift.

28. The method of claim 26 wherein said spike value is up
to about an order of magnitude higher than the value needed
for the desired lift.

29. The method of claim 26 wherein said control pulse is
a modulated current directed to an electric coil of an actuator
assembly that comprises a magnetostrictive member.

30. The method of claim 26 wherein said control pulse is
a modulated voltage applied to a piezoelectric stack of an
actuator assembly.

31. The method claim 26 wherein the time needed to
move said valve needle between a closed position and a
desired open position may be as short as about 172 micro-
seconds.

32. The method claim 26 wherein the time needed to
move said valve needle between a closed position and a
desired open position may be as short as about 250 micro-
seconds.

Mercedes EX1005, Page 24 of 175
Mercedes v. Westport
IPR2023-00352



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 6,298,829 Bl Page 1 of 1
DATED : October 9, 2001
INVENTOR(S) : Alan B. Welch, Irawan Rahardja and Mike Hebbes

It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Title page,
Item [56], Reference Cited, FOREIGN PATENT DOCUMENTS, please delete

reference “2 321 278 9/1998 (EP)” and insert -- 2 321 501 7/1998 (GB) --. Also
please add the following reference -- 0 869 278 10/1998 (EP) --.

Signed and Sealed this

Sixth Day of August, 2002

Attest:

JAMES E. ROGAN
Attesting Officer Director of the United States Patent and Trademark Office

Mercedes EX1005, Page 25 of 175
Mercedes v. Westport
IPR2023-00352



" SERIAL NUMBER .

APPLICANTS

# FOREIGN APPLICATIONS W |

llIIllIllIIIIIllIIIIIIIIIHIIIHIIIIIIIIIIIIIIIlllIlIIIIIIIHlIllIIIII

Bib Data Sheet .

‘ .
- tile:r“c::APPS/preexam:correspondence/ 1 itm

UNlTED STATES DEPARTMENT OF COMMERCE
Patent and Tl ademark Office

Address COMM]beONER OF PATENTS AND TRADEMAR}\b
Washington. D C ’0”3]

If.‘

" FILING DATE
03/09/2000

09/522,130
' RULE

123 3747,

ATTORNEY
DOCKET NO

12541US02

GROUP ART UNIT

Alan B Welch, Vancouver, CANADA;
Irawan B Rahardja, Vancouver, CANADA;
Mlke Hebbes Vancouver, CANADA;

. r‘gi'( CONT'NUING DATA uan%uauun

IF REQUIRED, FOREIGN FILING LICENSE GRANTED
*.05/17/2000 \, -

PP \ ,
- THIS APPLN CLAIMS BENEFIT OF 60/159, 791 10/1 5/1 999

; Foreign Priority claimed

. ‘met ) M
 {Verified and Ilf i

.. Acknowledged

. E‘ yes @ no
J yes u] no D Met after,

35 USC 119 (a -d) conditions

Exbminer's Signature- - initials

| _CANADA 5. |30

“TOTAL
CLAIMS

STATE OR
COUNTRY |

SHEETS .
DRAWING - CLAIMS

3

INDEPENDENT!

‘ :ADDF\:ESS

McAndlrews Held & Mailoy LTd.
4500 West Madison Street 34th Floor
iChicago ,IL 60661

. {TITLE

" {Directly actuated injection valve

|/ FILING FEE

RECEIVED iNo. .

1000  iNo. for following:

FEES: Authority has been gl\}en in Paper - ,
to charge/credit DEPOSIT ACCOUNT

U All Fees

i Q 1.17 Fees ( Processmg Ext of
“jtime ).

Q116 Feéé(Filihg )

Q 1.18 Fees ('Iséue )‘

| Other =

HH credit

1of1

6/26/00 3:1'l PM

Mercedes EX1005,.Page 26 of 175
Mercedes v. Westport
IPR2023-00352



- PATENT APELICATION "SERIAL NO._ & 9// f 2A 50

H
/s

U.S. DEPARTMENT OF COMMERCE

1 'PATENT AND TRADEMARK OFFICE

. I X - ' )
' 03/17/2000 BALEXAND 00000032 09522130
. . v

01 FC:101
02 FC:103-

PTO-1556
(5/87)

*U.S. GPO: 1999:455-082/19144

' FEE RECORD SHEET.

ot

i

690.09 0p
180.00 o0

Mercedes EX1005, Page 27 of 175 - ‘
Mercedes v. Westport
IPR2023-00352



'

03709 /00.

PATENT APPLICATION ' '
IN THE UNITED STATES PATENT AND TRADEMARK 0FF|CE f' %
Attorney Docket No. 12541U802 =
PATENT APPLICATION TRANSMITTAL | =

Box Patent Application 3
Assistant Commissioner for Patents

. Washington, D.C. 20231
Sir:

‘ Transmltted herewith for ﬁlmg is the patent appllcatnon of

Inventor(s): Alan B Welch, Irawan B Rahardja and Mike Hebbes

' Title:l . | DIRECTLY, A’CTUATED INJECTION VALVE
: 1 ?“ Type of Adplication
L ,I This n-ew apprication is-for a: . This 'applir.:atidn is a: :
L ® utility: patent. o . D continuation. .
o design patent. o divisional - R

o cqntimjation-in—part"(Cl,P).
2. ,. Application Papers Encloséd
Title V.Page ,
Pages of Spemfrcatron {excluding Claims, Abstract & Drawmgs)

Page(s) of Claims

Page(s) of Abstract

,lmlmlmlal-

Sheet(s) of Drawings (Figs. 1 -5 )
B’ Formal

o lnformal

CERTIF|CATION UNDER 37 CFR 1 10

N hereby certify that this Patent Applrcatlon Transm|ttal and the documents referred to as enclosed
. therewith are being deposited ‘with the United States Postal Service on March 9, 2000 in an envelope
* addressed to the Assistant Commissioner for Patents, Washmgton D.C. 20231 utlhzrng the "Express .

.Mail Post Office to. Addressee" service of the United States Postal Sengce under Malhng Label No.
EL542317239US. T

_Robert W. Fieseler

‘Mercedes EX1005, Page 28 of 175
Mercedes v. Westport .
IPR2023-00352



3. Declaration or Oath

-0  Enclosed

Executed by (check all applicable boxes)
O Inventor(s) (copy from prior application) -
O Legal representative of in)rentor(s)‘

(37 CFR 1.42 0or 1.43) |

a Jornt mventor or. person showing a proprletary interest on behalf of
inventor who refused to sign or cannot be reached

0 The petition required by 37 CFR 1.47 and the statement requured
by 37 CFR 1.47 are enclosed. See Item 5D below for. fee

® " Not enclosed - thé undersrgned attorney or agent is authonzed to file this

- application on behalf of the appllcant(s) An executed declaration will follow

4. . Additional Papers Enclosed

o Preliminary Amendment
a Information Disclosure Statement, including c:opies of cited references _'
O Declaratlon of Biological Deposit h
-0 Computer readable copy of. sequence hstrng contamlng nucleotrde and/or amino |

O 0o o o

-acid séquence

Verified statement(s) claiming small entity status under 37 CFR 1.9-and 1.27
Associate Power of Attorney ' ‘ 7

Verified translatlon of a non Enghsh patent applrcatton 3 e

An assxgnment of the lnvent|on {copy of recqrded e‘ssignrnent(s)’ frorrlu 'prior.
appllcatron) . o ' o '

Certlfled copylies) of apphcatlon(s)

country | APPLICATION NO. . . . |, ~ .FILED

from which priority under 35 USC 119 is claimed O is(are) attached.

Mercedes EX1005, Page 29 of 175
: Mercedes v. Westport
IPR2023-00352



B will follow.
O Other ° ' ) ’
5. Filing Fee Calculation (37 CFR 1.16)

A. ® Utility Application

CLAIMS AS FILED - iNCLUDING PRELIMINARY AMENDMENT (IE ANY)
S ' "SMALL ENTITY . OTHER 'i'HAN A SMALL
EEse) C ENTITY
ﬁnuw,t N , i . :
RATE' FEE .|| FEE -
BASIC FEE g E?% $ 345.00, | ‘ A $690.00
TOTAL x 9= | . s | xws=- $ 180.00
INDEP. ©3-3 =0 x39= |. 8 X78= | $ 000
OFirst Presentation of Multiple Dependent Claim a0 s +260= | .$% 000
Filing Fee: . 8 OR | $870.00
B. O Design Application ($156.00/$310.00) Filing Fee:  $
C. O Plant Applicétioh (.$24Q.‘00/$480.(.)0§ . Filinngée: ) $
D. Other Fees
O "Recording Assignment [Fee -- $40.00 per assignment] R
O Petition fee for filing by other than all the inventors .
_or person on. behalf. of the inventor where inventor refused ' -
to sign or cannot 'be reached [Fee-- $130.00] . $
O Other : S ' ' s
Total Fees - § ____ 870.00
6. Method of Payment of Fees
®  Enclosed check in the amount of: A s '870.00
r‘
-3-

- Mercedes £X1005, Page 30 of 175
o o B ' ' Mercedes v. Westport
IPR2023-00352



O Charge Deposit Account No. 13- 0017 in the amount of: $
A copy of th|s Transmittal is enclosed. '

o S ' O Not enclosed

&
L,J

Fo

j

R

[

&

§
?

Mercedes EX1005, Page 31' of 175
’ Mercedes v. Westport
IPR2023-00352



7. Deposit Account and Refund Authorization'
The Com'mlssbnef is hereby authorized to charge any deficiency in'the amount enclosed or
any additional fees which may be required: dunng the pendency of this application under
‘37 CFR 1.16 or 37 CFR 1.17 or under other applicable rules {except payment of issue fees),
to Deposit Account No. 13-0017. A copy of this Transmittal is enclosed.

Please refund any gverpayment to Deposit Account No. 13-0017.

Ple:ase direct all future communications to Robert W. Fieseler at the address below.

McAndrews, 'Held & Malloy, Ltd.
500 West Madison Street,~34th Floor .
Chicago, lllinois 60661

Please direct all telephone calls to Robert W, Fleseler at (312) 707-8889. Please direct alt
facsimile transmissions to Robert W. Fieseler at (312) 707 9155, Please direct all e- -mail transmlssmns 4
to rfleseler@mhmlaw com. . ‘ "

) L ' ) 'Respectfully subn'ﬁittedL

LN

i

[vr
ﬁ'.

Robert W. Fieseler
Registration No. 31,826

i

lg el

=

Date: March 9, 2000

£
e

oy
"4

=g

e

Mercedes EX1005, Page 32 of 175
Mercedes v. Westport
IPR2023-00352



Attorney Docket No. 12541US02.
DIRECTLY ACTUATED INJECTION VALVE

Cross Reference To Related Appllcatlon(s)

The present appllcatlon relates .to ‘and, clalms'
priority beneflts from: u.s. Prov131onal Patent
Application Serlal No. 60/159,791 flled October

5 15, 1999, entltled "Directly Actuated Injector"‘
Which is 1ncorporated by reference ;n its

entirety.

Technical Field

10 The present invention relatés generally to
' high pressure fuel injection valves or 1njectors
for internal combustlon englnes, and .moxe .
vspec1f1cally, to an injection valve thatvls
directly controllabledby,a position activating'
. 15 material.(such as, for example, a piezoelectricvor

magnetostrictive‘material) and: which includes a’

passive hydraulic link.

20 Background ‘ . .
 Direct- 1nject10n of a gaseous fuel into the -

combustlon chamber of an 1nternal combustlon b
engine. is degirable for severalvreasons., For3

‘ 'example,‘directfinjection'alléWs'charge

25 stratification,'eliminating throttling. losses
associated with homogeneous charge englnes
Addltlonally, with direct injection late in the:
compres51on stroke, a high- compress1on ratlo can
be’malntalned, malntalnlng eff1c1ency. Further,, -

30 when the fuel that is directly injected coﬁprises

»
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natural gas, propane, or hydrogen, the emissions
of NO, and particulate matter (PM) are
s1gn1f1cantly reduced. The dlrectly 1njected
gaseous fuel can be. 1gn1ted with a glow plug, w1th
5 a spark plug or with pllOt diesel fuel. ‘The -, A
gaseous fuel needs to be 1njected at hlgh pressure
to overcome the combustlon chamber pressure, Wthh
is high:at the end of the compress1on stroke.
Preferably,: the 1njectlon pressure is hlgh enough
10 to promote good mixing between the 1njected,fuel
and the combustion chamber air. | o e
" Direct 1njectlon at high pressures presents
‘several challenges. The use of high pressure
fuels for direct injection results in high fiiel
.15 pressures existing within the injection valve or
injector. As a result, the injection valve must
typically be strongly'seated to avoid leakage of
. the fuel 1nto the combustlon chamber between
1njectlon events The valve is "seated" when'the
20 valve is closed, for example, 'in a needle valve,
‘ when the sealing surfaces of the valve needle and

the valve seat are in flUld tlght contact with-

each other. Moreover, compared to 1ow -pressure
.systems, hlgher forces are needed to open the
25'A injectlon valve.‘ For example, for a needle valve»
| that employs an 1nwardly openlng valve needle,
when the needle'ls in the open p081t10n it may ‘be!
'subjected to hlgh forces. from ‘the pressurlzed '
fuel. Addltlonally, there is. only a small w1ndow.f
30 -of time during which the fuel can be. 1njected

For example, at 4500 revolutlons per mlnute (RPM),
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at fulllload all of the fuel is preferably
injected in less than 2-3 mllllseconds
Nearly all prior direct fuel 1njection
systems in' internal combustion engines Have beeéen
5 hydraulically—actuated. These systems rely on a

hydraulic fluid'to provide the force. that is | .
needed to open an injection valve (or valves, when'
the englne comprises a plurallty of combustlon' '
‘chambers) ' Accordlngly, at typlcal englne

10 -operating speeds, hydraulically actuated 1njectors
rely on rapid changes 4in .the hydraullc flUld 4

pressure to open and close the 1nject10n valve( ).

3 o An 1njectlon valve is typlcally opened by

E? ‘ 1ncrea51ng the hydraullc fluid pressure and closed
%g : 15 by reducing the hydraullc fluid pressure, such
B , _ that the openlng force applled to. the 1n3ectlon

valve is reduced causing the valve to close
However, in the context of aﬂconventlonal gaseous
injector,'hydraulic=operation‘presents seveéral .
20 drawbacks, including: ' ' ﬁ ‘
e  the need for additional hydraulic
'hardware such as a. hydraulic pump>
valves, and a reservoir for the

. hydraullc fluid;
25 . the need for a seal to be'eStablished

between the variable pressure hydraullc

fluid and the high pressure gaseous

fuel
o« Alncreased bulklness of the 1njectlon
30 o ‘ valve assembly because of the addltlonal

hardware requlrements, and
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e delayed response of the system due to
time ‘delay of-the hydraulic fluid .
between the electrical valve hadeare
. and the needle that controls gas flow
5 : from the injector.

Moreover, the degree of. controllablllty of'
the movement of the injection valve is Low when
‘the motive force is previded'by a presSurized<-’*
fluid rather than by a directly controilable

10 source. In this‘respect, it is difficult to do-
lift control, with some limited capabilitieshwhen‘~

using double'spring configuration.” Therefore, it:

is des1rable to avoid the use of hydraullcs to

8}

operate gas injectors, partlcularly for hlgh speed

s 1

=y

15 engines. "Lift" in the context of needle valves

ing
Ko

is defined herein as the displacement of the valve '

s

m ﬁ“‘li &
i

needle away from its closed/seated position to its
open position. - , .

In response to at least some of the drawbacks

26 with hydraullc actlvatlon, solen01d actuators have,

' been considered as an alternatlve for 1njectlon

valve actuation because of the 31mp11c1ty and
rellablllty of solen01ds.' For example, U.S.
‘Patent - No 5,035,360 (the 1360 patent) discloses’a
.25 dlrectly actuated gas conly injectoxr employlng a 4
solen01d actuator However, the application
dlsclosed for the solen01d actuator is an
injection valve for a two-stroke éngine w1th an
‘operatlng speed of. 2100 RPM The 1360 patent
30' dlscloses 1ntroduc1ng fuel into the plston
.cyllnder between the times durlng the engine cycle

when the plston is at approx1mately bottom - dead
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center and 60 degrees after bottom dead center.

The '360 patent further discl@ses,ihjecting fuel
at a pressure of about 300 pounds per square inch
(psi) ‘(about 2.1 MPa). Accordingly, the fuel is

‘not introduced at pressures as high as the

pressuré'when,;he piston is at or near top dead
center, for example, at pressﬁrés of 3,000 psi (21
MPaﬁ énd.higher. For a constant needle diameter,
higher fuel pressures require higher agtuating: -
forces and to incféasé'the actuating force of a

‘solenoid it must be ‘made larger. The. '360 patent

also‘d;scloses that "large solenoids of
conventionalltype are inherently slower than smaIl
ones". Thus solenoidractuators are not suitable
for applications that require a.cOmbination of

‘ fast.response times and high actuéting forces,

such as, for example, injectors used for ‘high- -
pressure ‘fuels. Solenoids also do. not effectively
deliver small amounts of fuel,.such;as,the amount |
needed at low loads, and particularly at.highé f

speed."For higher speedﬂengihés-(forféxample,,

engines running at 3000 RPM and higher), the

minimum operiing time of the needle tends to be too
long for delivering only.a small amount Ofifuel.
The shortest known opening time for soleqoid‘
actuated injection valves is about 700 B
microseconds. Additionally, while éolenbid
actuators are capable of substantialllift,_of the
order. of 20-thousandths of an inch (500 micron) or
more; they do not permit control of the lift.
Conyenﬁional solenoid tééhnology is onlynkn0wnwto"
be able. to offer duration;control,(how lqnéiﬂhe
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" injection valves. For example, U.S. Patent . No.

valve is open for) and not position control . (how
much the valve is lifted). '

It is also known to use-piezoelectric or .
magnetostrictive. actuation (devices'Which can’
change thelr dlmens1ons under the .effect of an ,
electric or magnetlc fleld) for dlrectly actuated
5,031,841 (the 1841 patent) descrlbes a meterlng
valve using an actuatlng member, whlch accordlng
to the patent 'could be a plezoelectrlc stack or a'

fmagnetostrlctlve_actuator. One ﬁeatureAdlsclosed

by the '841 patent is the addition of;a diaphragm
which has the dual purpose of acting as a spring = /-
blasing the valve in its closed position and'of“
prov1d1ng a seal between the metered fluid and the
actuator. The '841 patent dlscloses an adjustlng

- screw for mechanlcally setting the. p081tlon of the

actuator within the hou81ng Accordlng to the

© 1841 patent, the valve needle is rlgldly connected:‘f

to the actuator by a pressure pin.
Plezoelectr1c or magnetostrlctlve actuatlon
devices have also been used in 1njectlon valves to-

actuate an 1nternal hydraullc control valve . For

- example, U.S. Patent No. 5,819,710 (the '710

patent) describes an injection valve within which’
a servo'valve is used. The servo- valve is

actuated by an actuatlng member, Wthh could be a

piezoelectric stack or a magnetostrlctlve

material. The actuatlng member can be controlled

to close the servo valve gently to reduce wear . and
improve service life. According. to the '710

patent< the servo valve actuatlng member can be
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‘paired with a insert bolt or stud to compensate
. for. dlfferences in thermal expans1on between the
actuator and the injector hous1ng (See,column 44
lines 25-48). ' o
5 U.S. Patent No. 5,845,852 (the 1852 patent)
‘descrlbes another 1njector that employs a
‘plezoelectrlc actuator to operate'an 1nternal
three—wayvhydraullc control valve: to openuand
close the main injection check valve. 'The '852‘;
10 patent describeS'a piezoelectric'actuator;acting
through,the'intermediate'of a~Se1f-locking’preloadl
assembly. This self locklng preload assembly has f
. three functions: (1) to compensate for

" dimensional ‘¢chahges and/or 1mperfectlons, (ii) to

y .~ 15 offset some of the upward force due to fuel
B L ' pressure; and (111) to preload. the plezoelectrlc

N : stack for better performance . y
. Similarly, U.S. Patent No. 5,779,149

E} o describes an injector using a piezoelectric

= 20 actuator acting.on a hydraullc control valve. .
%%. - through the 1ntermed1ate of a hydraullc ampllfler,
EE | which serves to ampllfy the movement of the - ' .°

actuator. The hydraullc-control valve allows. the“
main 1njectlon valve to open’ and close to meter

25 the amount ‘of fuel 1njected

A problem with employlng a plezoelectrlc or .

magnetostrlctlve actuatoryto operate.a control .
valve, which in turn controls the'flow of. a. '

, hydraullc fluid to operate an 1njectlon valve, 1s

30 that thls arrangement requlres the 1ntermed1ate .
action of a hydraullc fluid. Any delays caused’ by
the dlsolacement of the hydraullc fluld causes'
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delays in the actuation‘oftthe lnjector.

' Accordingly, there is a need for'an injector that
is directly actuated’bv an actuator without an
1ntermed1ate active hydraulic operator generatlng

5 any actuatlng forces. Another dlsadvantage of

.‘actlve hydraulically -operated systems -is that al
hydraulic fluid needs to be supplied and drained
from a ‘hydraulic cylinder.;'when:diesel fuel 'is
the main fuel used by the engine, the diesel fuel

.10 may be used as the hydraulic fluid. However, when

.a gaseous fuel is the engine's main fuel, a

separate hydraullc fluld system would be needed to'

N } operate 1njectors that rely on hydraullc»
g@ ' j actnatlon
i 15
“%f Summarx
- An injection valve 1njects fuel into. a
combustion chamber_of an internal combqstlon A
- engine. The:injection valve comprises: .
20 . '(a) a valve housing'comprising:
;% | | - a fuel inlet port;
o . . 'an interior chamber fluldly
| ‘ connected- to the fuel 1nlet port
a. nozzle comprlslng a nozzle
25 orifice providing a fluld passage from
| the interior chamber to the’ combustlon
chamber, o “‘ |
(b) a valve needle dlsposed w1th1n the valve
| housing ‘wherein the valve needle is -
30 h | movable between a closed p081tlon at

‘which a seallng end Sf the valve needle

contacts a valve seat to fluldlyvseal
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the 1nterlor chamber from the nozzle
- orifice, and:an ‘open pos1tlon at whlch
the seallng end of the valve needle is ...
spaced apart from the valve seat whereby H
5 : ~ the interior chamber‘;s fluldly_
" ‘connected with the nozzle orifice,
‘whereln valve needle lift equals the
distance traveled by the seallng end
away from the valve seat; o
10 "i,(c) a needle spring associated with the’ 4
' "valve needle, whereln the needle sprlng
. applies a_c1081ng force to the Valve
= " - i' ‘ ' needle-for’biasing the valve needle in

the closed position;

13 ' .15 - (d) an actuator assembly assoc1ated with the
Koy B o "‘ valve needle, whereln the actuator
: assembly may. be actlvated to apply an
openlng force to the valvelneedle
strongercthan‘the closing force, for
20 . moving the valve needle to the open
'-position? and | '
(e} a hydraullc link assembly comprising a

hydraulic link having a fluid thlckness
through which the openlng and c1051ng

25 - " forces are transmitted, wherein the
thlckness of the hydraullc link is
adjustable in response to changes in the
‘dlmen51onal relatlonshlp between -
components of the 1njectlon valve to

30 o malntaln a desired valve needle 11ft

R ' when the actuator ‘assembly is actlvated
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In a preferred embodiment, the thickness of
the hydraulic link is auto-adjustable in response
to changes in the dimensional relationship.caused‘
by differential thermal expansion, and/or wear to
components of the injection valve. The hydraulic
link assembly preferably comprises a sealed'
hydraulic cylinder,,with a piston and hydraulic
fluld disposed within the hydraulic cyllnder . The.

' plston may be an 1ntegra1 part.of the valve

needle. ‘ ‘

The actuator assembly'preferabiy'comprises a
magnetostrictive member or a piezoelectric'stack,
When the actuator assembly comprises a . /
magnetostrictive member,'an electric coil is'
disposed around the magnetostrlctlve member and a
flux tube is dlsposed around the electrlc c01l

. In preferred arrangements, the actuator- assembly
may be disposed within the 1nterlor chamber of the'

injection valve. 1In a partlcular preferred
embodiment, ‘the .actuator assembly is tubular and

dlsposed W1th1n an annular space around a

-cyllndrlcal portion of the valve needle One end

of the tubular actuator assembly may' be ‘held in a
fixed position in relation to the valve housing by
a pole that supports the magnetostrlctlve member

The pole is attached to the wvalve hous1ng to

prevent’ movement of the supported end of the

magnetostrictive member when the actuator assembly
is actlvated
When the injection valve actuator assembly

employs a magnetostrictive member or a ’

piezoelectric stack, the actuator assembly is
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'controllable to control the de51red llft between .

10 and 100 percent of max1mum 11ft>‘ That 1s, the
control pulse directed to the’ actuator assembly

‘can ‘be modulated ‘to provide full or partlal lift,
- as des1red " 'When the actuator assembly comprlses

a. magnetostrlctlve member, the control pulse is a
modulated electric current dlrected to an electrlc.'
coil that produces a magnetlc fleld When the - ‘
actuator assembly comprlses a plezoelectrlc stack,:
the control pulse is a modulated voltage applled

to the plezoelectrlc stack. ,

The present 1njectlon valve 1s partlcularly
suited for 1nject1ng a gaseous fuel ‘because the
ablllty to modulate the movement of the valve:
needle may be benef1c1ally used to slow down the,

- closing action of the valve needle to reduce ’

1mpact upon clos1ng . When a llquld fuel is '
1njected the clos1ng impact is dampened by the
displacement of the thin liquid fuel layer, whlch.
is considerably denser than gaseous fuels. When
the fuel is a'gaseous fuel it can be 1njected

into the combustlon chamber at a pressure greater'

"than about 2000 p51 (about 13 8 MPa) .

A magnetostrlctlve materlal that is sultable

for use "in the. present 1njectlon valve comprlses a

materlal known as ETREMA Terfenol D’

magnetostrlctlve alloy that 1s available from
Etrema Products Inc. ETREMA Terfenol D’

[

magnetostrlctlve alloy is a metal alloy composed -

‘of the elements terblum, dyspros1um, and iron.

In a preferred "embodiment, the valve needle,

actuated by a magnetostrictive,or plezoelectrlc :

—
<
[
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actuator assembly ishcontrollableﬂtO‘move between
the closed and open positions‘in'less thanfabout
250 microseconds. | o
'\ .To improve the range of valve lift for'a
5 given magnetostrictiVe or piezoelectric actuator
length, a compre551ve force may " be applled to the

: magnetostrlctlve member or plezoelectrlc stack.
By pre-loading magnetostrlctlve membetrs and

'plezoelectrlc stacks, net. dlsplacement may be

:10 increased per respective unit of. applled magnetlc
field or applied voltage Accordlngly,

" compress1on sprlng member may be employed for
applylng a- compress1ve force to pre- load the
magnetostrlctlve member Neo}a plezoelectrlc stack

'15 In a preferred embodlment the compress1on sprlng

member comprlses at least one dlsc spring (also

,i , ‘ known as ‘a Bellev1lle sprlng OF. Bellev1lle

s washer) . : - |
Eﬁ ) The 1njectlon valve hous1ng may comprlse a
& 120 plurallty of parts that are ]01ned with each other-

W ‘to provide a fluldly sealed body ‘For" example

= o the valve hou81ng may comprise a hollow main .
hou31ng w1th a removable valve cap that. allows
‘access to the valve components disposed within the

25 main housing.  The valve housing may. fﬁrther
‘comprlse a. separate valve tlp ElS) that 1t ds -
replaceable when worn. In addltlon, the valve tib"
may be de31gned so that. it is the-only portion of
the valve- body that is.directly exposed to the: '

30 interior of the.combnstionfchamberf‘;In:thisﬁcase =

the valve tip_may.be5made.from;a‘materialmthat |

will provide greatervdﬁrability when directly~
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exposed to the condltlons that mlght be expected
~within a combustlon chamber '

Whlle the hydraul;c llnk is. deslgned to..
compensate for changes in the dlmen81onal ’
relatlonshlps between valve components, 1nclud1ng
changes caused by dlfferentlal thermal expansion, .
the demands placed upon the hydraullc 11nk may be .
reduced: by the selectlon of materlals for ‘the
valve components that have 31m11ar thermal |
expansion- coeff1c1ents
- A preferred fuel,lnjectionfvalve~for an .
internal combustion enéine comprises: '
(a) a valve houslng‘comprlsingf
a. fuel-inlet port;
~an 1nterlor chamber fluidly
connected to the fuel 1nlet port;
- a nozzle compr1s1ng a.valve seat
and a. nozzle orifice prov1d1ng a- fluid
passage from the interior. chamber to the o,
combustlon chamber, ‘ |
{(b) .a valve needle comprising a cyllndrlcal
portlon hav1ng a sealing.end and a
'plston portlon having a pre- load end
the valve needle dlsposed within the
valve hou31ng whereln the valve, needle
is movable between a closed p081tlon at
*,whlch the seallng end contacts ‘the valve
seat .to fluldly seal the 1nterlor
"chamber from the nozzle orlflce, .and an
| open pos1tlon at whlch the seallng end
'115 spaced apart from the valve seat
whereby- the interior chamber 1srflu1dlv
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A A IWERY.Y) $n et
WMIEFEEaEeS Vv ESPOTt

IPR2023-00352



- 14 -

connected with the nozzle oriflce,
wherein valve needle lift equals
distance traveled by the sealing end
away from the valve seat '
5 - (¢) a needle spring assoc1ated w1th the pre—
| load end of the valve needle,.whereln
the needle sprlng is compressed to apply
a c1081ng force to the valve needle for
. biasing the valve needle in the closed
10 S pOSlthn, '
- (d) an actuator assembly that may be
activated to apply an openlng force to

- the valve needle that is stronger than

Hod bt

g? - the clos1ng force, for moving the valve '
;ﬁ ' 15 needle to the open position, the

?E | actuator assembly compr1s1ng'

ﬁé a tubular magnetostrictive member

?ﬁ disposed around the cyllndrlcal portion
F% -of the valve needle; |

i

&
=

o]
el

20 - - an electrical coil disposed around
' the magnetostrlctlve member; ‘
a flux tube dlsposed around the

- ; ' . electrlcal c01l -and
4 . a support for the actuator assembly
25 o that acts as a pole and prov1des a flxed
- pos1tlon for one end of .the '
magnetostrlctlve member relatlve to thei -
valve hous1ng, and o
’ (e) a hydraullc llnk assembly compr1s1ng a
30 . o . sealed hydraullc cylinder dlsposed about
the plston.portlon of the valve needle, -
a hydraulic fluid disposed within the -
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hydraulic cylinder, wherein the opening
_and closing forcgs applied,to'the valve-
needle are transmitted through the
thickness of'hydraulicifluid whereby the
‘hydraulic fluid acts.as a hydraulic link -
'and the»thicknesa is automatically
adjustable in response to changes. in the
dimensional relationship between
components of the injection valve to .
haintaih a desired valve needle lift
when the actuator assembly is dctivated.

Also perided is a method of using a shaped
waveform to control an injection valve that

employs a magnetostrictive or piezoelectric

actuator assembly. The method Comprisee, in

sequence: ‘ .

(a) initiating‘an'injectibn-event by
applying a control pulse and .
acceleratlng valve openlng by ralslng
the value of the control pulse to a
spike wvalue that is greater than the'
value requlred for the de81red'11ft (the
splke value may be up to ‘about an- order
of magnitude higher than the value.
required for the desired llft) .

(b) reducing the ‘control pulse from the
spike value to a value that is:.rieeded to.
provide the déSﬁredalift-

(¢) . reducing the control pulse to a negatlve

value to accelerate valve closing;

/7
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(d) increasing the'contrOl”pulse to a
p081t1ve value to slow down valve
clos1ng to reduce the 1mpact force of
the valve needle on the valve seat; and

5 - (e} reduc1ng the. control pulse to zero to

close the valve

The method may further comprise shaping the-
lwaveform to modulate the movement 0of the valve .
10 - needle, for example, - to prov1de only partial llft
when reduced fuel flow is’ de51red - This result
could be achleved for example; by momentarily
reduc1ng the control- pulse £o a value that is

lower than the value that is needed for the

15 des1red 1ift to reduce the average value of . the o

g
P

e

‘control pulse durlng the -injection’ event Thef

.@?: o reduction 1n the control pulse value 1s preferablyif
5 - ;' timed 1mmed1ately after 1ncreas1ng the’ control . S
%ﬁ T pulse to the splke value, so that the. reduced '

20 control pulse helps to stop the openlng actlon of g

.1the valve needle

When the actuator assembly employs a ’
magnetostrlctlve member, the,control,pulse_is a {"
‘modulated electric current directed to-an electric

25 coil that produces a magnetlc fleld orlented in
| the direction of actuatlon When the actuator
assembly employs a plezoelectrlc stack the B
.gontrol pulse is a modulated voltage applled to ,"d
the piezoelectric stack. - o
~ 30" - In the preferred method the time needed to.
’move the valve needle between the closed p081tlon

and the des1red open pos1tlon may be as short as’

/ .
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| about 175 miCroseCOnds’ More typlcally, however,
the time needed to move the- valve needle between
"the closed pOSlthn and. the des1red open’ pos1tlon 3
may be as short as about 250 mlcroseconds |
5 An advantage of the present 1n3ectlon valve
" 1s that it may be employed for late -cycle, hlgh—
pressure dlrect 1njectlon of fuels into ‘internal °
combustlon“englnesﬁ_,Eor ‘example, - the present'
injection valve may.,be used to lnject a gaseous
10 fuel 1nto the combustlon chanber of . an 1nternal
combustlon englne at pressures of between about
2000 and 5000 psi (about 13.8 and ;34.5 MPa),I The
- present injection valve may be employed to '
introduce liquid fuels into, 1nternal combustlon

15 engines at even. hlgher pressures

Still. another advantage of the present
e, . 1njectlon valve 1s that it provides ‘an injection
" . valve that eliminates the need for .an active

st _ hydraullc operator and the assoc1ated high- =

i

q.
5

20'. pressure hydraulic system for generatlng the

oy ]

i
B

.actuatlon force to actuate the 1nject10n valve

AL

"Conventlonal active hydraulic operators are
dlfferent from the hydraullc llnk of the present
~1nventlon, whlch may be. descrlbed as a pass1ve ,
25 Ahydraullc link because the. hydraullc fluid sealed |
A within the hydraullc link. assembly merely _ ’
transmlts the - actuatlng forces but 1s not .employed
to generate an., actuatlng force for actuatlng the
' valve Rather, the purpose of the: hydraullc link
30 1s to prov1de a load path for the opposing
actuatlng forces that orlglnate from at least one

spring member and the actuator assembly A

. Me[cedes EX1005, Page 49 of175
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benefit of ellmlnatlng the need for a conventlonal
active hydraullc operator is- the - ellmlnatlon of
the assoc1ated active hydraulic systems ‘
Conventional active hydraulic actuators, such as
those that employ rapidly 1ncrea51ng ‘and
decrea51ng hydraulic. fluid pressure to actuate'an
injection valve need to be connected to a source’
of high pressure hydraullc fluld and need valves
for controlllng the . flow of hydraullc fluld 1n and
out of the active hydraulic operator ‘Active -

Vhydraullc actuators employ hydraullc_fluid that is.

moved in and out. of a hydraulic cylinderyand»when ‘
the hydraulic cylinder is fluidly connected to a’
source of high pressure hydraullc £1luid, the hlgh
pressure hydraulic fluld that flows 1nto the
hydraulic cylinder generates the actuatlng force -
that is. used to move the valve needle "The

actuating force is removed when the hydraullc

cylinder -is -disconnected from the source of hlgh—

pressure hydraulic fluid and the hydraulic fluid
is drained from'the'hydraulic'cylinder.' A
disadvantage of active hydraulic actuators of this
type is' that there is a lag time associated.with
moving the hydraulic fluid into and out of the
hydraulic cyllnder 4 n

A further advantage of . the pass1ve hydraullc

- link is that 1t may be employed to correct for

dlfferent1a1~thermal expansion, wear and
dimensional variability within permitted ..

hanufacturing and assembly tolerances " The

'discloseéd pa531ve hydraulic llnk accompllshes this

by auto- adjustlng 1tself in response to these

MemedesEX1005 Page500f175n
Mercedes v. Westport
IPR2023-00352



- 19 -

effects:byiallowing movement of hydraulic fluid
between'opposite.sides“of the hydraulic piston
‘The actuator assembly thus re zeroes 1tself to
‘ensure that the de81red valve needle llft 1s
5 “malntalned : :
An advantage of employlng ‘a dlrectly actuated'
injection valve: is that a shaped control pulse may
be employed to’ control the acceleratlon and -
deceleratlon of the valve needle as 1t moves
10 between the open and closed p051tlons For
example,»when a magnetostrlctlve actuator 1s
employed, the current applied to the

8 -eleqtromagnetlc coil can be controlled for
woo ‘ example, to reduce the current in a. manner that

soing

[ oot

15 .will‘close the valve gently. S;mllarly, when a

+ e Bo

piezoeleétric actuator' is employed, the voltage

T
o

g

applied to the piezoelectric stack can be-
controlled, for eXample, to accelerate the opening

i
.F% ‘ .of the valve by - 1n1t1ally providing an over-
.55 20 voltage (that 1s, a voltage that is hlgher than

- the voltage that’ 1s needed to- prov1de the

necessary dlsplacement) Thus, control pulses~may-

;-'a"g_r

.be employed to. control the expan81on and
contractlon of magnetostrlctlve ‘or plezoelectrlc

25 actuators to control the movement of the valve
needle. An advantage of controlllng the‘ B
deceleration of the. valve needle is that the.
1mpact of the valve needle on the. valve seat upon.--
closing can be reduced to reduce ‘the wear .on: the

30 valve components, thereby improving durablllty

Yet another advantage of the present

injection valve is that.the control pulse may.be.

Mero'edes EX1005, Page 51 of 175 .
Mercedes v. Westport
IPR2023-00352



L
e ok oy

H#

(o

v

10

15

20

25

30

- 20 -

shaped to provide for partial lifting of the valve
needle in a repeatable manner. The émeunt of lift
may be controlled by shaping thefcdhtrol pulée to:
control the amount of electricalvcurrent or
voltage directed to the respecti&e

magnetostrictive or piezoelectric actuator

“assembly.

Still another advantage of the disclosed -
injection valve is ﬁhat'the actual valve needle °
lift is very small (typically much less than 0.1
millimeter), so that compared to valves de51gned
for greater‘valve needle 1ift, the valve needle
velocity required to open the. present 1n3ectlon
valve is much less. , _

These and other‘edvantageSpare provided‘by a

directly actuated injector as described below.

v .

Brief Description Of The Drawings

Figure 1 is a cross-sectional wview of ‘a

preferreduembodiment.ef a.directly actuated fuel'

-injection valve;

Figure 2 is an enlarged view of an upper
portion of the fuel 1njectlon valve of Figure 1y

‘ﬁlgure 3 is an enlarged view of a lower
portion of the fuel injection Valveqof‘Figure 1;

Flgure 4 is a timing diagram for a preferred
method of controlllng electric current applied to
the actuetor.assembly of the fuel‘injection valve
of: Figure 1; and | ' .

Flgure 5 is a tlmlng dlagram for a preferred .

method of controlling voltage applied to a

<<
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" piezoelectric actuator aseembly'for a‘fuel y

injection valve:

Detailed Description OfWPreferred Embodimentxsil
,5 Flgures 1 through 3 show a preferred '
embodlment of a.directly actuated fuel 1njectlon
'valve 100 for internal combustion engines. '
Injectlon valve 100 1ncludes elongated valve
housing 102 that cooperates w1th valve cap 104 and?
10 valve tip 106 to provide a fluidly sealed valve"
" body. Seals may be employed to ensure that the S

&

'assembled valve body is fluld tight. valve ‘cap .

L g

i 1

104 comprlses inlet port 108 through which- fuel

grese
ey
£3 =4

i

enters the valve body, and valve tlp 106 comprlses

'f%' 15 at least one nozzle orlflce 110 through whlch fuel
;; ex1ts the. valve body Valve tip 106 further
2 comprlses valve seat 112 o '
%3 In the preferred embodlment éhOWn more

H

‘clearly in the enlarged v1ew of FlgUre 3. valve
20 - seat 112 is angled to max1mlze fluld flow

follow1ng,the seallng area (where valve needle 114

contacts valve seat 112)u The dlfferentlal anglew
between the end surface of valve ‘needle 14 and '
valve seat 112 is chosen S0, that - the flow area

25 . does not decrease. as gas moves 1nward toward the
central throat of valve tlp 106 that feeds nozzle

orifice(s) 100.

. Valve Needle : . , .
30 - Valve heedle. 114 is dlsposed W1th1n the

tinterlor of the valve body,and contacts valve seat

112 to close injection valve 100 by preventing

5
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efuel from passing beyond- valve seat 112 td nozzle
’orlflce 110. In the embodlment of Figure. 1, valve
»needle 114 comprises valve ‘stem ‘114a, which moves
into the open p081tlon by moving 1nward within the
5 valve body to lift away from valve seat 112.
Valve stem 114a is-a cyllndrlcal member and s1nce
the valve llft is generally small (for example,
about 65 mlcrometers)' the dlameter of . valve stem
114a is’ selected to ensure suff1c1ent flow
10 -capac1ty through ‘the valve openlng since flow area
(A) is proportiofial to valve. stem dlameter ‘(that o

o : is, A =1II x dlameter x lift). Hence, a. small
Wl 'llft can be compensated for by a larger dlameter

T In the preferred. embodlment 1llustrated by Flgure
g o 15 1 valve needle 114 further comprises a- separate'
| plston member may cooperate with' valve needle 114
to prov1de the same effect In an alternatlve
larrangement (not shown), a poppet type valve t1p _
may be used so that downward movement of the valve
20 . zneedle causes 1t to open. In this. alternatlve'

arrangement, the actuator assembly is preferably

'f; , = ' positioned above valve needle 114 so that when the
: actuator 1s energized to open.the 1nject1on valve;
a downward force is applied to valve-needle 114.
25 | | " | '
- Spring Assemblx ‘
A sprlng assembly biases valve needle 114 in.
the closed p051t10n In a preferred arrangement
the spring assembly comprises at least one- needle
3Q' ‘sprlng 116 for providing a clos1ng force to valvea
needle 114. With reference to embodlment of

Figure 1, the spring assembly further comprrses.a o

e Mercedes EX1005, Page 54 of 175}<'r
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needle sprlng guide 118 for transmlttlng the
c1031ng force from needle spring 116. to valve
needle 114. Needle sprlng 116 ‘is held in .
. compression by needle sprlng adjuster 120, which
5 ‘cooperates with needle spring. hous1ng 122 to
provide a load path to valve housing 102. Inla‘
» preferred arrangement, respective threaded -
' surfaces 301n needle sprlng adjuster 120  to needle
sprlng hous1ng 122 “and needle hou31ng 122 to
10 wvalve housing 102. After needle sprlng adjuster
f120 has been rotated to compress’ needle spring 116.
'to¢prov1de the desired pre-load‘force'to,needle
spring 116, locking nut 124 may be tightened to .
prevent. needle spring‘adjuster 120 from loosening.
15 The spring energy set_by compressing or pre—7
loading needle spring 116 provides the closing
~force for keeping valve needle 114 intthe'ciosedi" f

position.

20 Actuator Assembly
 An actuator assembly may be activated to

dprovide‘an opening force.that;is‘opposite'and..
greater than the‘c;OSing force provided by the
spring assembly. In the embodiment illustrateéd in
' . 25. Figure 1, the. actuator assembly comprises a member

that expands or contracts in the dlrectlon of the
opening force when the member is exposed to -a
‘magnetic field or subjected to an electrical .
.voltage,'such as, for example, a magnetostrlctlve

30 material or a plezoelectrlc stack.

' In the embodiment illustrated by Flgure 1,

the actuator assembly is a magnetostrlctlve

" Mefcedes EX1005, Page 55 of 175
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actuator that comprises magnetostrictive member .
130, electric coil 132 disposed'around‘the‘outer
diameter'offmagnetOStrictivevmember 130;‘a_flux
tube 134 disposed around electric'coil 132.  Flux

5 tube.134 may be’ made from common carbon steel w1th'
a lengthwise slit to break eddy” currents An
electrlc current is supplied to electrical fitting»

_ 136 Electric.leads (not shown) conduct the |

electric current from electr1ca1 flttlng 136 to

10 electric c01l 132. - When an’ electrlc current is

' applled to electric coil 132 a magnetlc flux

. develops.that flows through‘magnetostrlctlve

8 . | s 3member 130, pole 138, 140 and 142, and. flux tube'

Wi 134. - Poles 138, 140 and 142 are made from a

51 - 15 suitable materlal such as carbon steel (for '

‘.?h’l" .. example CS1018) or steel that has a low magnetiC‘

 hysteresis. . Pole 138 is a “flxed" pole that "

s::- C provides a structural support for a flrst end of

magnetostrlctlve member 130, electrlc coil 132 and

'}
fi &

oo - 20 flux tube 134 .Pole 140 is assoc1ated w1th a

wy!

o
1,

second. end of magnetostrlctlve member 130 and pole

'}
L]

T

142 is assoc1ated with a second end of electrlc
ACQll 132 and. flux tube 134. Pole 140 'is an

o

¥

"inner" pole and pole 142 is an'ﬁouter" pole
25 disposedAconcentrically around inner pole 140
Pole 142, electric coil 132 and flux tube 134 are
held in place by lock nut 144‘ which preferably‘-
threads into the inner wall of valve housing lQ2;?
. Poles 140 and 142 cooperate w1th one another to
30 . provide a flux path at the second end of the |
e actuator assembly, but pole 140 may move relatlve
n to pole 142 S0 that magnetostrlctlve member 130

Mercedés EX1005, Page 56'0f 175
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‘may expand'in the direction Of‘the magnetic field =

which is oriented so that. the actuator assembly
provides an opening force in opposition.to the
clos1ng force of the spring assembly, . ‘

‘ A pre-compression force is preferably applled

‘to magnetostrlctlve member 130 ‘to ampllfy the

¢

magnltude of expans1on when a magnetlc field is
applied. Pre- compress1on of magnetostrlctlve
member 130 1ncreases the net dlsplacement per unit

‘of applied magnetlc field. Slmllarly, when a

plezoelectric member is substituted for
magnetostrlctlve member 130 pre- compress1on
increases thé”net displacement of the _ ’
piezoelectric member per unit of applied electric
voltage. A spring, such as, for example, disc
spring 150 may be employed to prov1de the pre-
compression force. Alternative compress1on |
elements may be employed in place of disg spring’
150 to provide the prercompression:force; such as,
for example, a coil spring'or another.type of
spring w1th the same sprlng force, a hydraullc
piston, or a comblnatlon of compre551on ‘elements.
When a pre- cqmpression force is employed, the
actuator's displacement can increase to about :
0.13% of the total length of magnetostrictive.
member 130. However, the amount of displacement
may decline as a functlon of 1ncrea51ng
temperature For example, at typlcal

‘reciprocating engine cylinder head temperatures
the actual dlsplacement may be about 0. 065% of the

.length of pre- compressed magnetostrlctlve member

130.

7( e
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l The dlmen81ons of: magnetostrlctlve member arel
dlctated by the requlrements of 1njectlon valve

. 100. For example if 1n]ectlon valve 100 1s
designed to prov1de a lift of at least about 65

pm, magnetostrlctlve member 130 is 51zed to have a

length of at least about 100 mm. Addltlonally,pv
the wall, thlckness of annular magnetostrlctlve |
member 130 is selected to prov1de suff1c1ent forcef
to ovexrcome all of the opp051ng forces that hold

“.injection valve 100 1n the closed p051t10n - If

the cross-sectional area of annular
magnetostrlctlve member 130 is’ not suff1c1ent the

opposing forces can reduce or prevent longltudlnall

dlsplacement of . magnetostrlctlve member 130 even

when' electrlc c01l 132 'is fully energlzed This
mode .is. known as the: "blocked force" mode |
Accordingly, the magnltude of the clos1ng forces
acting on valve needle 114 dlctate the: cross .
sectlonal area of magnetostrlctlve member 130

Whlle Flgure 1 shows magnetostrlctlve member
130, electrlc c01l 132 and flux tube 134 could be
replaced with a plezoelectrlc stack "(not shown).
Electrical fitting 136 could be employed to dlrect
an electric voltage to the piezoelectric stack.'
When an eélectric voltage is applied=tova |
piezoelectric stack, the stack expands‘and'
develops a motlve force for openlng 1njectlon
valve 100 . o ' '

As shown 'in Figure 1, the actuator assembly
may be located within valve hou31ng 102 and
dlsposed concentrlcally around valve stem 114a

where. 1t occuples a portlon of the annular space

z
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between .valve stem 114a and valve housing 102.
Accordlngly, the actuator assembly may be exposed
to fuel that is dlrected through the hollow. valve
body on its way from 1nlet port 108 to nozzle,

forlflce 110.

‘Hydfaullc Link Assemblz

‘The openlng force generated by the actuator k
assembly is- transmitted to valve needle 114 |
through a hydraullc llnk assembly.  The hydraullc
link assembly comprlses hydraullc cyllnder 160,
Wthh is dlsposed in close- flttlng relatlonshlp
around : hydraullc piston 114Db, whlch is free to

. move in the longitudinal dlrectlon within: cyllnder

160.. As mentioned above, 1n.the embodlment of"
Figure'l, hydraulic piston 114b is an integfal,~
part of valve needle’ 114 and the side wall of
cyllnder 160 helps to gulde the movement of valve'
needle 114 in the actuatlng dlrectlon A v1scous

‘hydraullc fluid is sealed 1n31de hydraulic

cylinder 160 by cyllnder cap 162. and seals 166
168 -and 169 (see Figure 2). Seals 166 and 168

_permlt valve needle 114 .to move ‘relative to -

cylinder cap 162 and cyllnder 160 respectlvely

Known seals may - be employed,. such as, for example
elastomerlc O- rlng seals, packlng, metal seals or -
dlaphragm/bellow seals. ' ‘
The dlametrlcal clearance gap between the
out51de diameter of hydraullc plston 114b and the

q1n81de dlameter of hydraulic cyllnder 160 is

extremely small (on the order of 50 to 250
microns). The desired size of the clearance. gap

<7
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is dependent on the viscosity of the chosen
hydraulic fluid: The hydraulic flow in the
 clearance gap is governed by the Hagen P01seullle‘
Flow and the hydraullc fluld and’ clearance gap are
5 ‘preferably selected so that- the flow of hydraulic
fluid through the gap is 1n51gn1flcant durlng the,
time span of fuel injection events when an. opening
force is transmitted through the hydraullc fluid.
Furthermore, the hydraullc fluld preferably has a.
10 suff1c1ently hlgh v1scos1ty and bulk. modulus so -
that it acts as an 1ncompreSS1ble SOlld when
actlvatlon of the actuator assembly causes a valve

2 TN
5

1:§ . opening force to be quickly" transmltted through

~§E the hydraulic fluld between the bottom of cyllnder .
}gx 15 160 and hydraulic piston- 114b For. con81stency of. 4
e operation, the hydraullc fluld is also preferably

"ijv,_ 1 an’ extremely stable fluid that maintains its

- des1red propertles over a wide- range of
temperatures (that 1s, within’ the expected

20 operating temperatures inside cylinder 160).
vSultable hydraullc fluids are, for example,

conventional motor 011 such as grade 15W40, or
synthetlc lubrlcants such as DuPont® "Krytox®n
. grease which is avallable 1n a range of ,

25.‘ viscosities. Krytox® 1s a PerFluoroPolyEther ‘
(?FPE) synthetic lubrlcant\that may be mixed with
a thickener to form a'grease ‘These types of
hydraullc fldids. also help to lubrlcate seals 166
and 168. leferent injection valves may have

30 different siZed plstons and clearance gaps, so the
hydraulic fluid may be”selected with consideratlon.

' *Mercedes EX1005, Page 60 of 175"
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to the. characterlstlcs of an 1nd1v1dua1 1njectlon
valve de81gn ' ' -
- When injection valve 100 is closed and at. .
rest,.the closing force is transmltted throughrthe‘
5 hydraulic fluid held betweén cylinder cap 162 and-
hydraulic piston 114b." Typlcally, durlng englne
operation, injection valve 100 is closed most of
‘the time (normally over 90% yof'the time) .
Accordingly, there is enough time between,

10 injection events for the hydraulic, £luid to
redistribdte itself by flowing through the
clearance gap so that hydraulic cylinder 160 moves

. ‘ . relative to piston 114b to automatically‘"re—éero".

& . itself.  The initial zero-position is the position '

15 of hydraulic piston 114b Within hYdrauliC'cylinder

o

160 after assembly of injection valve 100. The

T

o lnitial zero.position may not be the same for all.
e injectors due to variation in the length of

;% components within manufacturlng tolerances Also,
el 20 during operatlon, ‘the zero- p051tlon auto-adjusts
f% to change dependlng, for example,,nponvcomponent

§

.wear’' or upon the'effects of thermal expansion on

ﬂ?
L

. the dlmen51onal relatlonshlp between components
leferentlal thermal expans1on or contractlon
25 may be caused by dlfferences in thermal expansion
| coefficients or uneven heat dlstrlbutloanetween
the components. Even though the components~of
injection valve‘lOO, such as magnetoStrictive
member 130, valve needle 114, and valve‘hOusing
30 " 102, are designed'to be reasonably,matched to the
thermal expansion rates of the other components,

becaQSe the valve needle lift and the displacement

| </’7,
>

Mercedes EX1005, Page 61of 175
Mercedes v. Westport
IPR2023-00352



10

15

20

25

30

- 30 -

of the cdmponents that causes the 1ift are so
small, the effects of thermal expansion or
contraction need to. be taken into ‘account to) .
ensure the desired valve reedle lift is achieved.

" The effects of thermal expansion and contraction’

‘may be amplified if.the'rnjection valve is exposed )

to a wide range of temperatures. For injection .
valves used in vehicles it would not.be uncommon
to expect a temperature range between -40°C (in
cold climates) and +125°C (when the englne is

running) . An uneven temperature dlstrlbutlon may

be the result of many factors, 1nclud1ng, for

‘example, the influence of (1) heat'generated at

coils 132; (2) magnetlc hystere51s in the" actuator

~assembly; and .(3 3) heat transfer from thé cylinder

head or the combustion chamber via Valve.tip 106.
If unaccounted for, the total effect of.
differential thermal expansion or contraction on

the dlsplacement of valve needle 114 may be

greater than the targeted 1ift.

In summary, the hydraulic link assembly
accounts for variatlons in component_dlmen51ons
arising from the permitted tolerancee in the
manufacturing procesees and'the‘injeCtion valve
assembly methods. Therefore, the hydraulic link "’
assembly reduces manufacturing costs by allowirg’

‘the injection valve components.to be manufactured

to less exacting tolerances. In addition, duringh
operation, the hydrauliC'1ink“assembly'auto—
adjusts 1tse1f between 1njectlon events to account
for changes in the dlmen31onal relatlonshlp

between 1njectlon valve components that may be

/‘5

O

Mercedes EX1005, Page 62 of 175
Meicedes v. Westport
IPR2023-00352



R

Tx)

£
LWL

10

15

20

25

30

- 31 -

caused for example, by component wear or
dlfferentlal thermal expan51on or . contractlon

,Summarz of Operatlon

. When 1nject10n valve 100 is at rest in the

‘ closed pos1tlon, the.closing force that blases
- valve needle. 114 agalnst valve seat 112 orlglnates

from needle sprlng 116. ' From needle. sprlng l1le,
the closing force is. transmlttedzthrough ‘needle
sprlng gulde 118 to valve needle ll4.>fIt is
preferable for the clos1ng force to ‘be prov1ded by
a mechanlcal sprlng member, such‘as the
1llustrated coil spring, so that the fallure mode
for 1njectlon valve 100 w1ll be in the closed

- position. THat’ 1s,‘1f the. actuatlng assenbly is

not energiZed or'fails, 1njectlon valve 100 will

‘remain 1n the closed pos1tlon

To' 1n1t1ate an 1njectlon event the actuator ,{‘A

, assembly is energlzed by dlrectlng an electrlc

current to ‘electric coil-132. A magnetlc flux
develops that flows through magnetostrlctlve
member 130, poles 138 140, and 142, and flux tube
134, Under the 1nfluence of the magnetlc field,

umagnetostrlctlve member 130 expands in length (1n
"~ the dlrectlon of. the magnetlc fleld) " Since’ pole . .

"138 is in a flxed p031tlon, magnetostrlctlve

member. 130 expands in the dlrectlon of “hydraulic
cyllnder 160. An openlng force, orlglnatlng from.
expandlng magnetostrlctlve member 130 1s‘”
transmltted through inner pole 140, the base. of
cyllnder‘160, hydraulic flurd 164bg(see Figure 2),

which is held between the base of cylinder 160 and

L ‘
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-
i

a‘planar surface of hydraulic piston‘114b‘7and
finally, through plston 114b which in the '
1llustrated embodiment is 1ntegral w1th valve

‘needle 114. ‘The opening force is greater. than the.
'-clos1ng force, whlch results in compre551on of

needle spring 116. The dlsplacement of hydraullc

cyllnder 160 also’ causes further compress1on of
disc spring 150. o ’
As-prev1ously-discuSSed; because valve

~actuation occurs suddenly (on the'order of 200

pus) hydraullc fluid 164b does not have tlme to,

flow through ‘the narrow clearance gap between
piston 114b and hydraullc cyllnder 160. ! Instead,
hydraulic fluid- 164b acts as a- solid and transfers7
the- movement of magnetostrlctlve member 130 to -
valve- needle 114 via plston 114b, caus1ng valve
needle 114 to 1ift away from valve seat '112.
Because_lnjectlon valvé 100 stays open_for such a -
brief period (typically less than 3'milliseconds),
as long as the viscosity of hYdraulicgfluid 164 is.

_properly selected’and the .clearance gap. is

suitably sized, the flow of hydrauliC'fluid 164 -
through the clearance gap while injection valve

100 is open is 1ns1gn1f1cant SO that any

‘displacement caused by such flow is thuch. less than

thHe total dlsplacement of valve needle 114
The movement of valve needle 114 1s ‘guided
near valve tlp 106 by gulde 180 (see Flgure 3).

 Figure 3 shows annular space 182 dlsposed around

valve stem 1l4a Between 1njectlon events, fuel"
remains in annular Space 182. - . When 1n3ectlon
valve lOO is’ open, fuel flows through annular'
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‘space 182, other gaps between valve components,

and openlngs prov1ded in certaln valve components,

‘'which all cooperate to permlt the free flow of

fuel from inlet port 108 through to nozzle orlflce
110_(wh1ch may be one of . a plurallty of nozzle
orifices radially oriented from the. nozzle

throat) . For example, Figures 1 through 3 show o
openings that prov1de fluid passages through ‘
components such as needle sprlng hous1ng 122 loch‘
nut 144, and pole 138. Figure 3 also shows seal

.184 between valve hous1ng 102 and valve. tlp 106,

and cylinder head face seal 186 whlch seals
between 1njectlon valve 100 and the englne '
cylinder head . (not shown) . e

. As fuel flows through valve hou81ng 102 .the
fuel cools the actuator assembly The fuel flow
path is preferably arranged to provide the

' greatest coollng to the 1nternal dlameter surface

of electric coil" 132 and the outer dlameter
surface of magnetostrlctlve member 130- in’
addltlon, -a small percentage of the fuel flow, .
perhaps up to about 20%, may be directed to flow |

' betWeen'the internal dlameter of magnetostrictive

member 130 and the surface of cyllndrlcal valve
stem 114a. When the fuel is used to cool the
actuator assembly in thlS manner, thermal modellng
predlcts a temperature rise of less ‘than 10 C.

To close. 1n]ectlon valve 100, at the -end of
the 1njectlon event, electrlc c01l 132 is de-

energized, cau31ng magnetostrlctlve member 130 to

‘contract. When valve needle 114 is moving from '

the openlposition to the closed position, the
/ C:;\ o I S
N AP . T
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- , closing‘force originates. from needle”spring 116
| and disc sprﬁng 150 The c1051ng force from
needle spring 116 is agaln transmitted to valve
. needle 114 through needle spring guide 118. In-’
5 the open position, the expanded magnetostrlctlve
‘member 130 compressed d1sc sprlng 150, so upOn
c¢losing, disc sprlng 150 de compresses to push
cyllnder 160 down and to compress ' to
| magnetostrlctlve member 130. Disc sprlng 150 may

10 also provide an addltlonal c1051ng force to valve

: transmltted from disc spring 150 through cyllnder

_cap 162, hydraulic fluld 164a and hydraullc plston d

4 114b.
. l5 - . When valve needle 114 moves from the -open .'
L ' | | position to the closed position, the time that
%f elapses is agaln,typlcally ‘less than 250 '

o : , needle 114 by generating a c1081ng force. that is

1 £YE | |

microseconds, and preferably less'than ahout 200.:

‘ . microseconds‘sohhydraulic fluid 164 again does not

20 ‘have time to flow through the clearance gap
between piston l14h~and cylinder 160. .. .

Consequently, pressure builds up fn hydraulic

fluld 164a on the upper planar surface of plston_
. 114b | .

'25 : Once valve needle‘114 contaCts valve seat
112, injection valve 1bO.is closed. When ‘
injection valve 100 is,closed,_the hydraulic link -
assembly automatically self- adjuStments so that'lm
the pos1tlon of hydraullc cylinder 160 relatlve to

30 hydraullc plston 114b is corrected to. account for
the effects of temperature, wear, and any small

movements. of valve needle 114 relatlve to

!
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hydraullc cyllnder 160 that may have occurred
while valve needle 114 was 1n the open p081tlon
Auto- adjustments ‘are accompllshed by the mlgratlon‘
of hydraullc fluid 164 ‘from one.side of hydraullc

5 plston~114b to the other, while disc sprlngllso

- ensures that hydraulic cylinder 160 and &alve |
needle 114 remain.in direct contact at all times.

Control Strateqv

10 . Waveforms for controlllng a dlrectly actuated
injection valve and correspondlng actuator
,dlsplacements are plotted in:the graphs shown in
Figures 4 and 5. The illustrated waveforms  show

that the control pulse*may employ‘several features

ai 15 to control the movement of a magnetostrictive.or’
- . 'piezoelectric member respectively.
—- In Figure 4, waveform A represents ‘the

electric current that is directed to an electric

iz | . coil that is used to actlvate an actuator

= ' 20 comprising a'magnetostrlctlve member.. The . =
gg 'strength of the magnetlc field is dlrectly

pae proportlonal to the amount of electrlc current

that is directed to the electric coil. To promote
fast openlng, the current is preferably first

25 spiked to current I, since higher currents yleld
stronger magnetic fields that can be employed to
accelerate the expansion of the magneétostrictive -
member. The electric'current is lowered to- |
current I, during the main injection'erent

30 “Initial electric’ current I, corresponds to a

current that may be as much as an order of

magnitude higher than electrlc current I,, which
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is the current that is actually required to fully '
f’open the injection valve. It is also possible to
partially’open the injection'valve, for example,
by reduc1ng the - current after the 1n1t1a1 current
5 'splke to a value less than current I As shown
by dashed waveform B, Whlch temporarlly reverses
the current to negatlve current I,, the control
.'pulse may be . optlonally ‘shaped to lower the o
‘ average current to.a level that allows’ qulck
10° attainment of partlal 11ft for better flow control
| than that whlch can be obtalned purely through
jpulsew1dth modulatlon That 1s, better flow
control can be achleved by controlllng both the

: o displacement of the- valve needle (lift) and the

=
§ a7

15 duratlon of the : 1njectlon :event .
‘Valve closure may be optlonally accelerated
by 1n1t1ally revers1ng the current to negatlve ‘ -
current I, To. reduce the 1mpact and consequent '

O T

wear of the valve needle when it makes contact

i

i

i |r',

20 with the valve: seat,_as shown by.waveform.A, the
' current mav be momentarily increased'to positive’
o ' current I to slow down the valve clos1ng action.
| In an alternatlve method for ‘¢ontrolling the
. impact of the valve needle on the valve’ seat 'the
25 4current can be more gradually reduced W1thout
rever31ng the dlrectlon of current, as shown byf
‘dotted line C. Flnally, the 1njectlon event 1s.,
completed when 1njectlon valve is closed and
~ current 1s returned to Zero.
30 Llne graphs D and E show the dlsplacement of .
the valve needle through respectlve fully open and
partlally open 1njectlon events . Graph D PR
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'corresponds to ‘the 1njectlon event controlled by

waveform A. Graph D shows. the valve needle .
quickly moving to the fully . open position at the

beginning of the 1njectlon event In the

‘|1llustrated example the 1njectlon valve remalns

in the fully open p051t10n for the majorlty of the

‘ 1njectlon event, as represented by the essentlally

flat portlon of graph D. . However, depending upon
the viscosity of the hydraulic fluid and. the s1ze_
of the clearance gap between the hydraullc piston,

~ and the'hydraulic cylinder,. the flat portion of

graph D may have a slight slope caused by the flow
of hydraullc fluid through the clearance gap
durlng the 1njectlon event

When thelanectlon valve is'closed; the

”closing action is.very quick,. as shown by. the

steep downward slope of line D near the end -of the

1nject10n event However, in response to the

momentary p031t1ve current’ near ‘the end of- A
waveform A, the slope of graph D flattens out ]ust
as the valve is returnlng to the fully closed
position, demonstrating how the shape of waveform
A can be used to reduce wear caused by the 1mpact
of the valve needle on the valve seat. Graph E
corresponds to a waveform (not shown) which, after
the initial current splke reduces the current to aA

value 'less than current. sz so that the 1njectlon

valve is only partially opened Graph E .also

shows that the duration.of the’ injection event may

be varled by changlng the length or duratlon of

the waveform Compared to' the 1n3ectlon event

.represented by graph D, the valve Iift is smaller
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for the 1n3ectlon event represented graph E, so
the- initial current splke may be lower than the
initial current spike of. waveform Al The c1051ng
. action represented by the more gradual-slope of

5 .graph E (compared to the steeper slope}of~graph’
D), corresponds to a waveform hav1ng a shape
similar to alternate waveform C.

Persons skilled in the art will. recognlze

that the time required to open or' close the,

10 .1njectlon valve may be decreased by 1ncreas1ng the
slope of the control waveform, or 1ncreased by

decreasing the slope of the waveform Thus thev‘

-
ig - shape of the, conitrol ‘waveform may be manlpulated
S to produce the de51red effects on’ thexspeed of the
_%ﬁ : 15 valve needle movément and ‘its- dlsplacement with -

;; T . respect to the valve seat " (to. .control” 1ift) .
%é In Flgure 5, waveform G represents a voltage'

. o control pulse that may be used to actlvate a .
i : "plezoelectrlc actuator. As will become apparent,
o | 20 the preferred.control strategy:for piezoeleCtric'

| g ‘ | .actuators employs the same prrnciples'aSwthe y
'ég - - preferred control strategy:described ahove for

magnetostrictive actuatorsl To promote fast
. opening, - the voltage‘is preferably'first spikedito
25 ‘voltage~Vl since higher voltages ¢an be,employed
toiaccelerate_the expansion of piezoelectric' '
‘materials. The voltage'is lowered to voltage V,
during: the maln injection event , Voltage v,
, corresponds to a voltage that may be -as much as an
30 order of magnltude higher : than voltage Vyi Wthh
' 'is the voltage that is actually required to fully_
~ open the injection valve. It is also possible to .-
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'partially open the'injeCtion"valve, for . example

by reduc1ng the voltage after the 1n1t1al voltage.
spike to a value less than voltage V As shown '
by dashed waveform H, which temporarlly reduces‘

| the voltage to negative voltage V the control

pulse may be optlonally shaped to lower the.
average'voltage to a level that allows quick . y
attainment of partial lift for better‘flow COntrol‘
than that whlch can be obtained purely through
pulsew1dth modulatlon ' That is, better flow.
control can be achleved by controlling both the
displacément~of the valve needle. (1ift) and the |
duratlon of the 1njectlon event. A '
Valve closure may . be optlonally accelerated
by 1n1t1ally reduc1ng the voltage to negatlve
voltage . V,. A To reduce the 1mpact and consequent

‘wear of the valve needle when it makes contact '

with the valve seat, as shown‘by waveform'G the
voltage may be momentarlly increased to pos1t1ve .

‘voltage V to slow down the valve clos1ng action.

Similar to the shape of current waveform C, the
shape of: voltage waveform I represents an
alternatlve method for reduc1ng the. 1mpact of the

valve needle on the valve .seat upon clos1ng

-Flnally, the 1n]ectlon event is completed when

injection valve is closed and- voltage is. returned
to zero. ' A ‘

Llne graphs J and K show the dlsplacement of
the valve needle through respectlve injection
events. -Graph J corresponds to the injection
event controlled by waveform G. Graph J. shows’ the
valve needle qulckly moving to the fully open )
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p051t10n at the beginning of the injection event
In the illustrated example, the 1njectlon valve
remains in the fully open position for the
majority of the injection event, as represented by

5 the essentially ﬁlat portion of graph J. However,

| depending upon the viscosity of the'hydraulic‘ |
fluid and the size of the clearance gap between .
the hydraulic plston and the hydraullc cyllnder,
the flat portion of graph J may have a slight

10 ~slope caused by the flow of hydraullc fluid
through the clearance gap durlng the 1njectlon

o event. L _ 4
Eé " When the injection valve is closed, the

i closing action is very quick, as shown by the
%é 15 steep downward slope of line J near the end of the
;E " injection event. ‘However, in response to the ‘
i% -momentary positive voltage near the end of

b
H.dt

" waveform G;. the slope of line J flattens out'jnst;

5

as the valve is returning to thenfully closed
20 p051tlon, demonstrating how the shape of waveform
G can be ‘used to reduce wear caused by the 1mpact

_of the valve needle on the valve seat Graph K is

similar to graph J except that it corresponds to a.
waveform (not shown) which, after the initial
25 voltage spike reduces the voItage to-a value less'
than voltage V,, so that the 1nject10n valve 1s |
only partially opened '
- The time span for the waveforms of. Flgures 4
and 5 may- bé in the range of 100 to 5000 ‘
30 mlcroseconds{ and typlcally.hetween 2§O'and 2000

microseconds for the majority of ‘injection events.
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‘The combination of the abové déscribed

directly actuated injection'valve‘and control

~ strategy. prov1des several beneflts, 1nclud1ng

ellmlnatlon of the hydraullc fluld

supply system, that is needed by

conventlonal hydraullcally actuated

injection valves. This simplifies

injection valve"conetructlon, for - . .

eXample, by -eliminating the need for

hydraulic fluid supply and return

passages and three way' valves that are

employed by’ conventlonal hydraullcally

actuated 1n3ectlon valves.

automatlc‘compensatlon for differential

thermal expan51on w1th1n the 1njectlon '

valve for wear due to prolonged

operation, -and for small dlfferences

caused by limitations in manufacturing. -

tolerances.

a compact concentrlc valve

needle/actuator assembly arrangement for

accommodating an elongated

magnetostrlctlve or plezoelectrlc

member

an apparatus that permits - the use of a‘

"

control 'strategy that .can throttle fuel

flow and reduce valve seat wear. . The

ablllty to control the lift. dlsplacement

permits reduced injection. at lower loads

and reduced pre mlxed burnlng For

example, u51ng a magnetostrlctlve or

piezoelectric .actuator,

the valve needle
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movement can be controlled between about
10% and 100%. - For lower load conditions’
it is 1mportant to be able to reduce the
flow of fuel into the combustlon '
chamber, since excess fuel may not bé
combusted, resulting in. lower operating
efficiency and higher emissions. .

e improved manufacturability'is made
,poss1ble by the use of axisymmetric
cylindrical parts and few tight ™
tolerances between the 1njectlon valve'

components

o valve operatlon is 1mproved 31nce the
actuatlng assembly permlts greater
control of the. valve needle. . For
example, the, 1njectlon valve may be used
to inject a gaseous or lquld fuel.

When the fuel is gaseous, there is a.
greater need to slow down ‘the valve
needle upon .closing because there is no
liquid fuel to dampen the impact of the
valve needle on the valve. seat.. By
'shaplng the control pulse waveform
applied to the actuator it is p0851ble
to slow down the c1051ng of the
1njectlon valve to reduce 1mpact on the
valvé needle and the valve seat.

Whlle partlcular elements, embodlments and

appllcatlons of the present invention have been
shown ‘and descrlbed it w1ll be understood of-

course, that the invention is not llmlted thereto

bs1nce modlflcatlons may be made by those skllled
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in the art.without‘departing from the spiriﬂ"énd”'
scope of the present disclosure, particularly in-~
. light of the foregoing teachings. - ‘ o
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What is claimed is:

0,

.1nto a combustlon chambdr of an internal

-comprising:

(a)

An injection valve for ihjecting fuel -

-combustion engine, said{injection valve

a valve housipg comprising:

a fuel iplet port;. .

an interfior chamber fluidly
connected tolsaid fuel inlet port;

a nozzld comprising a nozzle ' '
orifice brov-ding a fluid passagezfrom'
said interiot chamber to sald combustion
chamber; o S
a valve needleldiapesed vithinjsaid

valve housing whereih-saidfvalve‘needle,
is movable hetween‘a-cloeed pdsitidn‘at
which a sealing end of said valve needle
contacts a Yalve seat to fluidly. seal -
said 1nter10r chamber from said nozzle
orlflce,‘and an open, p081tlon at.which

said séalinQ'end of said valve needle is

spaced apart from sald valve seat

whereby sai interior: chamber is- fluldly
connected with said nozzleeerlflce,
wherein valv ﬁeedle,llft_eqﬁals the
dlstance trayeled by‘said'eealing énd
away . from said Valve seat _
alneedle spring associated w1th said ,
valve ﬁeedle wherein said ne€edle sprlng:

applles a clo ing force to sald valve
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sing said valve needle in
Sition}_ '
an actuator agsembly associatéed with
said valve negdle, wherein said actuator
assembly may pe éctivé;éd to ‘apply an
opening force to said valve needle
stronger thay said closing force, for
" moving said yalve needle to said open
position; an o . ,
(e) a hydraulic flink assembly cOmprising'a
“ hydraullc link having a flu1d thickness
through whigh said openlng and 01051ng
forces are‘Lransmltted 'wherein sald
.thickness oE sdid - hydraullc ‘link is’
adjustable in response to changes in the

" dimensionall relationship-beEWeen'

components of sa1d 1njectlon valve to . ..
maintain a des1red valve needle llft
when said actuator assembly 1s

" activated.

2. The injectjon valve of claim 1 wherein

said thickness of sai

d hydraulic link is’auto-.
to changes. in said _
dimensional relations ip caused by differential

thermal expansion.

"3, The injection valve o£451aim 2 whérein
said thickneés of said hydraulic link i$<aut0}
adjustable in respons to changes in said
dlmens1onal relatlons;lp caused by wear to

components' of said injection.valve.
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az&' The 1n'ection valve'of claim 1 wherein::.f*d |
said hydraullc l:nk“assembly comprisee a sealed '
hydraullc cyllndér, with a piston and hydraulic

5 fluid dieposed w%thin said hydraulic cylinder.

\””7"’ : 5. The injection valve of élaim 4 wherein7,'

said piston is an integral part.of,said.valve

needle.
10 ' .
6. The 1njectlon valve of clalm 1 where1n~
. - said actuator assembly comprlses a
;5 magnetostrlctlve member or a plezoelectric'stacki
;? . A : ‘ :
%{ 15 . 7. The 1njectlon valve of clalm 1 whereln
ii | © said actuator. assembly comprises.a
%f 'magnetestrlctlve‘memberi an eleetrlc coil disposed
%i ~around said magnetostrictive member‘and'a flux
2 . tube disposed' around said electric. coil.
i 20 e o | |
EE T 8. ° The injection valve of claim. 7 wherein
§§ , - -sald actuator assembly is dlsposed W1th1n sald .
= | 1nterlor chamber. ' '
25 9. The,injection valve of elaim 8. wherein
.sald actuator assembly 1s tubular and dlsposed
W1th1n an annular space around a cyllndrlcal
portlon of said valve, needle. '
30 E 10. The 1nject10n valve of. clalm 9 whereln

one end 6f 'said tubular actuator assembly is

7
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housing.

supported by a pole that 1s attached to said valve

11. The 1njectlon valve of clalm 6 whereln

when sald actuator assembly is controllable to =

.control sald de51red llft to between ‘10 and 100

~?12. The 1nject10n valve of clalm 11, whereln

-sald lift is controllable by controlllng the -

electrlc current dlrected or voltage applled to

said respective magnetostrlctlve or plezoelectrlc 3

actuator assembly.

13. The 1njectlon valve" of clalm 7 whereln

said magnetostrlctlve member comprlses a metal-

and iron.

alloy comprlslng the elements terblum, dyspr051um,

14. The 1njectlon valve of cla1m 6 whereln'

said valve needle is controllable to move between y,e

said open and’ closed p051tlons in- less than ‘about

200 mlcroseconds

15. The injection valve of claim 6 further N

comprlslng a compre551on spring member for‘

-applylng a compre851ve force to sald

'magnetostrlctlve or piezoelectric member.

16. The injection valve of claim 15 wherein

said compress1on sprlng member comprlses at least

one disc spring.

’Mercedes E‘X1005' Page 790f 175
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17. The 1njectlon valve of claim 1 whereln'
said fuel 1s a gaseous fuel '

18. The 1njectlon valve of clalm 1 whereln )
said fuel is injected into said combustlon chamber
at a pressure greater than about 2000 ps1 (abdut
13.8 MPa) . '

19. The 1n]ectlon valve of clalm 1 wherein

- said valve hous1ng comprlses ‘a plurallty of parts

which are jolned.w1th each other to prdvide a
fluidly sealed body.

20. ‘The injectiodn valve”of'claim 1 wherein.
said'valve,housing, said valve'neeﬁle,'and saidf

actuatorﬂassembly, are selected from materlals

,w1th similar thermal expans1on coeff1c1ents to

reduce changes in the d1mens1onal relationship

‘between sald components caused by changes in

temperature. o . . - :
3. An injeCtion-valve~for injecting fuel
into a combustlon chamber of 'an internal )
combustlon englneﬁ said - injection valve
comprising: ' e '
(a) a valve hous1ng comprlslng
‘a fuel 'inlet port; -
an 1nterlor chamber fluldly
~connected ‘to sald fuel’ 1nlet port
a nozzle compr1s1ng a. valve seat

and a nozzle or1frce,prov1d1ng a flu;d

. - wy 3 : l .
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paSsageffromisaid.interior'chamber to
said ‘combustion chamber ;
(b) a valve needle comprising a cylindrical
portion having a seallng end and a.
5 'plston portion having a. pre load end
' sa1d valve needle-dlsposed within sald
valve hous1ng whereln said valve needle
C ‘ \1S\movable between a ¢losed p081t10n at
| which said seallng end contacts sald o
10 - -'valve-seat to fluldly seal said interior
’ | chamber from sald nozzle orlflce, and an
open position at which: ‘said seallng end
is spaced apart from said valve seat
whereby said interior chamber is fluldly
.15 o " connected w1th said nozzle orifice,
wherein valve needle lift equals
.dlstance traveled by said seallng end

away from said valve seat;

(¢) - a needle spring assoc1ated w1th sald

%: ‘ 20 pre load end of sald valve needle,
,E wherein said needle sprlng is compressed
. to apply a c1051ng force to sald valve

e

needle for. b1as1ng sald valve needle i
‘ sald closed position; '
25  (d) an actuator assembly that may be
o " activated to apply an opening force to
said valve needle that 1s stronger than ,
said closing force, for mov1ng sald‘
valve needle to sald,open\position, said.
30 - , - actuator assembly comprising:'
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\ a tubular magnetostrictiVe member
disposed around said cyllndrlcal portion
of said valve needle;

an . electrical coil dlsposed around
5 sald magnetostrlctlve member ;
‘ a flux tube dlsposed around said
electrical c01l and '
a support for Sald actuator
assembly that acts as a pole and
10 g prov1des a fixed position for one énd of
‘ said magnetostrictive member relative to
said valve housing; and
(e) a hydraulic link assembly comprlslng a
. sealed hydraullc cyllnder dlsposed about

15 said piston portlon of said valve

needle, 'a hydraulic fluld disposed

w1th1n said hydraullc cyllnder wherein

i s

,....,
&

£l
ol

said opening and closing forges,applled

iy a
guis

A

to said valve needle are transmitted

it

HE

Henf 3y

20 | through a thickness of said hydrauliC~'

-

flu1d ‘whereby said hydraullc fluld acts

as a hydradulic link and said thlckness

T3
Fhaeud®

is automatically adjustable in response
to changes in the dimensional
25 : . relationship between components of sald‘
| 1njectlon valve to maintain-a de51red_
valve needle lift when sald actuator
assembly 1s actlvated '
M o ' SR G 4 -
30 ‘22. The injection valve of claim N further

comprising a compression spring member for:

5/
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applying a compress1ve force to sald

magnetostrlctlve member

: 5™
Jo 2

.23

The injection. valve of clalnléi whereln

said magnetostrlctlve member comprlses a metal

alloy compr1s1ng the elements terblum, dyspr031um,v‘

and iron.

pll

VS

A method of us1ng a shaped waveform to

control .an 1njectlon valve that employs a.

'magnetostrlctlve or plezoelectrlc actuator

~assembly, sald method compr1s1ng, in sequence

(a)

‘ 1n1t1at1ng an 1n3ect10n event by

applylng ia control pulse and
acceleratlng valve openlng by ra1s1ng
the value ‘of said control pulse to a
spike value that is greater than the’

vaiue - requrred for the desired lift;

“reducing Said‘control pulse from said - , SRR
) splke value to a value- that 1s needed to.

Z'Iprov1de sald desired Tift;

'pos1t1ve value to slow down valve

reduc1ng said control pulse to a

- negative’ value ‘to accelerate valve

clos1ng,

1ncrea81ng sald control pulse to a

c1031ng to reduce the. impact force of a
valve needle on a valve seat and
reduc1ng sald control pulse to. zero to

close sald valve

> Z:;j,;,.
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>&. The method of claim 84 further
comprising, after 1ncrea51ng sald control pulse to
said spike value, momentarlly reduc1ng said
control pulse to a value that is lower than the.

'value that is needed for the de31red llft

A : W
6. The method of claim 24_where1n said

spike value is up to about an order. of: magnltude‘
higher than the value needed for the desired lift.
N - A

2% The method of claim 24 wherein said
control pulse is a modulated ourrent‘directed to
an electrlc coil of an actuator assembly that

comprlses a magnetostrlctlve member
30 - - -‘f’;.;up' o
28. The method of claim 24 wherein said
ontrol pulse is a modulated voltage applied to a

piezoelectric stack of an actuator assembly

3 " . e o
. The method -claim ™ wherein the time

needed to move said valve needle between a closed
position- and a desired open p051tlon may be as
short as about 172 mlcroseconds.
2 . .
™Q. The method clalntﬁq_whereln the tlme
needeéd to move sald valve needle between ‘a closed

pos1tlon and a de51red open p051t10n may be as

”short as about 250, mlcroseconds

Mercedes EX1005, Page 8410f 175.
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Attorney Docket No. 12541US02

DIRECTLY ACTUATED INJECTION VALVE

A directlv actuated.injectioh valve
cdmprises'a hollow valve housing, a valve
needle disposed within: the hollow interior, a
needle spring, an actuator assembly,,and'a
hydraﬁlic-link assembly. The valve neédle is
movable between a closed position and an open
position for- governlng the flow of fuel into
the.combustlon‘chamber of an internal |
combustion. engine.: The'displaCement of the:
valve needle from the closed pos1tlon 1s
defined as the llft ' The a needle. sprlng
biases the valve rieedle 1n the closed p051t10n.
The actuator assembly generates an opening .
force that acts agalnst the needle’ sprlng to
open the valve. The hydraullc llnk assembly 1s o
1nterposed between the valve needle and the ’
needle spring and the actuator assembly The
hydraullc link . assembly transmits. respectlve
closing and openlng forces to the valve needle

~ The hydraulic llnk preferably comprlses a

piston disposed. w1th1n a cyllnder that is
filled w1th a hydraulic fluid.  The openlng and
clos1ng forces are. transmltted through a
thickness of the hydraullcifluld that .is
trapped between thé planar surfaces of the
piston'and‘the‘head and base of the hydraulic
cylinder In the preferred embodiment: the
thlckness of the hydraullc fluld trapped
between the piston and’ cyllnder head or base is
automatlcally adjustable in response to changes

in the dlmens1onal relatlonshlp between

’
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components of the injection valve to maintain a
“,gﬂgi‘t ' desired'vélvé ﬂeédléulift when”the actuator’
| ) aSsembly.is activated. When the actﬁé;or
35 assembly comprises a magnetostrfctivezqf"‘
‘piezoelectric member, the movements of the
valve needle can be controlled by the |
application of a shaped éontrol pulse or - -
waveform to improve the speed of the opening
40 and ciosiﬁg motion of the valve needle, énd“to
reduce the\impéctfof'the valve needle on the

valve seat upon closing.

o]

E'ﬂ‘:@\ n? .PME‘E ..E-: :‘i‘ ! ar : cuem ot '.,= i
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_ NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED-UNDER 37 CFR 1.53(b)
-Frling Date 'Gra‘n'ted

An apphcatron number and filing date have been accorded to this application. The item(s) mdrcated below however

- are missing. Applicant is given- TWO MONTHS from the date of this Notice within which to file all required items and .
pay any fees required: below to avoid abandonment. Extensions of time may be obtained by fi Img a petmon

, ‘accompamed by the extensron fee under the provrsrons of 37 CFR 1. 136(a)

. The oath or declaratron is mrssmg ‘ ‘ s '
‘A properly srgned oath or declaration in compllance with 37. CFR 1.63, ldem‘/fy/ng the app//cat/on by’ the
above Application Number and Filing Date, is required.
* To avoid abandonment, a late filing fee or oath or declaration surcharge as set forth i rn 37.CFR 1. 16(e) of
. $130 for a non-small entity, must be submitted with the mrssrng items identified in this letter. -
* The balance due by applrcant is $ 130 ‘

A copy of thls notlce MUST UST be returned with the reply
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L PATENT
-~ Attorney Docket ‘No. 12541US02"

Lo "IN THE UNITED STATES PATENT Aﬁb TRADEMARK OFFICE

PATENT APPLICATION OF: CERTIFICATE OF MArLING
I hereby certify that this
correspondence is being -
deposited with the United -
States Postal- Service as -
first class mail, postage
prepaid, in-an énvelope

- addressed to: Assistant . -
Commissicdner for Patents,
Washington, D.C. 20231, on
this date:” June 14, 2000.

ALAN B. WELCH, TRAWAN
RAHARDJA and MIKE HEBBES

SERIAL NO. 09/522,130
FILED: March 9, 2000

FOR: DIRECTLY ACTUATED
INJECTION VALVE °,

GROUP ART UNIT: _ | B

EXAMINER: B. Hines

Robert W. Fieseler
‘Registration No. 31,826
- Attorney for Applicant(s) -

et Nt M Mt e et S M M e Mt e e St et e S

RESPONSE TO NOTICE. TO FILE-MISSINGVPARTS'

Box Missing Parts L . .
Assistant Commissioner For Patents
Washington, D.C. 20231

Sir:

In response to the Notice To File Missing Parts Of
Application dated May 17, 2000 (return copy enclosed), enclosed
is the executed Declaration and Power Of Attorney for the above
application. Also enclosed is a check in the amount of $130.00'

to cover the surcharge due for a laige entity.

‘ Mercedes EXj1005,.Page 99%0of 175
' Mercedes v. Westport
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Please'charge,any.additional fees, or credit any
overpayment, incurred in connection with this submission to
Deposit Account No. 13-0017.

vRespéctfuily submitted,

Attorney For Applicants

. McANDREWS, HELD & MALLOY, LTD.
500 West Madison Street, 34th Floor
_Chicagq, Illinois 60661 '

Telephone (312): 775-8000 ' * - | S
Facsimile (312) 775-8100 . ‘ SR

Date: June 14, 2000
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IIII\IHIIIIIUIIHIIIMIIlﬂllIlIIIllllllﬂlllﬂlllllllllllllIlIIlIIIlllll!lllllllllﬂrlllll Address: COMMISSIONER OF PATENT AND TRADENARKS
'0C000000005123383' ' Washmgon D.C. 2023 l
_ APPLICATIONNUMBER | ﬂumf%écsf??f*?? ' 'F‘_"fft NAMED APPLICANT ) RTTORNEY DOCKET NVEER

09/522,030 . 03092000 -  AlmBWelch .. 12541US02

McAndrews Held & Malloy LTd
500 West Madison Street 34th Floor
_Chicago, IL 60661

Date Mailéd: 05/17/2000

- NOTICE TO FILE MISSING PARTS 0& ROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)

Filing Date Granted )

< An apbhcatlon number énd filing date have been accorded to 'thls'appllcatlon The item(s) indicated below, hoWever
are mrssmg Applicant is given TWO MONTHS from the date of this Natice within which to file all required ntems and
pay any fees required below to avoid abandonment. Extensnons of time may be obtalned by filing a petmon
accompanled by the extensnon fee under the prowsuons of 37 CFR 1. 136(a)

o The oath or declaratlon is. missing. '
. A properly signed oath or declaration in compliance with 37 CFR '1.63, /dentlfy/ng the appllcat/on by the _
above Application Number and Filing Date, is required. ‘

s To avoid abandonment a late filing fee or oath or declaration surcharge as set forth in 37 CFR 1. 16(e) of

$130 for a non-smali entity, must be subritted with the mlssmg items’ ldentlfed m this letter:
* The balance due by appllcant is $ 130. :

A copy. of this notzce M UST be returned wzth the reply

//ﬁééi {7%2X/414/7/7 £

Customer Serice énter '
Initial Patent Exammanon Dms;on (703) 308 1202

PART 2 - L()PY TO BE RETURNED WITH RESPON\E o B < )
06/21/2000 KKORGMA 00000096 09522130
01 FC:l03 - 130.00 0P . .
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_Attorney Docket No. 12541US02

As,a below—named inventor,'Ijhereby declare thati'

. My residence, post offldg(address and c1tlzensh1p are
as stated below next to my name !

I belieVe that'I'am.the original inventor (if only one
name is listed below) or an original, first and joint inventor
(if plural names are listed below) of the. subject matter which is
claimed and for which a patent is sought on the invention
'entltled

: DIRECTLY‘ACTUATED.INJECTIOﬁ‘VALVEj

the specification of whlch was filed as. U S. Patent Appllcatlon
Serial No. 09/522,130 - on March 9, 2000.

L,
, I hereby state that I have rev1ewed and understand the
contents of the above- 1dent1f1ed spec1f1cat10n, 1nclud1ng the ‘
claims. I acknowledge the duty to disclose information which is
‘materidl to the examinatiomof this, appllcatlon in. accordance
w1th Title 37, Code of Federal Regulatlons, Section. 1. 56(a)

I hereby claim forelgn prlorlty beneflts under Tltle
35, United States Code, sectioén 119(a)-(d) ‘or section 365(b) of
any foreign application(s) for patent or inventor's certlflcate,
or section 365(a) of any PCT international application which .
designated at least one country other than the United States of
America, listed below and have also 1dent1f1ed below any foreign
.application(s) for patent or. inventor's" certlflcate or any PCT

' international appllcatlon(s) deSLgnatlng at least one country

' other than the United States of America filed by me on the same
subject matter having a filing date before that of the '
‘applicdtion on .which priority is claimed:

NONE .,
I hereby claim the benefit under Title 35, ‘United
States Code,  section:119(e) of any: Unlted States provisional

appllcatlon(s) listed below:

U.s. Provisional Patent Application"
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Serial No. 60/159, 791 filed October 15, 1999p

I hereby claim the beneflt ‘under Title 35 United
States Code, . section 120 of any United States appllcatlon(s), or
section 365(c) of any PCT international appllcatlon de81gnat1ng
the Unlted States of America, listed below and, insofar as the
sub]ect matter of each of the claims of this appllcatlon is not
disclosed in such prior application(s) in the manner prov1ded by
the first paragraph. of Title 35, United States Code,. section 112,
' I'acknowledge the duty to dlsclose material 1nformat10n as
defined in Title 37, Code of Federal Regulatlons, sectlon 1. 56(a)
which became available between .the filing date of. the prior
‘appllcatlon(s) and the national or PCT 1nternatlona1 f111ng date
of thlS appllcatlon - :

I hereby app01nt-

George P. McAndrews : , Reg;‘No; 22,760

John.J. Held- ~ : Reg. No. 21,061
Timothy J. Malloy = ~ - Reg. No. 25,600
William M. Wesley - - Reg. No..26,521
‘Lawrence M. Jarvis ‘ Reg. No. 27,341
Gregory' J. Vogler " . - Reg. No. 31,313
Jean Dudek Kuelper " 'Reg. No. 30,171
Herbert D. Hart III ' Reg. No. 30,063
Robert W. Fieseler - . Reg. No. 31,826
D. David Hill - ' * Reg. . No. 35,543
Thomas J. Wimbiscus -~ . Reg. No. 36,059

. Steven J. Hampton ' Reg. No. 33,707
Priscilla F. Gallagher -~ Reg. No. 32,223 .
Stephen F. Sherry: . . Reg. No. .30,5%0 .
Patrick J. Arnold Jr. . -  Reg. No. 37,769
George Wheeler s _ Reg. No.. 28,766
Janet M. McNicholas - ©° Reg. No. 32,918
Ronald E. Larson’ . Reg. No. 24,478
Christopher C. Wlnslade - . Reg. No. 36,308
Edward A. ‘Mas II , = Reg. No. 37,179
Gregory C. .Schodde ‘ Reg. No.. 36,668
Edward W. Remus o . Reg. No. 25,703
Donald J.-Pochopien . - Reg. No. 32,167
.Sharon A. Hwang . Reg. No. 39,717
David D. Headrick " - . Reg. No. 40}642

- Dean D. Small . o " Reg. No. 34,730
~Alejandro Menchaca = Reg. No.. 34,389
Kirk A. Vander Leest | Reg.. No. 34,036 .
Richard T. McCaulley,, Jr.. Reg. No. 41,977

-2~
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Anthony E. Dowell . ’Reg.“No; 39,661 .

Peter J. McAndrews © -Reg. No.. 38,547
Michael B. Harlin : : Reg. No. 43,658
~ "Johathan R. Sick . . Reg. 'No.. 43,920 |
.Krista S. Schwartz " . Reg. No. 42,134
Eligio C. Pimentel - .. Reg. No. 42,076
John F. Nethery: N " 'Reg.. No. 42,928
Alison L. Pollock . . . Reg. No. 43,863
James Nuttall - Reg. No. 44,978
James P. Murphy & o Reg. No. 40,741 .
Dean A. Pelletier = . = " Reg. No. 45,007
- Joseph M. Barich . Reg. No. 42,291
. Scott P. McBride = - ‘Reg. No. 42,853
" Patricia J. McGrath : Reg. No. 44,919
Andrew M. 'Everest. A : Reg;~No' 44,674

the address and telephone number of each of ‘whom is M¢Andrews,
Held & Malloy, Ltd. 500 West’ Madlson Street, 34th ‘Floor, -
Chicago, Illinois 60661 (312) 775-8000, as our attorneys with
;fulllpower of substitution and revocation to prosecute this

" application and to transact all business in the Patent and
Trademark Office connected therewith. '

Please direct teleohone calls to Robert W. Fieseler at
(312). 775-8000. Please direct facs1m11es to ‘Robert W. Fleseler
at (312) 707 9155 or (312) 775~ 8100 ' -

Please address correspondenoe to:

Robert .W. Fleseler

McAndrews, Held & Malloy, Ltd

500 West- Madison Streéet, Sulte 3400
- chlcago, IllanlS 60661 '

‘I hereby declare that all statements made hereln of our
own - knowledge are true and that all. statements made on :
information and belief are believed. to be true, and further that
these statements were made with the knowledge that willful false
statements: and ‘the like so made are punlshable by fine or
1mprlsonment or both under Section 1001 of: Title 18 of the.
United States Codeé and that such willful false statements may
Jeopardlze the va11d1ty of the appllcatlon or any patent 1ssued '
thereon. : :
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Inventor's signature C::22225?7'
. l '

Residence Address: 2828 West 34" Avenue

Full name of third.inVentqr: Mike Hebbes

Full name of first inventor:_ Alan B. Welc

‘Date: Z@% .M/M of

. Vancouver, British Cclumbia;:Canada V6N 2J6

Citizenship: Canadian

Post Office Address: Westport Research Inc o

1691 West 75" Avenue = :
Vancouver, British Columbia, Canada V6P 6P2

Full -name of second inventor: Irawan Rahardja

'Ihventor's signature LYY%UM&M& f%thﬁfé%m-Date March 20 2000

' Residence Address:- Suite 401 - 1945 Barclay Street

Vancouver, British Columbia,. Canada V6G 1L2

- Citizenship: Canadian

Post Office Address: Westport Research Inc.
: 1691 West 75" Avenue 4 :
Vancouver - British Colvmbla, Canada V6P 6P2

pate: O c?j?;5749

Residence Address: Apt. #415,-600 Drake Street' , R
' . Vancouver, British Columbia, Canada V6B 5W7

Inventor's signature

Citizenship:fCanadian

. Post Office Address: Westport Research.Iné.

1691 West 75 Avenue . o
Vancouver, British Columbia, Canada V6P 6P2
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o ‘ PATENT
- ‘Attorney Docket No. 12541US02

IN THE UNITED STATES‘PATENT AND'TRADEMARKtOFFICE

_ PATENT APPLICATION OF: CERTIFICATE OF MAILING
. ALAN B. WELCH,

' IRAWAN RAHARDJA and
MIKE HEBBES

I hereby certify that this
. correspondence is being
deposited with the United
. States Postal .Service. as
. first class mail, postage
. prepaid, in an envelope
addressed to: Assistant
. Commissioner for Patents,
Washlngton, D.C. 20231 on
;thlS date o

SERIAL NO. 09/522,130
FILED: MARCH 9, 2000

' FOR: DIRECTLY ACTUATED
INJECTION VALVE

‘GROUP ART UNIT: 3747 .

| o - July mi-,"z‘coo
EXAMINER: Not yet assigned o

Robert W. Fleseler
Reglstratlon No. 31, 826
Attorney for Appllcant( )

-
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INFORMATION DIQCLOSﬂRE STATEMENT

Assistant Commissioner for Patents’
Washington, D.C. 20231

Dear Sir:

» Appllcants submit herewith a copy of each of the

follow1ng references for consideration’ by the u. S Patent and

-

Trademark Office in connection with the.above’applicationf'ﬂ

o .MekedesEX1005,Page106@f175'
K Mercedes v. Westport
IPR2023-00352



. U.S. Patent No. Inventor(s) . Issue Date

4,158,368 . . Clark - 06/79

4,725,002 . Trachte - - . 02/88
5,031,841 - Schafer - 07/91
5,035,360 ' Green et al. =~ - 07/91
5,779,149 , ‘ Hayes, Jr. - 07/98
5,819,710 , Huber : 10/98

5,845,852 © 'Waldman et al.  12/98

The above referenceé;are listed on the enclosed Form PTO-

. 1449 entitled "Information Disclosurelcitation“"

‘Concise Explanation of The
RelevanCe of the Cited Reference

Clark U.S. Patent No. 4,158,368 discloses a
magnetostrictive valve for.contfoliing'the-flow of fl@ids"
which includes a cylindrical<houSing, a"tapéfed.pldnger,‘ahd a

magnetizing means. .

'T}ééhte Ugs,.Patgnt No. 4,725,002 diS;losesla'measuring
valve for dasing liéuidsuor gases in thch the ﬁege;iné valve
emplo&s a piezoelectric‘control member aﬁd i#‘which éleCtriéal'
excitation tfansfers changes in ieﬁgth‘of‘thejcontrol mémber
td the valve element. The aisclosed vqlYe;is'described\aé‘f
neutralizing slow changgé due ' to témperéture,lweér‘and 1

manufacturing tolerances.

Mercedes EX1005, Pa§e>1'07=of' 175
: ’ Mercedes v. Westport-

IPR2023-00352



Schafef U.S. Patent No.ﬂ5;031,841 discloéesﬂa‘métering‘

valve, particharly a fuel injection valve, which includes a:

'nbzzle opening, ‘a spriﬁg“diaph;égm}Zan*inlet in the housing

1

“fdr introdhding'pfessuriéedffluid solely in the second

:phamber,_and é valve‘néea;e:

Green et al. U.S. Patent No. 5,035,360 disélésés an

electrically actuated géSeogs fpei timing .and metering dévicé

that includes a cyiindficai‘sdlenoid cavity, an injectox?tip,

v

 ‘anelongate pintle, an eleétrically:éCtuaféd'ﬁultipolg

e

solenoid and an armature.of ferromagnetic material for the

solenoid.

'Hayes, Jr. U.S. Patent'No,,5,779,149Vdisclbses a.
piezoelectric controlled common.rail injector with hydraulic

amplification of the pigzoélectrf¢ stroke in which a hydréﬁlic

A

'amplifier”iﬁcreéses the stroke of the piezoelectric actuath "

andlqompensates for.toleranCe:and'éhifts due to temperature

and wear.

Huber‘U.S.;Patent'No;'5,819;710'disclbsespaFSerﬁo valve .
for an injection'nozzle‘thatginplgdes a>houéing‘héving a valve

chamber, a high-préssure opening, a connecting and return

P
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opening, a first and second seat, a valve member and an,

actuating means.

Waldman et al. U,s}*Péténﬁ No. 5,845;552'disclosesa”
.direct operated check injeptorlthat iﬁcludes éﬁAinjectof:body
.assembly, a thrée-way'contrdthélve,'a'éheck dispoééd'in the
‘injector body assembly, an actuator andlan injector thch

. includes a clearance‘fit.located in the control‘yélveu

This Information Disclosure Statement is being.submitted
before the receipt of a first office action on the merits of the.
‘above application. Please, charge any fees incurred in

" connection with this submission to Deposit Account No. 13-0017.

,Respectfullyusubmitted,

. .Robert W. Fieseler

Registration No. 31,826
Attorney for Applicants

McANDREWS, HELD & MALLOY, LTD. °
500 West Madison Street, 34th Floor
Chicago, Illinois 60661

Telephoneﬁ © (312) 775-8000
‘Facsimile: (312) 775-8100

Dated: \)u\\( \1,200@

-4-
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. | ' L Sheet1of 1 -
Form PTO-1449 . U.S. DEPARTMENT OF COMMERCE | ATTY.DOCKETNO. _ | SERIAL NO. ‘
(Rev. 8-83) PATENT AND TRADEMARK OFFICE 125410802, 109/522,130
(mod1ﬁed)
INFORMATION DISCLOSURE C 'Aﬁ(bbo AFPLICANTOr
Welch
(Use several sheets if necessary . ‘
3 ‘/(’1 1¢, - 6| FILINGDATE . GROUP ART UNIT:
5 "2 &) | March 92000 ) | 3747
Y . : )
W, |
- U.S. PATENT DOCUMENTS - , . :
, ‘ S L ' ' .~ | FILINGDATE
EXAMINER | DOCUMENT NO DATE NAME CLASS | SUBCLASS | @ IF o
INITIAL o o . APPROPRIATE i
, 4 158 368 06/79 Clark - | 137 | 487.5 . |
Pt 14,725,002 - - 02/88 Trachte. ~ .~ - |239 1022 . -
] 5,031,841 ~ - 07/91 . -|Schafer - . 1239  |585
. - 15,035,360 07/91 Green-et al. 239 -~ 1585
], 5,779,149 .~ | 07/98 Hayes;.Jlr‘-._‘ ' 239 j124
ll. / 5,819,710 10/98 Huber | 123 - 1498
- 5,845,852 . - | 12/98 ‘Waldman et al. 239*‘ . 1533.8
£ — : :
FOREIGN PATEI)LT DOCUMENTS |
'EXAMINER DOCUMENT NO. PUBLI(?N/ COUNTRY | CLASS | SUBCLASS TRANSLATION
INITIAL - o DATE ~ ‘ o R
\ . YES _ NO
OTHER DOCUMENTS (Including_Author, Title, Date, Pe‘ljtihent.Pagés, Etc.)
a o o
/ 2= |
// RN
A T2 5
e
.

il p}m 7

- I‘)ATECONSIDERED 3/[?/5/

*EXAMINER: Inifiallc rf considered,
considered. Include copy of this form with

ext commumcanon to apphcant

~

{J:eﬁef or not citation i in conformance w1th MPEP 609; Draw lme through citation if not in conformancc andnbt
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S o 'PATENT
Attorney Docket No. 12541USO2

IN THE UNITED STATES PATENT AND' TRADEMARK OFFICE ,

PATENT APPLICATION OF: CERTIFICATE OF_MAILING

ALAN B. WELCH, ,
~ IRAWAN RAHARDJA and
 MIKE HEBBES

I hereby certify that this
correspondence is being ' |
deposited with the United
States Postal Service as
‘first class mail, postage
prepaid, in an .envelope
‘addressed to: Assistant
Commissioner for Patents,
" Washington, D.C. 20231, on
this date:

SERIAL NO. 09/522,130
FILED: MARCH 9, 2000

~ FOR: DIRECTLY ACTUATED
INJECTION VALVE

GROUP ART UNIT: 3747

"]a/w.Q\ \2 200 |

o

Robert W. Fleseler
Reglstratlon No. 31,826‘
Attorney for Applicant (s)

EXAMINER: Not yet assigned

SUPPLEMENTAL INFORMATiON DISCLOSURE‘STATEMENT

Assistant Commissioner for 'Patents
- Washington, D.C. 20231

L
Sir:

WOOY TIVW 00L€ 1
1002 g1 YW
A3AIF03Y

Applicants submit herewith a copy of each of
foliowing referenqes for consideration .by the U.S. Patent and

Trademark Office in connection with the abévevapplicationf
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- U.8: Patent No. Inventor(s) . issué Date
74,813,601 ~ Schwerdt et al. . 03/89
5,697,554 . - Auwaerter et al.. 12/97
5,875,764 - . Kappel et al. ©03/99
6,062,533 . Kappel et al. 05/00"
Foreign Patent No. ' Country . - - Publication Date
WO 85/02445 "~ PCT .06/85
09-324723 Japan 12/97
10-009084 - ~ Japan - 01/98
2 321501 . ° '~ Great Britain ° 07/98
0 869 278 EPO E 08/98
197 27 992 ' Germany - 01/99

'The above references are listed onithe enclosed Form PTO-
1449 entitled "Information Disclosure Citation.™"

§

concise Explanation of the
Relevance of the Cited Reference(s)

Schwerdt et al. U.S.iPa;ent.ﬁo. 4;513,60; w5s'éited in the -
International ‘Search Report iésued.in-qopﬁeepiqn with the
PCT/Ihpérnational'application,'No. PéT/éAOé)OliSéV(copy enqidséd
herewitgf; wﬁiéh corréspéndé;to the pfeéen; éppliéaﬁion;":ihg'::
Internétiohél Search Report seté.fofth‘thé:relévénde of tﬁé :

'referenCefin the view of the'fnternational Séapéhing'Authérity.

Auwaerter et al. U.S. Patent No. 5,697,554 waé‘cited~in

the International Séarch Report issued in connection with the .

. .'Mercede's EX1005, Page 11}‘2 of 175
‘ . Mercedes v. Westport
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ﬁPCT/Internatlonal appllcatlon, No PCT/CAOO/OllSG (copy enclOSed
‘dherew1th) wthh corresponds to’ the present appllcatlon The
International Search Report&sets forth-the¢relevancevof'the

reference in the view of the Internatiqpal Searching Authority.

Kappel'et al. U.S. Patent No. 5,875;jd4 d;scioses an
apparatus and method.for vaive controi.*‘The ?slre has a;piezo
" actuator or a msénetostrictive actustor.- Thenfluidhis'containedz'
in an unsealed hydraulic chamber and trsnsmits-actuation.forces

from the actuator to the valve needle.

Kappel et al. U.S. Patent .No.”s,062‘,"l7‘64'discioses an
apparatns and method for valve‘control.,-The primary drive, a
piezo‘actnator; guided in-é first bore; trsnsfers.its stroke
' Lmotion ontota seCondary—side.lifter element in a seoondary'bore
whichlthen-transmitsiits:stroke by meanslof a.hydranlic:4

transmission.

PCT/International'Publication No;dhd 85/02445‘Was Cited in _l“
“the Internatlonal Search Report 1ssued in connectlon w1th the
PCT/Internatlona1 appllcatlon, No. PCT/CA00/01156 (copy enclosed :
.herew1th)( Wthh corresponds to the present appllcatlon The

International Search,Report sets forth the relevance of the

. Mercedes EX1005 Page 1130f 175 :
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" reference in the view of the International Searching Authority..

'Jépénese Patent Pdﬁlicat;gn No. 09-324723 wés';itéd'in‘;he :
International Seafch Réport issugd inconnection.with'the |
' PCT/Internatioﬁél applicgtién, No. PCf/CAOb/61156 (copy éﬁélosed'
heféﬁith), which corfesponds to. the preéenﬁ applicatidn. The
¢Iﬁternati0na1:Search'Report sets‘forth‘thelrglevance of the‘

i

reference in the view of the International Searching'Authority.v

| nJapaﬂese‘Pateﬁt Publication ﬁé.“105009084 wasxéited‘in the
|  £ntérﬁational Séafch Report.i;suédvin.éonnection:wiﬁh the -
PC?/intérnétional application,. No. PQT/Céob/blléé (copy enc16Sed
'herew%th), which corrésponds‘tohthe present.éppliéation.:JThe

interna;ional;Search Report sets forth the relevance of the

_.reference in the view of the International Searching Authority. .

B?itish Pateﬁt No. é 321 501 wéé Citéd in the International
Seéréh Report.iséued in coﬁneeﬁion Qith th¢ PCT/inEérnaﬁiénél'
application, Né. PCT/CAOO/OI}SS (copy,ehclésédlhereQith),'which»-
corfesééndslto the present apéliéation. The Intefnatiohai.
»sgarchnReport sets forth thg’?élevance'of thg réfefénce in theA

- view of the'Internétional Searching Authority.
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Européan»Petent Publication'Noi.OIBéé 273 wéeﬂcited'in'then
Internatienelisearch Repert iSsuedfiﬁ'coﬁqectioﬁ'wfthfthe& |
PCT/Iﬂte;natienai applieatioh,iNe} PCf/CAQQ/OliSG (cepy'eneloeedf
heteWith), Whtch'cerrespoﬁdstto’thelpresehtvapplicatiee}.:fhe
Intefnétional'éeerch Repoft<sete.fbrth tﬁe‘feieyaneemefftﬁe'

reference in the view ofthe International Searching’AuthOrity;.

‘.Germanépetent delicetion No. i97 27 9§2~Waeeeited'in'the.i
internatienaleSearchlReﬁprt issued. in ceﬁhection.With‘thei
PCT/IﬁtérnatiQnal eéplication; No. PCT/CAQO/éligé'kcepy entlpeed-
hetewith),,wﬁich corresponde to the preseﬁtlepﬁ}icetien;,‘The
Internetionel Search Report‘sete_fertﬁ the reievence oflth¢‘~
‘fefereneeﬂin the view of theTInterhatienai'Searchihg Aﬁthority.
Appllcants have not obtalnedla full text translatlon of the'

‘fGerman.language document but are w1111ng to obtaln and érovmdet_
".eueh‘a_trapslatlon upon request. |

iﬁis Supplemehtal'fnfer@atibn Disclbs@fefStaté%entiis’being -

‘submitteq befere the reéeiﬁt‘df a first office:aetion en'the |

’ meritsnofjthe.above applicationQ.'
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Please charge any fees incurred in connection with this
submission to Deposit Account No. 13-0017 in the name 6f_

'.McAndrews, Held & Malloy, Ltd. .

- Respectfully submitted,.

Robert W. Fieseler
‘Registration No. 31,826
{ 'Attorney for Applicants

Russell A. Garrison

McANDREWS, HELD & MALLOY, LTD. '
500 West Madison Street, 34th Floor
Chicago, Illinois 60661 '

Telephone: (312) 775-8000
Facsimile: (312) 775-8100

Daﬁed: “ !gﬁggi& ‘YZL,<ZJﬁCD3 '
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|l Form PTO-1449 .

. U.S. DEPARTMENT OF COMMERCE A-TTY. DOCKETNO. _ { SERIAL NO. R
(Rev. 8-83) ' PATENT AND TRADEMARK OFFICE 12541U502 . - 09/522,130 .
(modified) T ' ‘ . ‘

" | APPLI
INFORMATION DISCLOSURE CITATION | ™" CANT‘S’Welch otal
. (Use several sheets if necessary) , _ o
: ' - FIINGDATE | GROUP ART UNIT:
N March9,2000 - ~ |- - 3747

MARHM%J

Lo
7 onE§K

U.S. PATENT DOCUMENTS

: . . ; . B . 'FILING DATE
EXAMINER ‘ DOCUMENT DATE - NAME - - | CLASS |. .SUBCLASS L IF
INITIAL- NO. .. ) : : B APPROPRIATE
4 14,813,601 . 03/89 | Schwerdtetal. [239 |91
5,697,554 . 12/97 | Auwaerteretal. [239 |88
5,875,764 03/99 | Kappeletal. | 123 . | 467
6,062,533 - 05/00 . | Kappel et al. 251 |57 -
FOREIGN PATENT DOCUMENTS
EXAMINER DOCUMENT NO. | PUBLICATION COUNTRY . | CLASS | SUBCLASS TRANSLATION
INITIAL - : : DATE . . t . ’ ‘
. . . ' . s YES NO
A WO 85/02445 06/85 |PCT = | __— —[
1 ] | 09-324723 12/97- | Japan ° ol X (abstract)
VA | 10-009084 - 01/98 Japan = .| L | X (abstract)
~ 2321501 07/98 | GreatBritain | .. | -~ .
0869278 . |- 08/98 |EPO I
19727992 | -~ 01/99  [Germany | t——e . T~

OTHER DOCUMENTS (Including Atthor, Title, Date, Pertinent Pages, Eﬁ-.)’ - Lo
. . : . . ’; g 4 m . “
. o ® 9 |
N . " N A
' =z om )
"\ . . o ’ x —— S .
. . - . - - LD .
i ‘ — — %
EXAMINER ; /% ; M‘s ~ DATE CONSIDERE 8//\6 / / .
*EXAMINER: na( cnatifm %) ldcredﬂvhe‘fﬁ?c')r not citation is in conformance w1th MPEP 609 Draw line throuéh cmmon if not in conformance and not j
considered. Include copy of thls orm with next communication to apphcant
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UNITED STA i DEPARTMENT OF COMMERCE

" Patent and. Trademark Office

Address: - COMMISSIONER OF PATENTS AND TRADEMARKS
Washlngton D. C 20231 -

APPLICATIONNO. | FILINGDATE | - FIRSTNAMEDINVENTOR ~ . ]u.'ATTOHNE.Y DOCKET.'NO-’/Q -
s /523, 1'm 0E/7%/00 0 WELCH - ) A 14' n.'llll\-n_x; .
r o ' Ny R | = EXAMINER : ] L
: EMOZ/0321 0 o o
MCANDREWS HELD. & MALLOY LT . ' EIMIE, M - -
B0 WEST MADISON STREET 34TH FLODR . - L___ARTUNT ] PAPER NUMBER |
CHICARD IL 60661 - SR o L _5>
‘ . . : 3747, .=
DATE MAILED: .
03/Z1/01 ‘

Please find below and/or attached an Off|ce commumcatlon concernlng thls application or
proceeding

Commissioner of Pgtehts and'Tradémprks

PT0.60C (Rev. 2198) ' . . L ‘ S . 1-File Copy

“U.S. GPO: 2000-473-000/44602
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Application No. . Applicant(s)
» ' ‘ , 09/522,139 E , WELCH ET AL
‘Office Action Summary = | ——_ S
_ o . Examiner - Art Unit
Mahmoud M Gimie - 3747

) . «-The MAILING DA TE of thls communlcat/on appears on the cover sheet with the correspondence address -
Period for Reply .

A SHORTENED STATUTORY PERIOD FORREPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION. :

- Extensions of fime may he available under the provisions of 37CFR1. 136 (a)..Inno evenl however, may a reply be tlmely filed
, ~aﬂer $§1X (6) MONTHS from the maillng date of this communication. - :
- lfthe perlod for reply specified above is less than thirty (30) days, a reply within the. statutory minimum of thirty (30) days will be constdered fimely, -
.« " NO'period, for reply is specified above, the maximum statutory petiod will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or exterided period for reply will, by statute, cause the application to become ABANDONED (35 U.5.C. § 133). .
- Any reply received by the Office later than three months after the malllng date of thls communication, even if trmety filed, may reduce any
earned patent term adjustment. See 37 CFR 1 704(). - . '

Status . .
1)[] Responsrve to communication(s) filed on :
2a)[] ' This action is FINAL. 20X This action is non- t' nal

3 Srnce this application is in condition for allowance except for formal matters prosecutlon as to the merits |s
closed in accordance wrth the practrce under Ex parte Quayle 1935 C D. 11, 453 Q. G 213.
' | Disposition of Claims "
~4) Claim(s) 1-30 is/are pendrng in the apphcatron
4a) Of the above clarm(s) is/are wrthdrawn from consrderatron
5). Claim(s) 21-30 is/are allowed.
6)X .Claim(s) 1-20 is/are rejected
7] Claimi(s) ____is/are obJected to.
8)[] Claims

are subject to restrrctron and/or election requrrement

Application Papers
9)[J The specification is objected to by the Exarniner.
10)[J The drawing(s) filed on '
11)[j The proposed drawing correction fi ted on

is/are objected to- by the Examiner. °
is: a)[] approved b)[] drsapproved

12)(] The oath or declaratlon is objected to by the Examrner

[ - . '

Priority under 35 U.S.C. § 119 :
13)(] Acknowledgment is made of a claim for foreign prronty under 35 US.C.§ 118(a)- (d) or (f)
a)[] Al b)J some* od None of:
1.0 cCertified copies of the priority documents have been recelved
'2.07. Certified copies of the priority documents have been recerved in Applrcatron No. . .

3.[0 Copies of the cettified copies of the priority documents have been recéived i in this Natronal Stage
" application from the International Bureau (PCT Rule 17.2(a)).. .
* See the attached detailed Ofﬁce action for a list of the certrt” ed copres not received.

14). Acknowledgement is made ofa clalm for domestrc pnorrty under 35 u. S C § 119(e).

i

Attachment(s) ) , ) .
15) E Notice of References Crted (PTO-892) i ~ ' 18) D Interview Summary (PTO-413) Paper No(s). _____

16) D Notice of Draftsperson's Patent Drawing Revlew (PTO-948) ' 19) [] Notice of lnformal Patent Appltcatron (PTO- 152)
17) [X] Information Disclosure Statement(s) (PTO-1449) Paper No(s) 5 . 20) D Other:,

U S Patent and Trademark Office * oL ' ) )
PTO-326 (Rev. 01-01) . t Office Action Summary , e . Partof Paper No.5 -

) Mercedes EX1005, Page 119:0f 175
Mercedes V. Westport :
IPR2023-00352



,Appllcatlon/Control Number 09/522130 " R " Page2

Art Unrt 3747
DEA"I"AILED ACTION
Clalm Rejectlons - 35 USC § 102

1. The followrng is.a quotatlon of the approprrate paragraphs of 35 U S C 102 that

form the basis for the: rejectlons under thls sectlon made in-this Offlce actlon

A person shall be entltled toa patent unless -

(b) the invention was patented or described in a printed: pubhcatlon in this or a foreign country.or in pUbllC
use or on sale in this country more than one year prior to the date of applrcatlon for patent in the Unlted
States. ’ .

2. Clalms 1 -8, 12 15 17 and 19 are rejected. under 35 u. S C 102( )as‘be,in'g '
iantlcrpated by o Neill (3 598 506)
- o Nerll dlscloses an injection valve (55) for injecti‘ng‘ tuel into a cornbuStion chamber of
E ;an mternal combustron englne sald |njectlon valve compnsrng | o

( )avalve housung comprrsrng afuel lnlet port (57) an interior chamber flundly

connected to sald fuel |nlet port (not numbered) a nozzle compnsmg a nozzle |

'onfrce (56) provrdlng‘ a fluid passage from sa_ld interior chamber to said combustion'~ -
. .chamber (not shown)

(b) a valve needle (51 ) dlsposed wrthrn sald valve housrng whereln sard valve needle is

\

movable» between a closed posrtlon at whlch-a sealrng end of said. valve-needle contacts

a valve seat to ﬂuldly seal said |nter|or chamber from sard nozzle orlflce (56) and an

' open posrtlon at-which sald seallng end of sald valve needle IS spaced apart from sard

valve seat whereby sald |nter|or chamber is fluldly connected wrth sald nozzle onflce

~wherein valve needle (51) I|ft equals the. drstance traveled by sald seallng end away

from sald valve seat

(c) a needle sprlng (58) assocrated wnth said valve needle wherern sald needle sprrng

Mercedes EX1005, Page 120 of 175
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Application/Control Number 09/522,130 . S . Page3d |
Art Unit: 3747 - L

applies a closing force to said valve needle (51) for »bias'i'ng said valve needle in said
closed position; |

(d) an aotuator assembly associated with said valve' needle ~wherein said actuator "

) {

: assembly may be actrvated to apply an opening force to sard valve needle stronger than
said closrng force for movrng sard valve needle to sard open posrtton and |
(e) a_l_w/_)fcirgulrc Irnk assembly comprrsrng a hydraulrc link (42 43) havrng a ﬂurd thrckness
through which sard openrng and closrng forces are transmrtted wherern sard thrckness
of said hydrauli¢ I|nk is adjustable in response to changes in the drmensronal
relatronshrp between components of sard injection valve to marntarna'desrred valve
needle lift when said‘actuator assembly is activated, see figure 4. |
Regarding claim 2, the thickness of.said hydra'ulic Iink is auto-adjustabl_e in r'esponse to
changes in sard dimensional relationship caused by drfferentral thermal expansron
Regardrng clarm 3, sard thickness of said hydraulrc Irnk is auto adjustable in response
to changes in sard dimensional relationship caused by wear to components of said. ;
rnjectron valve. | | |

| ;_“Regardtng claim 4, said hydraulrc link assembly comprises a sealed hydrauhc cylinder,
with a piston and hydraulrc fluid dlsposed wrthtn said hydraulic cyhnder |

- Regardrng clarm 5, said prston is an |ntegral part of sard valve needle . g

Regardrng clatm 6 sard actuator assembly compnses a magnetostrrctrve member ora
piezoelectric stack. | | | |

Claim Rejections - 35 USC § 103

. Mlercedes EX1005, Page 1210f 175
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Application/Control Number: 09/522,130 *  © = ‘ Paged

" Art Unit: 3747 .

3. The following is a quotationof 35 U. S C 103(a a) which forms the basis for all
obvrousness rejectlons set forth in this Ofﬂce actron |

(a) A patent may not be obtamed though the invention is not identically drsclosed or described as set
forth in section 102 of this title, if the-differences between the subject matter sought to be patented and .
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention ' was made to a person having ordinary skill in the art to which said subject matter pertains.

- Patentabrllty shall not be negatrved by the manner in Wthh the mventnon was made.

4 . Claims 7-11,13,14, 16 18 and 20 are rejected under 35US. C. 103( ) as being

unpatentable over O'Neill (3 598 506)

0 Nerll drsctoses alI the limitations as applred to clarms 1-6, 12 15 17 and 19 except for '

components of specrfrc desrgn of an electrostrrctrve actuator

, 'It.would have been an obvuous chorce of. desrgn for one of ordrnary skill in the art at the

tlme of the invention was made to modlfy the lnventlon of O Nentl by using an -

electrostrlctlve actuator comprrsed of magnetostrlctrve member an electnc corl dlsposed

-around said magnetostrlctlve member and a ﬂux tube drsposed around sard electnc con

A

* The motivation to do e would have been to lower manufacturmg cost

.Allowable Sub_‘iect'Matter' -
5. Claims 21 ;30i'are' alnlowe'd'-ov_er prior art of record".‘" :
| | 'Conclusion |
6. - The pnor art made of record and not rehed upon is consrdered pertinent to
apphcant s drsclosure The cited references show fuel lnjectlon actuators
7 ThIS applrcatron currently names Jomt rnventors ln consrdenng patentabllrty of
the claims under 35 u.s.C. 103(a), the examrner presumes 'that the subject matter of

the various claims was commonly owned at the time any inventions covered therein -

Mercedes EX1005, Page 1220f 175
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- Application/Control Number: 09/522,130 S - - Page5
Art Unit: 3747 | | o

‘ were made absent any evidence to the Contrary. Applioant s ad‘.visedv of the obligation -

L under 37 CFR 1.56 to point out the mventor and mventlon dates of each claim that was_ . i

| ‘unot commonly owned at the time a later |nvent|on was made |n order for the examlner to
| ‘consider the applicability of 35 U. S C. 103( ) and potentral 35 U S C 102( ) (f) r(g). :
prior art under 35 U. S.C. 103(a). | '
Any |nqu|ry concerning this communlcatlon or earher communlcatlons from the
examlner should be directed to Mahmoud M Gimie whose telephone number is703- .-
| 4305-1‘037. The examrner can normally be reached. on_,7_:0073:.30. |

. If attempts to reach the examiner by telephone are‘unsubceésful the"examiner’s

. supervisor, Henry Yuen can be reached on 703- 308- 1946. The fax phone numbers for

' the organrzatlon where this appllcatron or proceedrng is assrgned are 703 308 7766 for E

regular communlcatlons and 703- 308 7766 for After Flnal communrcahons
Any lnqurry of a general nature or relatrng to the status of th|s apphcatron or
proceeding should be directed to the receptnonlst whose telephone number is 703e308-"

0861.

(5
'.5 flm‘-r ;y

. ) . . ' . Pa? ta
M Gimie, Examiner . S - “‘f’?dpa ;goExammer
March 20, 2001 A .
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Washington, D.C. 20231 . . - S - TECHNOLOGYCENTER R37oo |

~ Weare transmrttmg herewith the following:
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: FORM PTO-1449 -

. Please charge any. additional fees or credit overpayment to the dep051t account of
McAndrews Held & Malloy, Ltd Account No. 13- 0017 -

Respect lly subm1 ed, B
' KlrkA Vander Leest B '~
Reg. No 34 036
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g o L | CERTIFICATE OF MAILING
- "PATENT APPLICATION OF:' : B v -
‘ | "I hereby certify that this correspondence ‘is
ALAN B. WELCH, ~ being deposited with the United States Postal -
IRAWAN RAHARDJA and Service as first .class mail in an . envelope.
‘ addressed to: Assistant Commissioner- for

MIKE HEBBES

SERIAL NO.: 09/522,130

Patents, Washington, D.C,20231 on June 20,
2001, ;. /
By4 A /ZWW

V' Kirk A. Vander Leest
- . 'Reg. No. 34,036 |

RTOEIVED

AMENDMENT AND REQUEST FOR RECONSIDERATIGNN 2 7 2001
| {EGHNOLOGY CENTER R3T00

FILED: March 9, 2}00

'FOR: DIRECTLY ACTUATED INJECTION
VALVE |

 GROUP ART UNIT: 3747

. Assistant Commissioner for Patents
06/27/2001 DFERindSA00D 10BN 2 FP5ER130
01 FC:103 36,00 CH |
' Sir:
L - This responds to the Office Action mailed March 21, 2001. _Pleés'e amend the application
as follows:

IN THE CLAIMS:

. ',_;/ ~ Please replace claims 1-4 as follows:

L An injection valve for injecﬁng fuel into a combustion’ chambei"of an internal -

combustion engine, said injection valve comprising:

Q}‘/ - (a)' a valve housing comprising:

a fuel inlet port;

. an interior chamber ﬂuidl}"' connected to said fuel inlet port;
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Amendment for Serial No. 09/522,130
- Page2of8

June 20,2001
a nozzle compnsmg a nozzle onﬁce prov1d1ng a ﬂUId passage from said
interior chamber to said combust1on chamber; |
(b)  a valve needle disposed within said valve housing.wherein said valve needle-is
movable' between a closed position at'which a.Sealing end ‘o'f' said valve needle
contacts a valve seat to fluidly seal satd interior chamber from sa1d nozzle onﬁce o
. and an open posmon at Wthh said sealing end of said valve needle 18 spaced apart
from said valve seat whereby said mterior chamber 1s ﬂurdly connected w1th said '
'nozzle oriﬁce wherein’ valve needle lift .equals the dlstance traveled by said
seahng end away tl'om said.valve seat; |
(c) a needle spring associated with .said’valve"needle,-'Wherein ‘'said needle spring
applies a closing force to vsaid valve needle for biasiné saidvalve -'needle. in said
closed position; ‘\, |
(d) an' actuator assernbly associated. wi_th.‘said' 'v.alve’need'l'e, wherein said actuator
assembly may be'activated to apply’ an openin‘g forceto said 'valve needle stronger
than said closing force, for moving said valve needl‘eto said open position; and .
(e) o a hvdraulic link assembly comprising a pass.ive hydraulic link having a 'hydraulic
ﬂuid' thickness through'-'vvhich said opening and rclosintg forces are 'tr_anSmitted,
'Whereby.said_hydraulicvﬂni.d acts substantially asa solid vvith said thickiress being
substantially constant vvhilesaid -actuator assembly' islactivated-'and 'wherein‘ said o
thickness of said hydrauhc lmk is adjustable whlle said actuator is not activated in

response to changes in the dimens1ona1 relationshlp between components of said

Mercedes EX1005, Page 1280of 175
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' cylinder.

:Amendment for Serial No 09/522,130.

Page 3 of 8
June 20, 2001
' injection valve to maintain a desired valve needle liﬁ.up'c,n activetion of said
| actuator assembly.
2. The injection valve of claim 1 wherein said thickness' of said' hydraulic link is “

auto-adjustable while said actuator assembly is not activated in response to' changes in said

‘dimensior}al rela_tionshipl caised by differential thermal expansion.

3. The injection valVe of claim 2 wherein said'thickné'ssf of said hydraulic link is
auto-adjustable while said actuator assembly is not actlvated in response to changes in said

dlmenswnal relationship caused by wear to components of sa1d injection valve.

-4, The mJectlon valve of cla1m 1 wherein sa1d hydrauhc hnk assembly compnses a
ﬂuldly sealed hydrauhc cyhnder that i is ﬂuldly sealed- from sa1d mtenor chamber said. hydraullc

link assembly compnsmg a plston and said hydrauhc ﬂl.Ild is d_1sposed w1_thm sald. hydrauhc' -

Jaateuere, T

Yottt

7

- Please add new claims 31 and 32 as follows:

. S , S |
3, The injection valve of claim 17 wherein said hydraulic fluid is a liquid.

Mercedes EX1005, Page 129-0f 175 -
. Mercedes v. Westport,
IPR2023-00352



* ‘Amendment for Serial No. 09/522,130

Page 4 of 8
June 20, 2001
'52, The 1nJection valve of claim 17 wherein said hydraulic ﬂuid is a liquid selected

frorn the group consisting of motor oil and grease

L.

REMARKS

Claims - 1-32 remain in the vapplication, claims 31 and 32 having' been added by

amendment Claims 1 -4 have been amended as set forth in the attached Appendix Claims 1; 20

R

. stand reJected under 35 U.S.C. § 102 and 103, and claims 21- 30 have been 1nd1cated as being

‘”allowable over the references of record, Reconsideration of the rejected claims 1srespect~fully :

requested

| Claims 1 19 stand rejected as bemg unpatentable over O ‘Neill under 35 U S C. §102(b)

and 103. Clalm 1 has been amended to spec1fy that the hydrauhc link is a “passwe hydraulic R

link. None of the cited references 1nclud1ng O “Neill, disclose or spggest a ¢ pass1ve hydraulic ‘

link, as deﬁned in the present specification (see page 17? lines 22 through 32). Claim 1 has also

‘ been amended to clarify that thehydraulic fluid in the hydraulic linkassembly “acts substantially i

as-asolid . . .'while said actuator assembly is activated,” a feature which is neither disclosed nor

suggested by the Cited references, including (.);Neill. Conversely, betvveen injections, while the
actuator assembly is not activated, the hydraulic fluid may ilovv‘vvithin the sealed cylinder from
one side of the piston to the other to auto ad]ust for changes for example “caused by
temperature wear, etc (See also claims 2 and 3). | \

The cited references, including O ‘Neill,' all disclose assemblies that rely-on the. dy_nﬂic

- flow of a'hy.draulie ﬂuid to actuate/open 'tlie valve That Is, 2 change in the volume of the-

actuator causes a dlsplacement of a ﬂuid Wthh actuates the valve A disadvantage of this

57
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Page 5 of 8 -
June 20, 2001

arrangement 1s that there are grn_egglavs assomated with the dynam1c ﬂow of the- ﬂuld compared
. to the present 1nventlon ‘where the actuatmg force of the actuator is 1mmed1ately transmltted

' through the thickness of the hydrauhc ﬂu1d whlch behaves as a solrd durmg valve actuatron In-ﬁ o

this respect O’Nexll dlscloses an arrangement where an electroexpansxve matenal 44 is actlvated
to- dlsplace ﬂu1d from chamber 41 through passage 42in prston cyhnder 43 to. hft prston 50 and‘
open the valve. (See Flgures 4 and 6) Accordmgly, to open the valve, the actuatmg ﬂuld is

dlsplaced and ﬂows dynam1ca11y (that is, behaves as a hquld and not a: sohd) By contrast clarm

1 spemﬁes that the hydrauhc ﬂuxd acts “substantlally as sohd whlle said actuator assembly is

' 'actrvated ? In view of the above, clalm 1 and its dependent clalms are beheved o’ be allowable

over the reference of record

New claims 31 and 32 have been added to reﬂect another advantage the present 1nvent10n‘ ‘

has over the prior art These clarms ultrmately depend from’ cla1m 1 and are’ beheved allowable

for the reasons given above.

- Support for the-claim ame'ndments:can be found in.the‘_speciﬁcationzas‘fQIIOWst |
Claim1: -
e “p.assi've’.’ - support can be found m the speciﬁcation?’ for'example,’on‘ pag‘e: 17, tines
_' 22 throu'gh 32, o T |
. whereby sa1d hydrauhc ﬂuld acts’ substantlally asa sohd w1th sa1d thrckness berng
substantlally ccastant whlle sard actuator assembly is actlvated” support can be

§

. 'found in the specification, for example on page 28 lines 9 through 15

A' Mercedes EX1005 Page 131 of 175
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. McAndrews, Held & Malloy, Ltd.
500 West Madison St., 34" Flr.
‘Chicago, Iilinois 60661 -~ . '

Telephone: (312) 775-8000

Amendment for Seriél No. 09/522,130
Page 6 of 8
June 20, 2001

. “while said ac.tualttor is not activat:ed” - support can be found in the specification, for

| example, on page 30, lines 28 throu’éh_ 32, and on pagev34; lihés 25 through 32. |
Claims2and3: - | | |
o “while s’aid actuator aséembly 1s nof activated” - 's'up‘port can be found in thé
speciﬁcation, for example, on page 30, ﬁnes 28‘through .3 2, and on page 34, lines 25 -
| .through 32. o | | .'

. Suﬁpéﬁ can be found in the specification on paée 27, lincs i9 through 25.

New claims 31-32.‘: | | |

e Support can be found in the spec;iﬁéétion- on'vpage 28, lirAlje‘s '1‘5 through 29 .

In view of the foregoing, applicants submit tﬁat claimis 1-32 are allowable. T,he éxgminer -
is invited to telephbne‘the applicants’ uﬁdersigned attorﬁey at (312) 775-8000 if any unresolved
matters remain. No fees are believed to be due-in conneCfion ‘wi,th“ this sui)mission. " The |
Commissioner 1s heréby 'authoriz'ed‘to charge any deficiency to Delijos'ivt. ‘Ac‘;éount N§. 13-0017. |

Respegtfully submityed,

" Kirk A. Vander Leest
Reg. No: 34,036 "

Date: June 20 2001
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“ Amendment for Serial No. 09/522,130
Page 7-0f 8 '
* June 20, 2001

' APPENDIX

AMENDMENTS TO THE CLAIMS

1. An 1nJect10n valve for mjectrng fuel into a combustron chamber of an 1nternal
combustron engrne ‘said inj ectlon valve. compnsrng | |
(@)  avalve housing compnsmg..

| . a fuel 1nlet pOFt; - s
-an mtenor chamber ﬂuldly connected to sard fuel inlet port;.
a nozzle comprrsmg a nozzle orifice providing a ﬂurd passage from sard '
1nter10r chamber to said combustion chamber |

b) 2 valve needle dlSpOSCd w1th1n sa1d valve ‘housing wherem sard valve needle 1s
movable between a closed posmon at whrch a seahng end of sa1d valve needle'
contacts a valve seat to ﬂurdly seal said 1nterror chamber from sard nozzle orifice, |

E and an open position at wh1ch sdid sealing end of said valve needle is spaced apart .
" from said valve seat whereby said interior chamber is ﬂu1dly connected with sard .
‘nozzle - orrﬁce wherein - valve needle lrﬁ equals the dlstance traveled by sard

eallng end.away ‘from sa1d valve seat; _ ‘ ' _

(c)‘ a needle spring associated with said -valve needle wherein said needle sprlng
apphes a closing force to- said valve needle for b1as1ng sa1d valve needle in said .
closed position; o | | -

(d). ‘an actuator assembly assocrated with sard valve needle, wherern said actuator

assembly imay be actrvated to apply an opening force to sa1d valve needle stronger
A than said closing force, for movmg said valve needle to sald open posrtlon and ‘
| (e)' a hydraulrc link assembly comprrsmg a mm_hydrauhc link havmg a hydraull

fluid thlckness through which sald opemng and closrng forces are transmltted

whereby sa1d hydraulic ﬂurd acts substantlally as a solid wrth sard thrckness bemg ‘
TS ubstantlally constant whrle said actuator assembly 18 actrvated and whereln sa1d

- Mercedes EX1005, Page 133 of 175 -
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Amendment for Senal No. 09/522,130

Page 8 of 8.
June 20, 2001
thickness of said hydraulic link is adjustable while said actuator is not activated in |
response to changes in the dimen‘si'onal relationship“betWeen' cOmponents of said
“ injection valve to mamtaln adesired valve needle lift ugon activation of [when] g
- said actuator assembly—[ls activated).
2. The injection valve of claim. 1 wherem said thickness of said hydrauhc lmk is

auto- adJustable while said actuator assem_b y is not actlvated in response to changes in said’ l -

‘fdlmen51onal relatlonshlp caused by d1fferent1a1 thermal expansmn

3. - The injection valve of claim 2 wherein said thicicrless of said hydraulic link is

auto- adjustable while sa1d actuator assembly is not actlvated in’ response to - changes in saxd l

dlmensmnal relatlonshlp caused by wear to components of sa1d 1nJ ectlon valve

4. The injection valve of claim 1 wherein said h‘ydraulic link assembly comprises a
fluidly sealed hydraulic cylinder that is ﬂnidiy sealed from saidj interior chamber, said hydraulic
link assembly comprising [with] a piston and said_hydraulic fluid. is_disposed . within said

‘hydraulic cylinder.
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FILED ‘March 9, 2000 ) .
) ByZ/uN
FOR: DIRECTLY ACTUATED INJ ECTION ). /Kirk A. Vander Leest
VALVE ) Reg. No: 34,036
GROUP ART UNIT: 3747 )

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT"

Assistant Cbmmiséiener for Patents
Washington, D.C. 20231

Sir:.
Applicants’submit herewith a copy of eaeh of the.fdlidi»ving references for consideiation

by the U.S. Patent and Trademark Office in cdhnectio'n with the above application. |

U.S. Patent No. © " Inventor(s) o . Issue Date
4,726,389 ‘Minoura et al. -~ . 02/88
5917,692 ~Schmitzetal. =~ . 06/99
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0376493 . . EPO | ‘07/90

. Mercedes EX1005, Page 135.0f 175
o Mercedes v. Westport
T o IPR2023-00352



A

The above reference are. listed on the enclosed Form PTO-1449 ,e‘ntitledw f‘.Information

Disclosure Citation.”

- Concise Explanation ‘of the Relevance of the Q‘ ited Refgrence(sl-'

Minoura et al. U.S. Patent No. 4, 726 389 was crted in the Internatronal Search Report B
issued on May 3 2001 in connectron wrth the PCT/Internatronal apphcatlon No .
PCT/CAOO/01156 (copy enclosed herew1th) whtch corresponds to the present apphcatlon
The International- Search Report sets forth the relevance of the reference in the view of the
Internatjonal Seatching Authority. - |

Schmitz et al. U.S, Patent No, 5,917,692 was cited in the International'vSearch' Report :

" issued on May 3 2001 m connectron wrth the PCT/Internatlonal apphcatron No..-

LN

, Inter:natronal‘Searchrng Authorrty'.

PCT/CA00/01156 (copy enclosed herewrth), whrch corresponds to the present applrcatxon ,
The Internatronal Search Report sets forth the relevance of the reference in the v1ew of the
Internatronal Searchmg Authorrty

European Patent Pubhcatron No. 0 376 493 was c1ted in the Internanonal Search Report‘

1ssued on. May 3 2001 in connectlon with. -the PCT/Internatlonal applrcatlon No

PCT/CAOO/01156 (copy enclosed herewrth), which corresponds to the present - apphcatron |
. The Internatlonal Search Report sets forth the relevance of the reference 1n v1ew of the
No fee is believed t6 be due because this statement.and enclosures are being filed within
three’ months of: the issuance of the May 3, :2001 Intern_ational ‘Search.‘ Report issued in -
connection . with the corresponding PCT/International application. Please charge any fees ;
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Notice of Allowability R WELOHETAL_
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--The MAILING DA TE of this communlcatlon appears on the cover sheet. w:th the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
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NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This. appllcatlon is subject to w1thdrawa| from issue at the mltlatlve
of the Office or upon petition by the appllcant See 37 CFR 1. 313 and MPEP 1308 : :
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1. [:I Certifi ed copies of the priority' documents have been recelved
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‘ Aplecant has THREE MONTHS FROM THE “MAILING DATE" of thls communlcatlon to fi le a reply complymg with the requlrements noted
_below Failuré to timely comply will result i in ABANDONMENT of this appllcatlon THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

oA 7. O A SUBSTITUTE OATH OR DECLARATION must-be submltted Note the attached EXAMINER ] AMENDMEN_T or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) whlch gives' reason(s) why the oath-or declaration is deﬁcnent

8.1 CORRECTED DRAWINGS must-be submitted. : : .
(2)d mcludlng changes required by the Notice of Draftsperson s Patent Drawmg Revuew( PTO—948) attached

1) (O hereto or. 2) [J to PaperNo. ____
(b) [ including changes requ:red by the prOposed drawing correctlon filed , Which has been approved byt the Exammer ]
(c) O mcIudmg changes requwed by the attached Examiner's Amendment / Comment or-in the Office action of Paper No.

Identifying lndicla such as the applicatlon number (see 37 CFR 1.84(c)) should be written on the drawings in the top margin (not the back)
of each sheet. The drawings should be filed as a separate paper with a transmittal-letter addressed to the Off cial Draftsperson

9. [] DEPOSIT OF and/or INFORMATION about the deposat of BIOLOGICAL MATERIAL must be submitted. Note the
,attached Examlner s comment regardlng REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL

Attachment(s) ‘
1] Notice of References Cited (PTO 892) ' - “ * 2[7] Notice of Informal- Patent Application (PTO-152)

3[] Notice of Draftperson's Patent Drawing Review (PTO-948) - - - ) 4[] Interview Summary (PTO-413), Paper No._____

5[ Information DlscIosure Statements (PTQ-1449), Paper No. 8. " 8[] Examiner's Amendment/Comment _
7] Examiner's Comment Regardlng ‘Requirement for Deposnt . 8(] Examiner's Statement of Reasons for Allowance o

of Biological Materlal , : C .9(] other T ' A
Supervisory Patent 2xaminer -
' Group 3700

U.S. Patent and Tradomark Offica N . - ‘ - . :
"PTO-37 (Rev. 04-01) a : Notice ofAIIo_waIpility S = Part of Paper No. 9 . .
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: L ] 4 _ Sheet 1 of I -
Form PTO-1449 _US.DEFART’ OF COMMERCE ATTY. DOCKEI*NO. SERIAL NO.
(Rev. 8-83) “PATENT AND *_ (DEMARK OFFICE '12541U802 09/522,130
{modified). - .
C .
INFORMATION DISCLOSURE CITATION RFPLICANT
Welch et al
(Use several sheets if necessary) 4 .
. FILING DATE GROUP ART UNIT:
S March 9, 2000 3747
s U.S. PATENT DOCUMENTS _ - , :
, , o T o 1 .- | FILING DATE
EXAMINER DOCUMENT DATE ‘NAME | CLASS |, SUBCLASS . IF
INITIAL __| NO. , S | - | APPROPRIATE
/e 4,813,601 03/89 Schwerdtetal. . {239 |91 L
J | 5,697,554 - 12/97 - | Auwaerter et al.. | 239 88
NI 5,875,764 ~ 03/99 Kappel et al. 123|467
w— 6,062,533 . |  05/00 | Kappeletal. . |251. |57
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_ FOREIGN PATENT DOCUMENTS
EXAMINER | | DOCUMENTNO. | PUBLICATION - COUNTRY 'CLASS | SUBCLASS TRANSLATION
INITIAL : DATE : _ .
‘ : — : ' YES NO
Hf 1 | WO0B85/02445 |  06/85 | PCT e —— B |
[, 09-324723 : 12/97 " Japan e X (abstract)
/ | 10-009084 - 01/98 Japan L . | X (abstract) .
‘ 2321501 - 07/98 Great Britain (-—\ : '
[/ 0869278 08/98 | EPO t—
/e 11197 27 992 01/99 | Germany —_— |
. . -0
L I~ a1 0
OTHER DOCUMENTS (Includmg Author, Tltle, Date, Pertment Pages, E®.) ol %rj\ .
. | - = I =
(o) . .
- _ ©
1yl [, = )
-EXAMINER - - M ‘ 22 Z T § DATE CONSIDERED: %/
;‘EXAMINER Tnigal ' l
considered. Incluf;i

copy of this form with next communication to applicant,

citation considered, “ﬁether or not citation is in conformance with'. MPEP 609; Draw lme through c1tanon 1f not in conformancé and not /
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Attachment for PTO 948 (Rev..03/01. or carhm)
6/18/01

The below. text replaces the pre- pnnted text under the- hcadmg, -
“Information on How to Effect Drawing Changes," on the back
of the PTO 948 (Rev. 03/01, or earher) form. '

'INFORMATION ON HOW TO EFFECT DRAWING CHANGES

I "ccrrection of lnformamie's - 37,CFR 1.85

New corrected drawm"s must be tiled with the Chan%: mw:poraud thergin
Identifying indicia. if provided, should include the title of the invention:

‘inventor's name, and apphcatmn number. or docket number (it any) it an’

. application number has not been assigned to the application fthis information s
provided. it must be placed. on the front of each sheel and centered within thetop
margin, lfcorrected drawings are required in a Notice of Allowability (PTOL-
37), the new drawings MUST be filed within the THREE MONTH:shortened
statutory period set for reply in the Notice of Allowability Extensions of time

.may NOT be obtained under the provisions of 37 CFR 1 136(a) or.(b) for filing
the.corrected drawings after the mailing of a Notice of Allowability The
drawings should be filed as a separate paper wnh a \transmmal letter addlessed to
the Official Draftsperson.

2. Correcuons other than |nformahues Noted by Draf(sperson on form PTO-
" 948. :

All changes to the drawmgs other than mformalmes noted by the Drahsperson
MUST be made in the same manner as above except that, normally. a highlighted
(preferably red ink) sketch of the chang,es to be incorporated into the new
drawings MUST be approved by thée examiner before the application will be
allowed. No changes will be permmed to be made. other than correction of-
informalities, unless the exammer has approved the proposed chang,es

Tlmmg of Correctlons

Apphcam 1S requlred to submlt the drawing corrections wuthm the
time penod set in the. attached Office commumcat ion. See 37 CFR
L. 85(a)

Fallure to take correcnve achon within the set period will result in’
ABANDONM ENT of the apphcanon
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Certificate of Malling
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3, "*ASSIGNEE NAME AND RESiDENc& DATA TO.8€ ~ ‘
. PLEASBNOTE.UnIessnnasdgne . .adalamllapp. SR
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.. the PTO orls being submitted under soparate cover. Completion of this form is NOT a subsmlue for|
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*. Burden Hour Statement: This form.is estimated 10" take 0.2 hours 1o complete.” Tme willvary
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L ' PATENT
Attorney Docket No.:  12541US02

' IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: _CERTIFICATE OF MAILING

I hereby certify that this
paper is being deposited with
the United States Postal -
Service as first class mail,
postage prepaid, in an
envelope addressed to:
Assistant Comm1551oner for

) -
A )
- ALAN B. WELCH, - )
)
)
).
)
)
)
) Patents, Washington, 'DC 20231
) .
)
)
)
)
)
)
)
)

IRAWAN RAHARDJA and
MIKE HEBBES
Patent No: 6,298,829
Issued;" éCTOBER:9, 2001
Séfial‘Norf ' ,09/522,130 : on thlS ‘date:

Filed:  MARCH §; 2000

For: DIRECTLY ACTUATED /TGEL@L4¢{SiuA—AL :2
INJECTION VALVE
' o Robert W. Fieseler.
Reglstratlon No. 31,826

Attorney for Appllcants

REQUEST FOR CERTIFICATE OF CORRECTION UNDER+§l 322(a)

-’s
o S - g @Eﬁfﬁﬂﬁﬁﬁ
Assistant Commissioner for Patents o
Washington, D.C.. 20231 . . . FLB(}SQNQ

0 @wﬁm@&a -

:._m.,

vy,

”'Pﬁrsuant‘to,37.CFR §1.322(a), Applicanté hereby request a

- Certificate of Correction to be issued for the above-identified

U.Ss. Patent,correéﬁing the patent as noted in the attached .

"Certificate of Corwection" form PTO 1050 (Rev. 2-93).
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'Speolflcally, the errors that need to be corrected are as‘,:

The errdrs listed below in the patent can be verified. by

reviewing the Information Disclbsure.Statement,ﬁailed on March

123 2001. Both of the incorrect and missing references were

submitted on the Information Disclosyre Stateﬁent-filed on that

Ty

-date (copy attached). The references wexre ackhowledged and

congidered by . the Exam;ner, as 1nd1cated by hlS 81gnature on the

return copy of the IDS dated August 6, 2001 (copy attached)

"followsi

\

In the References Cited Section underiForeiganatent
Documents, please delete reference “2 321 278 9/1998 (EP)”-and
1nsert --2 321 501 7/1998 (GB) - Also,.please add the

following reference --0 869 278 10/1998 {EP)——

In accordance with Applicahts‘ request{ Apoligants' attach.
hereto the correspondlng form PTO 1050 bearlng the requested

correctlons Dupllcate coples of the form are attached hereto
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RrE eventmthég ;ny,édditional fees are rquiréd for the
filing of this reséonse, the Commissipnef iéAAuthorized ﬁO'éharge .
our-DeposiflACCOunt Né.'lB-OOl?.in’the namenochAn@rews; Heléiéi
Malldy;'Lﬁd.; or t6 re£und.any ovgrﬁayment theretol' A dﬁplicéﬁe

copy of this form is enclosed.

Respectfully submitted, -

&

Robert W. Fieseler ,
Registration No. 31,826
‘Attorney for Applicants

MCANDREWS, HELD & MALLOY, LTD.

500 West Madison Street, 34th Floor
Chicago, Illinois. 60661

Telephone: (312) 775-8000

Facsimile: (312) 775-8100

oM

Dated: ,M\ 4,62002.
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Staple
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UNITED' STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PRINTER'S TRIM LINE .

PATENT NO. : 6, 298 829%{
DATED.  : October 9, 2001
INVENTOR(S) : Alan B Welch, Iraw'a_n Rahardja, and Mike Hebbee

Itis certlfied that error appears in:the above-xdentlﬁed patent and that sa1d Letters Patent is hcreby
corrected as shown below :

TP, afnwm%)

_T.n...t;hd’References Cited s-ectreﬁ-z_under Forelgn ‘Patent
Documents, please delete reference “2 321 278 9/1998 (EP)”
and insert -- 2321 501 7/1998 (GB)--. Also, please add
‘the follow1ng reference -—O 869 278 10/1998 (EP)~

MAILING ADDRESS' OF SENDER:

- L o - .. . PatentNo: 6,289,637
McAndrews, Held & Malloy, Ltd. - T ‘ . .. . No.of add'. copies "

500 West’ Madision Street, Floor 34 = ‘ s o : @ 50¢ per page
.Chlcago IIImons .60661" o o . v : = '

FORM PTO 1050 (Rev. 2-93)
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Staple
Hare
Oniy!

UNITED STATES PATENT AND TRADEMARK OFFICE

CERTIFICATE OF CORRECTION

PRINTER'S TRIM LINE

PATENT NO.- :. 6,298,829
DATED - : _ October 9, 2001
INVENTOR(S) : ' Alan B. Welch, frawan Rahardja, and. Mike Hebbes

It is certified that error appéars in the above-identified patent and that said Letters Patent is hereby
corrected as shown below: : '

In the References Cited section, under Foreignh Patent
Documents, please delete reference “2 321 278 9/1998 (EP)” '
and insert -- 2 321 501 7/1998 (GB)--. 'Also, please add
the following reference --0 869 278 10/1998 (EP).--.-

MAILING ADDRESS OF SENDER:

' . ’ ‘ S ‘Patent No: 6,289,637
" McAndrews, Held & Malloy, Ltd. . , "No. of add'l. copies

500 West Madision Street, Floor 34 S @ 50¢ per page
Chicago, lllinois 60661 ‘ : o . . ‘ C:>

‘FORM PTO 1050 (Rev. 2-93) ‘
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S _ PATENT -
Attorney Docket No. 125410802

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

'PATENT APPLICATION OF:
ALAN B. WELCH,. :
TRAWAN RAHARDJA and
'MIKE HEBBES

'SERIAL NO. 09/522,130

, FILED:AMARCH'S,;2OOO

' FOR DIRECTLY ACTUATED

INJECTION VALVE

-. ‘GROUP ART UNIT: 3747 :

EXAMINER: Not yet assignedf

CERTIFICATE OF MAILING

I hereby certlfy that thlS

‘correspondence is being’

dep081ted with the United .

' States Postal Service as
first class mail, postage R

prepaid, 'in an envelope |

.addressed to: A531stant
: Comm1551oner for Patents
- Washington, .D.C.:20231,"

this date:-

Robert W. Fleseler
Reglstratlon No. 31, 826
Attorney for Appllcant( s)

SUPPLEMENTAL INFORﬂATION‘DIECLOSURE STATEMENT

Assistant Comm1551oner for Patents

*Washlngton, D.C. 20231

K .]\“s;rg

Appllcants submlt herew1th a copy of each of the

follow1ng references for cons1deratlon by the U S Patenttand :

. Trademark Office in connection with the‘abovefapplication;

v o
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U.S. Patent No ' Inventor (s) '-j' Issue Date -

4,813,601 . Schwetdt'et'al. 03/89"

5,697,554, - Ruwaerter et al. . 12/97
'5,875,764 -~ Kappel et al. ' ' 03/99
6,062,533 - ~ Kappel et al.  05/00
"Foreign Patent No. Country - o Publication Date
WO 85/02445 . PCT | . 06/85 "
09-324723 o Japan ©12/97
10-009084 Japan = . 01/98
.2 321 501 . . Great Britain = 07/98
0 869 278 EPO - 08/98
197 27 992 '~ Germany -, 01/99"

The above references are listed on the enclosedAForm PTO-

1449 entitled "Information Disclosure Citation.™"

Conc1se Explanation of the
Relevance of the Clted Reference( ).

"SchWerdt;et al; ﬁ.S;.Patent’Noo 4:513 éOlﬁwes;cited.in the
:;internatlonal search Report 1ssued in connectlon w1th the:
~‘PCT/Internatlonal appllcatlon, NoA PCT/CAOO/01156 (copy encloseo
‘nerew1th), Wthh corresponds to the present appllcatlon ‘The |

. International Seench Report sets fOrth‘the relevance of the

' reference in the view of the International Searching Authority.

‘Auwaerter et al. U.S. Patent No.' 5,697,554 was cited in

the International Search Report issued:in connection with' the
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PCT/Interhatioﬁél application, No. PCT/CAOO/OliSG.(cdpy enclosed -
herewith), which corresponds to the present'appliéatidh. The
mlhternational‘searctheport'sets_forth-thé“rele&énce of the

‘reference in thelviéw'of'the'Internatioﬁal Searching Authority.

‘ Ka§pél:et al. Ufs. Patén;{No.KS,Sﬁsﬂjééidisclosésian
apparatus and methodlfdrlﬁalve.contrél.”;iﬂeiygl§é has4é pieéo'
actuator.or a mégnetostrictivelACtdatq;;1 Theif1ﬁidfié'cont;ined.'
"in an unsealed hydfauliélchambef and traﬁémits actﬁatién foicesL;

from. the aCtuaEbr to the valve needle;

Kappel et{él. UtS. Patgntvﬁo.=6,062;764 discloses an
'apparétus and method for valve control. The primary drive, a
piezo acﬁuator, gﬁidéd in a first borei'transfers its stroke
‘motion onto énéecondary;side‘lifter élement in a secondary bore'
1which then:transmits'its stroke 5y means of a Hydrauiic

transmission.

'PCT/Iﬁtefnatidnal.Ppblicaﬁioﬁ'NO;W6185/02445 wﬁsicitéd in
the Intérnétional Seéfch Report,issﬁed in cOﬁﬂéctionHWith the/
PCT/Iﬁterﬁatiénal application; NG . PCT/CA00/01156 (copy Ze‘n.closed
herewith);'which corresponds“to’ﬁhe présaﬂtnabpiiéétién. The

International Search Report sets forth the relevance of the
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' reference'in'thevview“of,the Internationalfsearching Authority:
,qapanese PatentﬁPubiication No. Q9-324723”was'cited'rn:the
Internationai,éearch Report ;ssued in.connectiohlwith,the‘j:ff
ECf/International application,lNo. PCT/CAOO/QIISé'(copy encloseoi
'_herewith§,hwhich corresponds to the present application. The'
‘international,éearch Report sets forth the.releﬁance of the
‘reference.in thehviewnof:the,International:Searching.Anthority. '
JapanesesPatent Puhlication‘ﬁo 10- 009084 was c1ted ln'the
xH”Internatlonal Sedrch Report 1ssued in connectlon w1th the | |
PCT/Internatlonal appllcatlon, No. PCT/CAOO/OllSG kcopy enclosed -
herew1th? whlch corresponds to the present appllcatlon fThél,f:
International Search Report sets forth'the_relevance¢of the

reference in the view of the InternatiOnal.Searching[Authority.~

Brltlsh Patent No ‘2 321 501 was cited'inﬁthe International
Search Report 1ssued 1n connectlon with the PéT/Internatlonal
applrcation;‘No, PCT/CAOO/OtlSS (copy enclosed.herew1th), whlch
o corrésponds‘to the‘present application;‘ The‘International |
Search Report sets forth the releQance.of'the referenéeﬁin'the

‘view. of. the International Searching Authority.
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‘Eurobgah Patent Publication'No. 0n869:273 Qas cited in the .
,Intefhétionél‘Search Rep§fE issuedAih conﬁégtion‘with'the
PCT/International applicafiéﬁ,'No. PCT/CAOU{dlisﬁ (dop?ﬂén¢1osed
: heréwith),:which correspoﬁds to thélﬁrééeﬁt'égpiicatipn.; fhe
'InternationallSeérch Report sets_ﬁOrth‘thé;rélévancevéfvphe.

reference in the view of the International Séarching.Authority.

Gerﬁan‘Patéﬁt Publicétion No. ié? 27 992‘was_ci£ed‘in the
Intefnationai Search Repo%t fssued-in gonnec;ion'with the1>
PCT/inﬁeféational4ap§licati6ﬁ2 No. PCT)éAOO/OL;iG (copy.éﬁclosed
herewith)ﬁ which‘correspondé to”the éféseﬁﬁ apbliéaﬁioh;':The‘
Inﬁérhatidﬁal Search Reporp'séts fortﬁ the féie?éﬁcéfof-the
.referénce in-thé view of‘ﬁhe Internétibnal Séarqhiﬁg.Authdrity.
:Applicantélhave“hot obtained a.fuil¥£ext';ransiatiqh of the
German ianguage'doéumenﬁ,'but.ére Willing'té ob;;in and p;o&idé

f”such,a translation’upon requést@
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 Respectfully submitted,.

Robert W. Fleseler i
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-Attorney-for“Appllcants
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McANDREWS HELD & MALLOY LTD

500 West Madison Street, 34th Floor
Chicago, Illinois 60661

Telephone: -(312) 775-8000
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Record 1/1 US6298829B1 Directly actuated injection valve

Title: Directly actuated injection valve

Title - DWPI: Injection valve for gaseous fuel in combustion chamber of internal combustion
engine, has thickness adjustable hydraulic link connecting actuator and needle valve
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Current
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Current

Original
Original
Original
Original
Original
Original
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Original
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FO2M 61/167
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FO2B 2275/14
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Version

20130101
20130101
20130101
20130101
20130101
20130101
20130101
20130101
20130101
20130101

20130101
20130101
20130101
20130101
20130101
20130101
20130101
20130101
20130101
20130101

Office

EP;
EP;
EP;
EP;
EP;
EP;
EP;
EP;
EP;
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us
us
us
us
us
us
us
us
us
us

us
us
us
us
us
us
us
us
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us

ECLA: FO2M006116G | FO2D004120 | FO2M002102S10 | FO2M005100C | FO2M0O05106A2 |
FO02M006108 | FO2M006110 | FO2M006116F | R02B027514 | R02D004120C6 | R02D004120P |
R02M020030 | R02M020030H | R02M020050C

Abstract:

A directly actuated injection valve comprises a hollow valve housing, a valve needle disposed

within the hollow interior, a needle spring, an actuator assembly, and a hydraulic link assembly.

The valve needle is movable between a closed position and an open position for governing the

flow of fuel into the combustion chamber of an internal combustion engine. The displacement of

the valve needle from the closed position is defined as the lift. The a needle spring biases the

valve needle in the closed position. The actuator assembly generates an opening force that acts

against the needle spring to open the valve. The hydraulic link assembly is interposed between the

valve needle and the needle spring and the actuator assembly. The hydraulic link assembly

transmits respective closing and opening forces to the valve needle. The hydraulic link preferably

comprises a piston disposed within a cylinder that is filled with a hydraulic fluid. The opening and

closing forces are transmitted through a thickness of the hydraulic fluid that is trapped between the

planar surfaces of the piston and the head and base of the hydraulic cylinder. In the preferred

embodiment, the thickness of the hydraulic fluid trapped between the piston and cylinder head or

base is automatically adjustable in response to changes in the dimensional relationship between

components of the injection valve to maintain a desired valve needle lift when the actuator
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assembly is activated. When the actuator assembly comprises a magnetostrictive or piezoelectric
member, the movements of the valve needle can be controlled by the application of a shaped
control pulse or waveform to improve the speed of the opening and closing motion of the valve
needle, and to reduce the impact of the valve needle on the valve seat upon closing.

Language of Publication: EN

INPADOC Legal Status Table:

Gazette Date Code INPADOC Legal Status Impact
2021-07-16 AS -

Description: ASSIGNMENT WESTPORT FUEL SYSTEMS CANADA INC., BRITISH COLUMBIA CHANGE OF NAME;
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2007-08-01 AS -

Description: ASSIGNMENT WESTPORT POWER INC., CANADA RELEASE BY SECURED PARTY;
ASSIGNOR:PERSEUS, L.L.C.; REEL/FRAME:019617/0680 2007-07-26
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Description: ASSIGNMENT PERSEUS, L.L.C., DISTRICT OF COLUMBIA SECURITY AGREEMENT;
ASSIGNOR:WESTPORT POWER INC; REEL/FRAME:018279/0449 2006-07-24

2006-09-18 AS -

Description: ASSIGNMENT CANADIAN IMPERIAL BANK OF COMMERCE, CANADA SECURITY AGREEMENT;
ASSIGNOR:WESTPORT POWER INC; REEL/FRAME:018260/0357 2006-07-24
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ASSIGNOR:WESTPORT RESEARCH INC.; REEL/FRAME:018184/0812 2006-08-16
2005-03-15 FPAY +

Description: FEE PAYMENT FEE PAYMENT YEAR 4

2002-08-06 CcC -

Description: CERTIFICATE OF CORRECTION

2001-09-21 STCF -

Description: INFORMATION ON STATUS: PATENT GRANT PATENTED CASE

2000-06-19 AS -

Description: ASSIGNMENT WESTPORT RESEARCH INC., CANADA ASSIGNMENT OF ASSIGNORS INTEREST;
ASSIGNORS:WELCH ALAN B.; RAHARDJA, IRAWAN; HEBBES, MIKE; REEL/FRAME:010907/0609; SIGNING DATES
FROM 20000320 TO 20000501

Post-Issuance (US): CORR-CERT Certificate of Correction 2002-08-06 2002 2002-08-27 2002 a
Certificate of Correction was issued for this patent

Reassignment (US) Table:

Assignee Assignor Date Signed Reel/Frame Date

WESTPORT FUEL WESTPORT POWER INC. 2021-03-31 056898/0199 2021-07-16
SYSTEMS CANADA
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Conveyance: CHANGE OF NAME (SEE DOCUMENT FOR DETAILS).

Corresponent: CAMERON KYLE 1750 75TH AVE W SUITE 101 VANCOUVER, BCC V6P 6G2
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